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TWO-WHEEL ACTUATOR STEERING SYSTEM AND METHOD FOR POOL CLEANER

RELATED APPLICATIONS

[0001] This application claims priority to United States Provisional Application No. 61/776,450

filed on March 11, 2013, the entire contents of which are incorporated herein by reference.

BACKGROUND

[0002]  Automatic swimming pool cleaners include components for driving the pool cleaners
along the floor and sidewalls of a swimming pool, either in a random or deliberate manner. For
example, conventional pressure side cleaners and suction side cleaners often use hydraulic
turbine assemblies as drive systems to drive one or more wheels. Robotic cleaners often include
a motor and/or other mechanical system powered by an external power source to drive one or

more wheels.

[0003] With respect to pressure side cleaners and suction cleaners, vacuum systems of the
cleaners (e.g., to vacuum debris from the floor and sidewalls and deposit the debris into a debris
bag or debris canister) are often integrated with the cleaners’ drive systems. As a result, changes
occurring in the drive system, such as turning or reversing motion, can affect the vacuum
system. In some conventional pool cleaners, vacuum systems are only capable of vacuuming
debris during forward motion of the drive system. In other conventional pool cleaners, rotation
of separate drive wheels is linked such that the wheels may not be rotated independently of each
other. Accordingly, these cleaners may not be steered by independent rotation of the drive

wheels.

[0004]  One known pool cleaning system includes sets of belt driven drive rollers, with a
geared transmission providing power to the sets of rollers from a drive module. A single cam
moves a shaft between different orientations in order to engage different gears associated with a
single set of the drive rollers and thereby collectively drive the single set of the drive rollers in
either a forward or a reverse direction. Such a system may not allow for independent control of
different sets of rollers, which may limit the types of movement that may be executed by the

system.
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[0005] Another known pool cleaning system includes a plurality of separate cams that
independently control drive wheels. Each cam causes a respective drive shaft to periodically
pivot so that a first gear on each drive shaft engages peripheral teeth on the corresponding wheel
to drive the wheel forward, or so that a second gear on the drive shaft engages central wheel
teeth to drive the wheel in reverse. Such an arrangement may introduce undesirable complexity

into the manufacture, assembly, and maintenance of the system.

[0006] Therefore, it would be desirable to provide a pool cleaner that addresses one or more
of the above deficiencies. For example, it would be desirable to have a pool cleaner that
provides for independent control of the rotational direction of multiple drive wheels and
continuous cleaning capability regardless of travel direction, with relatively low complexity of

manufacturing, assembly, or maintenance.
SUMMARY

[0007] Some embodiments provide a steering system for a pool cleaner including a turbine
paddle, a first drive wheel, and a second drive wheel. The steering system includes a cam with a
first cam profile and a second cam profile different that the first cam profile. The cam is
configured to rotate in response to rotation of the turbine paddle. The steering system also
includes a first drive shaft, a second drive shaft, a first actuator, and a second actuator. The first
drive shaft is in communication with the first drive wheel and the second drive shaft is in
communication with the second drive wheel. The first actuator is in communication with the
first drive shaft and is configured to move the first drive shaft between a forward position and a
reverse position based on the first cam profile. The first drive shaft is configured to drive the
first drive wheel in a forward direction when the first drive shaft is in the forward position, and
in a reverse direction when the first drive shaft is in the reverse position. The second actuator is
in contact with the second drive shaft and is configured to move the second drive shaft between
a forward position and a reverse position based on the second cam profile. The second drive
shaft is configured to drive the second drive wheel in a forward direction when the second drive
shaft is in the forward position and in a reverse direction when the second drive shaft is in the

reverse position.

[0008]  Further embodiments provide a pool cleaner including a first drive wheel, a second

drive wheel, a turbine paddle, and a steering system. The turbine paddle is configured to rotate
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based on water movement through the pool cleaner. The steering system is engaged with the
first drive wheel and the second drive wheel, and the turbine paddle and is driven by rotation of
the turbine paddle. The steering system includes a cam with a first cam profile and a second
cam profile different from the first cam profile. The steering system is configured to drive the
pool cleaner in forward, reverse, and turn movements by rotating the first drive wheel based on

the first cam profile and rotating the second drive wheel based on the second cam profile.

[0009] Additional embodiments provide a steering system for a pool cleaner including a
turbine paddle, a first drive wheel, and a second drive wheel. The steering system includes a
cam with a first cam profile and a second cam profile different than the first cam profile, the first
cam profile being oriented on a first side of the cam, the second cam profile being oriented on a
second side of the cam that is opposite the first side. The cam is configured to rotate in response
to rotation of the turbine paddle via a geared connection between the turbine paddle and the cam.
The steering system also includes a first pivot gear and first drive shaft, a second pivot gear and
second drive shaft, and first and second actuators. The first and second pivot gears are in
contact, respectively, with the first and second drive wheels and with the first and second drive
shafts. The first actuator is in contact with the first drive shaft and includes a first actuator pin in
contact with the first cam profile. The second actuator is in contact with the second drive shaft
and includes a second actuator pin in contact with the second cam profile. The first and second
actuators, respectively, move the first and second drive shafts between forward and reverse
positions based, respectively, on a position of the first and second actuator pins along the first
and second cam profiles. The first drive shaft, via the first pivot gear, drives the first drive
wheel in a forward direction when the first drive shaft is in the forward position and in a reverse
direction when the first drive shaft is in the reverse position. The second drive shaft, via the
second pivot gear, drives the second drive wheel in a forward direction when the second drive
shaft is in the forward position and in a reverse direction when the second drive shaft is in the

reverse position.
DESCRIPTION OF THE DRAWINGS

[0010] FIGS. 1A and 1B are isometric views of a pool cleaner for use with the steering

system described herein;
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[0011] FIG. 2 is an isometric view of a steering system having two wheels in
communication with at least a cam, various gears and gear trains, and a turbine paddle,

according to one embodiment;

[0012] FIG. 3 is an isometric view of the steering system of FIG. 2, including one wheel, the

cam, various gears, and the turbine paddle;

[0013] FIG. 4 is an is an isometric view of a portion of the steering system of FIG. 2

including the cam, a pivot gear, a drive shaft, an actuator, and a timing gear set;

[0014] FIG. 5 is another isometric view of the portion of the steering system of FIG. 4 with

the timing gear set removed to show drive change gears;

[0015] FIGS. 6A and 6B are isometric and top views, respectively, of the pivot gear, the
drive shaft, and the drive change gears of the steering system of FIG. 2;

[0016] FIGS. 7A and 7B are front and rear isometric views, respectively, of the cam of the

steering system of FIG. 2;
[0017] FIGS. 8A and 8B are front and rear isometric views, respectively, of another cam;

[0018] FIG. 9 is an isometric view of a portion of a steering system according to another

embodiment, which utilizes the cam of FIGS. 8A and 8B;

[0019] FIG. 10 is a bottom view of the steering system of FIG. 9, including the cam of
FIGS. 8A and 8B, various gears and gear trains, and a turbine paddle, with the steering system in

a forward-drive configuration;

[0020] FIG. 11 is another a bottom view of the steering system of FIG. 9, with the steering

system in a reverse-drive configuration;

[0021] FIG. 12 is another a bottom view of the steering system of FIG. 9, with the steering

system in a rotational-drive configuration; and

[0022] FIG. 13 is a schematic illustration of a movement path of a pool cleaner operation

facilitated by the steering system of FIG. 2.
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DETAILED DESCRIPTION

[0023] Before any embodiments of the invention are explained in detail, it is to be
understood that the invention is not limited in its application to the details of construction and
the arrangement of components set forth in the following description or illustrated in the
following drawings. The invention is capable of other embodiments and of being practiced or of
being carried out in various ways. Also, it is to be understood that the phraseology and
terminology used herein is for the purpose of description and should not be regarded as limiting.
The use of “including,” “comprising,” or “having” and variations thereof herein is meant to
encompass the items listed thereafter and equivalents thereof as well as additional items. Unless
specified or limited otherwise, the terms “mounted,” “connected,” “supported,” and “coupled”
and variations thereof are used broadly and encompass both direct and indirect mountings,
connections, supports, and couplings. Further, “connected” and “coupled” are not restricted to

physical or mechanical connections or couplings.

[0024] The following discussion is presented to enable a person skilled in the art to make
and use embodiments of the invention. Various modifications to the illustrated embodiments
will be readily apparent to those skilled in the art, and the generic principles herein can be
applied to other embodiments and applications without departing from embodiments of the
invention. Thus, embodiments of the invention are not intended to be limited to embodiments
shown, but are to be accorded the widest scope consistent with the principles and features
disclosed herein. The following detailed description is to be read with reference to the figures,
in which like elements in different figures have like reference numerals. The figures, which are
not necessarily to scale, depict selected embodiments and are not intended to limit the scope of
embodiments of the invention. Skilled artisans will recognize the examples provided herein

have many useful alternatives and fall within the scope of embodiments of the invention.

[0025]  As noted above, it may be useful to provide a steering system for a pool cleaner that
allows for independent rotation of different pool cleaner wheels in different (or the same)
directions (e.g., to drive the pool cleaner in forward, reverse, or turning operations). In certain
embodiments, a steering system for this purpose may include a series of gears that drives two
wheels of a pool cleaner independently by way of the interaction of various steering system
components with a single cam, where the single cam includes at least two different cam profiles

to guide rotation of the different wheels. A forward drive-change gear and a reverse drive-
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change gear may be provided for each wheel, with the forward and reverse drive-change gears

of each set being driven in opposite directions by a water-driven turbine of the pool cleaner.

[0026] In certain embodiments, a first actuator may be in communication with one of the
cam profiles and a drive shaft for one wheel, in order to cause the drive shaft to engage either
the forward drive-change gear (causing forward wheel movement) or the backward drive-change
gear (causing reverse wheel movement) for that wheel. For example, a first actuator pin may
follow a first cam profile as the cam rotates (e.g., as driven by a timing gear set in
communication with the turbine), with the passage of different portions of the first cam profile
past the first actuator pin causing the first actuator to place the associated drive shaft in a
forward-drive or reverse-drive orientation. Likewise, a second actuator may be in
communication with a second cam profile and a drive shaft for the other wheel, in order to cause
the drive shaft to engage either the forward drive-change gear (causing forward wheel
movement) or the backward drive-change gear (causing reverse wheel movement) for that
wheel. For example, a second actuator pin may follow a second cam profile as the cam rotates,
with the passage different portions of the second cam profile past the second actuator pin
causing the second actuator to place the associated drive shaft in a forward-drive or reverse-

drive orientation.

[0027] In this way, for example, each wheel may be individually switched between forward
and reverse movement in order to allow forward, reverse, and turning movements of the pool
cleaner, but only a single cam may be required. Further, because changes in direction for the
wheels may be based on the respective actuator pins’ position along the two cam profiles and the
cam may rotate relatively continuously, the steering mechanism may provide for a repeatable
cycle of movement (e.g., various specific periods of forward, reverse, and turning travel) that
executes over a specified time period (e.g, the time period for a full rotation of the cam).
Finally, in various embodiments, a cleaner employing such a system may be able to provide

cleaning suction (or other functions) regardless of the direction of travel of the various wheels.

[0028] Referring now to FIGS. 1A and 1B, an example pool cleaner 10 is depicted, which
may utilize a steering system 12 (see, e.g., FIG. 2) for control of the movement of the pool
cleaner 10. The pool cleaner 10 may be configured as a suction-side pool cleaner, or as various
other types of pool cleaners (e.g., a pressure-side pool cleaner) known in the art. The pool

cleaner 10 generally includes a housing 14 and opposing first and second wheels 16 and 18. The
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wheels 16 and 18 are in communication with the steering system 12 (not shown in FIG. 1),

which is disposed within the housing 14.

[0029]  Referring to FIGS. 2-5, the pool cleaner 10 is designed to be driven by a turbine
paddle 20, which is in communication with and drives various components of the steering
system 12, as described in more detail below. The turbine paddle 20 is provided as a paddle
wheel with a generally cylindrical base portion 36 having a plurality of curved blades 38
extending outwardly therefrom. Each blade 38 may protrude outwardly from the base portion
36 until terminating at a curved end piece 38a. The turbine paddle 20 depicted in FIG. 2
includes six blades 38, although it is contemplated that the turbine paddle 20 may include more
or less than six blades 38. The turbine paddle 20 is provided within the housing 14 of the pool
cleaner 10 and is positioned between an inlet opening (not shown) in the pool cleaner 10 and an
outlet orifice 14a (see FIGS. 1A and 1B). To this end, at least a portion of fluid moving through
the pool cleaner 10 (e.g., as caused by a suction source (not shown) operably coupled to pool
cleaner 10) is directed across or around the turbine paddle 20 and contacts one or more blades 38

to cause rotation of the turbine paddle 20.

[0030] The turbine paddle 20 includes a turbine paddle gear 22 provided in the form of a
cylindrical shaft extending out of opposing sides of the turbine paddle 20. Each end of the shaft
of paddle gear 22 includes a toothed profile defined by toothed portions 22a and 22b, and is
designed to rotate with the turbine paddle 20, which indirectly drives rotation of drive shafts 24
and 26. The drive shafts 24 and 26, respectively, cause rotation of pivot gears 28 and 30, which
engage toothed inner profiles 32 of the wheels 16 and 18 to rotate the wheels 16, 18. Pivot gears
28 and 30 are configured as cylindrical toothed bodies extending between the toothed inner
profiles 32 and 34 and the drive shafts 24 and 26, respectively. The connections between the
pivot gears 28 and 30 and the drive shafts 24 and 26, respectively, are configured to allow the
rotational axis of each of the pivot gears 28 and 30 to pivot, respectively, with respect to the
rotational axis of each of the drive shafts 24 and 26. Accordingly, rotational power may be
transferred to the wheels 16 and 18 from the drive shafts 24 and 26 via the pivot gears 28 and 30
even though the relative alignment of the rotational axes of the pivot gears 28 and 30 with

respect to the rotational axes of the drive shafts 24 and 26 may change.

[0031] In one embodiment, as depicted in FIGS. 2 and 3, each end of turbine paddle gear 22
(i.e., the end powering drive shaft 24 and the end powering drive shaft 26) is formed as part of a
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single shaft supporting, and rotating with, turbine paddle 20, which may be supported by
bearings (not shown) mounted on housing 14. In certain embodiments, however, the ends of
turbine paddle gear 22 may be formed as distinct components. For example, the outer ends of
paddle gear 22 may be the ends of separate half-shafts supporting rotation of turbine paddle 20,
or the outer ends of distinct shafts supporting rotation of two or more distinct paddles (not

shown).

[0032] Still referring to FIGS. 2-5, the toothed portion 22b of the paddle gear 22 is in
communication with the forward drive change gear 40 such that rotation of the turbine paddle
20, via passage of a fluid stream across the paddle 20, rotates the forward drive change gear 40.
The paddle gear 22 is also in communication with reverse drive change gear 42 (e.g., via
forward drive change gear 40), such that the reverse drive change gear 42 also rotates with the
rotation of the turbine paddle 20, but in an opposite direction as the forward drive change gear
40. As depicted in FIG. 4, paddle gear 22 may drive rotation of the drive change gears 40 or 42
indirectly (e.g., via a timing gear set 44). However, in certain embodiments, the paddle gear 22
may be in direct contact with at least one of the drive change gears 40 and 42. For example, the
paddle gear 22 may drive forward the drive change gear 40 through direct meshing of the gear
22 with the gear 40, and may drive the reverse drive change gear 42 indirectly (e.g., via meshing
of the forward drive change gear 40 with the reverse drive change gear 42, or provision of an
idler gear (not shown), or other linkage mechanism, between the paddle gear 22 and the reverse

drive change gear 42).

[0033] In the embodiment depicted in FIGS. 2-5, the paddle gear 22 is also in
communication with the timing gear set 44 or a different gearing mechanism, in order to drive
the rotation of the drive change gears 40 and 42. The timing gear set 44 is provided in the form
of one or more intermeshed spur, planetary, or other gears and is designed to impose a speed
reduction between one or more output components of the timing gear set 44, and the rotational
speed provided at the input of the timing gear set 44 via the paddle gear 22. The timing gear set
44 may include a connection between the paddle gear 22 and at least one of the drive change
gears 40 and 42, such that the drive change gears 40 and 42 may be driven by the paddle gear 22
indirectly via the timing gear set 44 (or the separate gear set). This may be useful, for example,
if it is desirable to interpose a speed reduction (or increase) between the paddle gear 22 and the

drive change gears 40 and 42.
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[0034]  As noted above, steering system 12 also includes the drive shaft 24. As best seen in
FIGS. 6A and 6B, the drive shaft 24 includes a toothed profile at an interior end 50, which is
disposed adjacent to the drive change gears 40 and 42, and is configured to separately (but not
simultaneously) mesh with corresponding toothed profiles on the drive change gears 40 and 42.
At the exterior end, the drive shaft 24 is in communication with (e.g., directly engages) the pivot
gear 28, which in turn is engaged at its outer end with the inner tooth profile 32 of the first wheel
16.

[0035] Referring also to FIGS. 6A and 6B, the inner end 50 of drive shaft 24 may be
configured with a toothed profile having a characteristic width Wp at the end 50 that is smaller
than the distance Wg between drive change gears 40 and 42 (at the relevant planes intersecting
both with interior end 50 and gears 40 and 42). As such, the interior end 50 of the drive shaft 24
may be prevented from engaging both of the gears 40 and 42 simultaneously and may
sometimes be oriented in a neutral position in which no rotational power is provided to the drive
shaft 24 from either of the drive change gears 40, 42. However, when the drive shaft 24 is
appropriately engaged by an actuator as described in more detail below, the drive shaft 24 may
be moved such that the interior end 50 engages with one of the gears 40 and 42 (as depicted in
FIG. 6B), with rotational power being provided, accordingly, from the engaged gear 40 or 42,
through the drive shaft 24 and the pivot gear 28, to the first wheel 16.

[0036] As depicted in FIGS. 4 and 5, an actuator 46 includes a sleeve 48 having a centrally
disposed opening 48a designed to receive a portion of the drive shaft 24. The actuator 46 is
rotationally fixed with respect to the steering system 12, such that the actuator 46 does not, for
example, co-rotate with the cam 70, as described in detail below. The actuator 46 is, however,
movable with respect to the drive shaft 24 such that the actuator 46 may cause the drive shaft 24
to selectively engage with or otherwise come into communication with one of the drive change
gears 40 and 42 at a particular time. For example, as depicted in FIGS. 2-5, although the
actuator 46 is configured not to rotate with the cam 70, the actuator 46 is configured to move
laterally with respect to the cam 70 and, accordingly, with respect to the drive gear 24.
Accordingly, appropriate lateral movement of actuator 46 may move sleeve portion 48 to
contact the drive shaft 24 in order to selectively urge the drive shaft 24 into contact with either
of the drive change gears 40 and 42, but not both of the gears 40 and 42 simultaneously. In this

way, the actuator 46 may selectively cause rotational power to be provided from only one of the
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drive change gears 40 and 42 to the first wheel 16, and thereby cause the first wheel 16 to be
driven in a corresponding forward or reverse direction. It will be understood that the actuator 46
(or various other actuators) may move the drive shaft 24 (or various other components) in a

variety of ways, and may not include a sleeve portion in every embodiment.

[0037] The actuator 46 is located adjacent to the cam 70 (described in detail below) and
includes a flange 52 extending away from the sleeve 48 along one side of the cam 70. The
flange 52 provides an attachment point for connecting an actuator pin 110 to the actuator 46. As
depicted in FIGS. 4 and 5, the actuator pin 110 is a cylindrical pin extending away from the
flange 52 to be in communication with the cam 70 through insertion of the pin 110 into a

channel 84 (see FIG. 4) along one side of the cam 70.

[0038]  In certain embodiments, the flange 52 may fully surround the sleeve 48, which may,
for example, provide additional structural stability to the actuator 46. In certain embodiments,
as depicted in FIGS. 4 and 5, the flange 52 is configured to be asymmetrical around the sleeve
48. An asymmetrical configuration may, for example, allow secure attachment of the actuator
pin 110 to the actuator 46 while allowing the actuator 46 to be formed from comparatively less
material and to occupy comparatively less space within the housing 14. In certain embodiments,
adjustment knob 54 is also attached to flange 52, which may allow an operator to easily adjust

the position of the actuator 46 relative to the cam 70.

[0039] Referring again to FIG. 2, and as also noted above, the steering system 12 also
includes various components to power rotation of the second wheel 18. The components used to
operate the second wheel 18 operate in a substantially independent manner from the components
used to operate the first wheel 16, which provides the advantages described herein. More
particularly, the paddle gear 22, the drive shaft 26, the pivot gear 30, the forward drive change
gear 60, the reverse drive change gear 62, and the inner tooth profile of the second wheel 18
may interoperate to drive rotation of the second wheel 18 in a similar manner as the paddle gear
22, the drive shaft 24, the pivot gear 28, the forward drive change gear 40, the reverse drive
change gear 42, and the inner tooth profile 32 of the first wheel 16 (as described in detail above).
For example, in the embodiment depicted in FIG. 2, the drive shaft 26, like the drive shaft 24
includes a cylindrical, toothed profile, which may engage with one of the drive change gears 60
and 62, but not both simultaneously, in order to transmit rotational power from the turbine

paddle 20 to the second wheel 18. In the embodiment depicted in FIG. 2, a spur gear 64 is
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provided between the paddle gear 22 and one of the drive gears 60 and 62 in order to provide
rotational power from the paddle gear 22 to the drive gears 60 and 62. It will be understood,
however, that various other configurations are possible, including a direct connection between
the paddle gear 22 and one of the drive gears 60 and 62, or indirect connection via various other

gears or gear sets (not shown).

[0040] An actuator 66 is also provided, in communication with the drive shaft 26. In the
embodiment depicted in FIG. 2, for example, the actuator 66 includes a sleeve portion 68, which
surrounds the drive shaft 26. In this way, movement of the actuator 66 may cause the drive shaft
26 to selectively engage one of the drive change gears 60 and 62, but not both simultaneously, to
cause either forward or reverse rotation, respectively, of the second wheel 18. An arm 56
extends away from the sleeve portion 68 of the actuator 66 to a pin 58, which connects the
actuator 66 to a slot 118 provided in a cam link 112. Accordingly, the actuator 66 may be
moved with respect to the drive shaft 26 by movement of the cam link 112, which movement
may be transmitted to the actuator 66 via the connection between the cam link 112 and the arm
66 provided by the pin 58 and the slot 118. It will be understood that various other connection
types may be provided between the cam link 112 and the actuator 66.

[0041] Cam link 112 extends as a generally rigid body between the connection to the
actuator 66 (i.e., at slot 118) and a side of the cam 70 that is opposite the actuator 46. At the
cam 70, the cam link 112 ends in a tapered cylindrical actuator pin 114, which is in
communication with the cam 70 through insertion of the pin 114 into a channel 86 along one
side of the cam 70. The cam link 112 may be mounted within the housing 14 in a variety of
known ways in order to provide an actuating connection between the cam 70 and the actuator
66. As depicted in FIG. 1, for example, the cam link 112 may include a pivot point 116, which
may be pivotably connected to a mounting feature (not shown) within the housing 14. In this
way, movement of the actuator pin 114 in one direction pivots the cam link 112 about pivot
point 116, thereby causing the end of the cam link 112 with the slot 118 to move in the opposite
direction. This, in turn, causes a corresponding movement of the actuator 66 and the drive shaft
26.

[0042] Referring still to FIGS. 2-5 and also to FIGS. 7A and 7B, the cam 70 is included in
the steering system 12. The cam 70 is formed as a generally cylindrical body 70a having a

central opening 72 and a toothed profile 74 that circumscribes the body 70a. In the embodiment
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depicted in FIGS. 2-5, the timing gear set 44 engages the toothed profile 74 of the cam 70 (see
FIG. 4) such that the cam 70 is rotated by the rotation of the turbine paddle 20, but at a
potentially different (e.g., slower) rotational speed. Also in the embodiment depicted, the
opening 72 is designed to receive the sleeve portion 48 of the actuator 46 such that the cam 70

surrounds the drive shaft 24.

[0043]  As best shown in FIGS. 7A and 7B, the cam 70 further includes a first cam profile 76
on one side of cam body 70a and a second cam profile 78 on the opposing side of cam body 70a.
The cam profiles 76, 78 are designed to influence the direction of travel of wheels 16 and 18. In
certain embodiments, the cam profiles 76 and 78 are defined, respectively and at least in part, by
annular inserts 80 and 82. Each annular insert 80, 82 includes a generally annular body with a
substantially smooth exterior (or other) profile, but also with various portions of the profile that
either follow or deviate from the generally annular shape. For example, in the embodiment
depicted in FIGS. 7A and 7B, the annular inserts 80 and 82 include, respectively, generally
annular portions (or profiles) 92 and 94, and non-annular portions (or profiles) 96 and 98 that
deviate from the generally annular profile of the inserts 80 and 82, as embodied along annular
portions 92 and 94). As depicted, the non-annular portions 96 and 98 are defined by an indent
and/or surface interruption in the inserts 80 and 82, which correspond to a radially inward

deviation from the generally annular exterior profile of the inserts 80 and 82.

[0044] To further define the cam profiles 76 and 78, the cam body 70a includes channel rims
88 and 90, which generally include smooth, annular interior profiles, interrupted at various
Jocations by deviations from the annular profiles (e.g., an indent toward the center-point of the
annular profile, or a protrusion that extends away from the center-point of the annular profile).
These annular and non-annular portions of the channel rims 88 and 90 are generally aligned with
complimentary portions of the inserts 80 and 82 in order to provide channels 84 and 86 having» a
generally uniform width (i.e., a generally uniform distance between the rims 88 and 90 and,
respectively, the inserts 80 and 82). For example, the annular portion of the channel rim 88 is
generally aligned with the annular portion 92 of the insert 80, and the non-annular portion of the
channel rim 88 is generally aligned with the non-annular portion 96 of the insert 80. Likewise,
the annular portion of the channel rim 90 is generally aligned with the annular portion 94 of the
insert 82 and the non-annular portion of the channel rim 90 is generally aligned with the non-

annular portion 98 of the insert 82. Accordingly, the annular portions 92 and 94 of the inserts 80
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and 82, along with the channel rims 88 and 90, define a generally annular geometry for the
channels 84 and 86, and the non-annular portions 96 and 98 of the inserts 80 and 82, along with
the channel rims 88 and 90, define a deviation (e.g., a surface interruption) from the annular
geometry. Further, the entire course of the channels 84 and 86, over the annular and the non-
annular portions, may exhibit a generally uniform width (e.g., a width approximately equal,

respectively, to the widths of the actuator pins 110 and 114).

[0045]  As discussed in greater detail below, alignment of the actuator pins 110 and 114,
respectively, with the annular portions 92 and 94 of the inserts 80 and 82 may correspond with
forward rotation, respectively, of the wheels 16 and 18. In contrast, and as also discussed below,
alignment of the actuator pins 110 and 114, respectively, with the non-annular portions 96 and
98 of the inserts 80 and 82 may correspond with reverse rotation, respectively, of the wheels 16
and 18. As such, the annular portions 92 and 94 of the inserts 80 and 82 may be viewed as part
of a “forward” portion of the cam profiles 76 and 78, while the non-annular portions 96 and 98

may be viewed as a part of a “reverse” portion of the cam profiles 76 and 78.

[0046] Other geometries may also be possible. For example, in certain embodiments a
“reverse” portion of the profiles 76 or 78 may be generally annular, while a “forward” portion
may be represented by an indent or protrusion. In further embodiments, more than one surface
interruption may be present that corresponds with the direction of travel of the left and right

wheels 16, 18.

[0047] As noted above, various modifications of the specific embodiments described herein
may be possible. Referring, for example, to FIGS. 8 through 10, an alternative embodiment of a
steering system 12a is depicted, including an alternative cam 170. The steering system 12a is
similar to the steering system 12 described above and may include one or more components of

the steering system 12 described previously.

[0048]  Referring specifically to FIGS. 8A and 8B, the alternative cam 170 may include a
cam body 170a having a central opening 172 and a toothed profile 174 that circumscribes the
body 170a. The cam body 170a further includes differently configured cam profiles 176 and
178 on opposing sides of the cam 170. The cam profiles 176, 178 are also designed to influence
the direction of travel of wheels 16 and 18. In certain embodiments, the cam profiles 176 and

178 are defined, respectively and at least in part, by annular inserts 180 and 182. Each annular
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insert 180, 182 includes a generally annular body with a substantially smooth exterior (or other)
profile, but also with various portions of the profile that either follow or deviate from the
generally annular shape. For example, in the embodiment depicted in FIGS. 8A and 8B, the
annular inserts 180 and 182 include, respectively, generally annular portions (or profiles) 192
and 194, and non-annular portions (or profiles) 196 and 198 that deviate from the generally
annular profile of the inserts 180 and 182 (i.e., as embodied along annular portions 192 and
194). As depicted, the non-annular portion 196 of the insert 180 is defined by a protrusion on
the insert 180, which corresponds to a radially outward deviation from the generally annular
exterior profile of the insert 180 (and the cam profile 176). In contrast, the non-annular portion
198 of the insert 182 is defined by an indent in the insert 182, which corresponds to a radially
inward deviation from the generally annular exterior profile of the insert 182 (and the cam

profile 178).

[0049] To further define the cam profiles 176 and 178, the cam body 170a includes channel
rims 188 and 190, which generally include smooth, annular interior profiles, interrupted at
various locations by deviations from the annular shape (e.g., an indent toward the center-point of
the annular profile, or a protrusion that extends away from the center-point of the annular
profile). These annular and non-annular portions of the channel rims 188 and 190 are generally
aligned with complimentary portions of the inserts 180 and 182 in order to provide channels 184
and 186 with generally uniform width (i.e., a generally uniform distance between the rims 188
and 190 and, respectively, the inserts 180 and 182). For example, the annular portion of the
channel rim 188 is generally aligned with the annular portion 192 of the insert 180 and the non-
annular portion of the channel rim 188 is generally aligned with the non-annular portion 196 of
the insert 180. Likewise, the annular portion of the channel rim 190 is generally aligned with
the annular portion 194 of the insert 182 and the non-annular portion of the channel rim 190 is
generally aligned with the non-annular portion 198 of the insert 182. Accordingly, the annular
portions 192 and 194 of the inserts 180 and 182, along with the channel rims 188 and 190,
define a generally annular geometry for the channels 184 and 186, and the non-annular portions
196 and 198 of the inserts 180 and 182, along with the channel rims 188 and 190, define a
deviation (e.g., a surface interruption) from the annular geometry. Further, the entire course of
the channels 184 and 186, over the annular and the non-annular portions, may exhibit a
generally uniform width (e.g., a width approximately equal, respectively, to the widths of the

actuator pins 110 and 114).
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[0050]  As discussed in greater detail below, alignment of the actuator pins 110 and 114,
respectively, with the annular portions 192 and 194 of the inserts 180 and 182 may correspond
with forward rotation, respectively, of the wheels 16 and 18. In contrast, and as also discussed
below, alignment of the actuator pins 110 and 114, respectively, with the non-annular portions
196 and 198 of the inserts 180 and 182 may correspond with reverse rotation, respectively, of
the wheels 16 and 18. As such, the annular portions 192 and 194 of the inserts 180 and 182 may
be viewed as part of a “forward” portions of the cam profiles 176 and 178, while the non-
annular portions 196 and 198 may be viewed as a part of a “reverse” portion of the cam profiles
176 and 178.

[0051] Other geometries may also be possible. For example, in certain embodiments a
“reverse” portion of the profiles 176 or 178 may be generally annular, while a “forward” portion
may be represented by an indent or protrusion. In further embodiments, more than one surface
interruption may be present that corresponds with the direction of travel of the left and right
wheels 16, 18.

[0052] Referring specifically to FIGS. 9 and 10, the steering system 12a has various
components in common with the steering system 12, as well as various components that differ in
form or function. For example, the actuator 46 (see FIG. 10) may be configured as in steering
system 12, but an actuator 66a may be configured with a generally box-like frame 130 having a
sleeve portion 132 surrounding drive shaft 26. As with the actuator 66, the actuator 66a may
include an arm 56a extending to a pin 58a connected to the slot 118 of the cam link 112, which
may communicate with the cam 170 via actuator pin 114. In certain embodiments, the frame
130 may slide laterally (i.e., across the axis of rotation of the drive shaft 26) along tracks or
other supports (not shown) provided in housing 14, which may assist in guiding the movement
of actuator 66a by cam link 112. In certain embodiments, other mounting or guiding
mechanisms may be provided. For example, a guide pin (not shown) may extend from the
housing 14 into a guide slot or bore (not shown) on the actuator 66a, such that actuator 66a may

be moved along the guide pin by the cam link 112 in order to move the drive shaft 26.

[0053] Similarly to the actuators 44 and 66 of the steering system 12, the actuators 46 and
66a of the steering system 12a are in communication with the cam 170. For example, the
actuator pin 110 is seated within channel 184 along cam profile 176. Accordingly, the actuator

pin 110 follows the cam profile 176 as the cam 170 rotates to move the actuator 46 in
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accordance with the local geometry of the cam profile 176 as the cam profile 176 moves past the
pin 110. Similarly, the actuator pin 114 is seated within channel 186 along cam profile 178.
Accordingly, the actuator pin 114 follows the cam profile 178 as the cam 170 rotates to move
the actuator 66a in accordance with the local geometry of the cam profile 178 as the cam profile

178 moves past the pin 114.

[0054]  The steering system 12a also varies from the steering system 12 with respect to the
connections between paddle wheel 20 and the wheels 16 and 18. For example, as depicted in
FIG. 10, the toothed portion 22b of paddle gear 22 meshes directly with the forward drive
change gear 40a such that rotation of paddle gear 22 drives a corresponding rotation of the
forward drive change gear 40a. The timing gear set 144, in turn, is in direct communication
with the forward drive change gear 40a, which causes the cam 170 to rotate with a
predetermined timing whenever the forward drive change gear 40a is rotating, which is
whenever the paddle gear 22 is rotating. Rotation of the reverse drive change gear 42a is also
driven by the forward drive change gear 40a, via the meshing of the gear extensions 140 and
142. As described above with respect to the steering system 12, in the steering system 12a, the
drive shaft 24 is configured to engage one of drive change gears 40a and 42a, but not both

simultaneously.

[0055] Similarly, in the steering system 12a, the toothed portion 22a of the paddle gear 22
meshes directly with the forward drive change gear 60a such that rotation of the paddle gear 22
drives a corresponding rotation of the forward drive change gear 60a. The reverse drive change
gear 62a is, in turn, drive by the forward drive change gear 60a, via the meshing of the gear
extensions 160 and 162. As described above with respect to the steering system 12, in the
steering system 12a, the drive shaft 26 is configured to engage one of drive change gears 60a

and 62a, but not both simultaneously.

[0056]  All of the component parts having been described, various methods of operation
associated with operating the pool cleaner 10 will now be described. Referring to FIGS. 10-13,
during operation of the pool cleaner 10 suction is applied to the pool cleaner 10, which causes
water to flow into the pool cleaner 10 through the inlet opening (not shown) in the pool cleaner
10. As fluid contacts the blades 38 of the turbine paddle 20, the turbine paddle 20 rotates, which
causes the turbine paddle gear 22 to also rotate. The rotation of paddle gear 22 drives a

corresponding rotation of the forward drive change gear 40a, which in turn drives rotation of the



WO 2014/164896 PCT/US2014/023728
17

reverse drive change gear 42a (via the extensions 140 and 142), and the cam 170 (via the timing
gear set 144). Similarly, the rotation of paddle gear 22 drives a corresponding rotation of the
forward drive change gear 60a, which in turn drives rotation of the reverse drive change gear

62a (via the extensions 160 and 162).

[0057] With the steering system 12a in the orientation depicted in FIG. 10, the actuator pin
110 is located along the annular (i.e., forward) portion 192 of the cam profile 176, causing the
actuator 46 to cause the drive shaft 24 to engage the forward drive change gear 40a.
Accordingly, rotation of the paddle gear 22 drives the rotation of the first wheel 16 in a forward
direction, via the rotation of the drive shaft 24 and the pivot gear 28.

[0058] Also with the steering system 12a in the orientation depicted in FIG. 10, the actuator
pin 114 is located along the annular (i.e., forward) portion 194 of the cam profile 178. Through
cam link 112, this causes the actuator 66a to cause the drive shaft 26 to engage the forward drive
change gear 60a. Accordingly, the rotation of the paddle gear 22 drives the rotation of the
second wheel 18 in a forward direction, via the rotation of the drive shaft 26 and the pivot gear
30. Referring to FIG. 13, because both wheels 16 and 18 are rotating in a forward direction, the

pool cleaner 10 may move generally forward along in a forward direction 120.

[0059] Referring now to FIG. 11, as the cam 170 continues to rotate (i.e., as driven by the
paddle gear 22 and the timing gear set 144), the cam profiles 176 and 178 move, respectively,
past the actuator pins 110 and 114. Accordingly, as depicted in FIG. 11, the actuator pin 114
eventually enters the non-annular (i.e., reverse) portion 198 of the cam profile 178, the actuator
pin 114 thereby moving inwardly on the cam 170. This causes cam link 112 to pivot in a
clockwise direction around the pivot point 116 and correspondingly to move the actuator 66a
downward (from the perspective of FIG. 11) from the orientation depicted in FIG. 10 to the
orientation depicted in FIG. 11. Correspondingly, the actuator 66a causes the drive shaft 26 also
to move downward (from the perspective of FIG. 11) to engage the reverse drive change gear
62a. As such, in the configuration of FIG. 10, the rotation of the paddle gear 22 in the same
direction as described with regard to FIG. 10 drives the rotation of the second wheel 18 in a

reverse direction.

[0060]  Depending on the relative configuration of the cam profiles 176 and 178, and as

depicted in FIG. 11, the actuator pin 110 may enter (or otherwise be located within) the non-
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annular portion 196 of the cam profile 176 at approximately the same time as the actuator pin
114 enters (or is otherwise located within) the non-annular portion 198 of the cam profile 178.
Accordingly, the actuator pin 110 moves outwardly on the cam 170 and causes the actuator 46 to
move downward (from the perspective of FIG. 11) from the orientation depicted in FIG. 10 to
the orientation depicted in FIG. 11. Correspondingly, the actuator causes the drive shaft 24 also
to move downwardly (from the perspective of FIG. 11) to engage the reverse drive change gear
42a. As such, in the configuration of FIG. 10, the rotation of the paddle gear 22 drives the
rotation of the first wheel 16 in a reverse direction. Referring again to FIG. 13, because both
wheels 16 and 18 may be rotating in a reverse direction, the pool cleaner 10 may move generally

backward along the reverse direction 122.

[0061]  Referring specifically to FIG. 12, as the cam 170 continues to rotate, the cam profiles
176 and 178 continue to move, respectively, past the actuator pins 110 and 114. As depicted in
FIG. 12, this may eventually cause the actuator pin 110 to leave the non-annular portion 196 of
the cam profile 176 and re-enter the annular portion 192 of the cam profile 176. Accordingly,
the actuator pin 110 causes the actuator pin 110 to move inwardly on the cam 170, thereby
causing the actuator 46 to move upward (from the perspective of FIG. 12) from the orientation
depicted of FIG. 11 to the orientation depicted in FIG. 12. Correspondingly, the actuator 46
causes the drive shaft 24 also to move upwardly to re-engage the forward drive change gear 40a.
Therefore, in the orientation depicted in FIG. 12, the rotation of the paddle gear 22 drives the

rotation of the first wheel 16 in a forward direction.

[0062] Meanwhile, the actuator pin 114 may remain within the non-annular portion 198 of
the cam profile 178 and, correspondingly, the rotation of paddle gear 22 may continue to drive
the rotation of the second wheel 18 in the reverse direction. Accordingly, and referring again to
FIG. 13, because wheels 16 and 18 are rotating in opposite directions, the pool cleaner 10 may
execute rotation 124. As the cam 170 continues to rotate, the actuator pin 114 may eventually
re-enter the annular portion 194 of the cam profile 178 (see FIG. 10), such that both of the
wheels 16 and 18 are driven in forward rotation and the pool cleaner 10 travels along forward
path 126. As long as cam 170 is being rotated (e.g., as long as paddle gear 22 is rotating), this
cycle through the configurations of FIGS. 10-12 (and the directions depicted in FIG. 13) may be
repeated indefinitely.
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[0063] It will be understood that the motions indicated in FIG. 13 have been separated for
clarity of presentation and as such that the indicators of FIG. 13 motions do not necessarily
represent the actual position of cleaner 10. For example, the reverse movement along direction
122 may effectively retrace a portion of the path along forward direction 120, rotation 124 may
be executed at the location at which the reverse movement along direction 122 ends, and
forward movement along forward direction 126 may commence at the location at which rotation

124 ends.

[0064]  As noted above, through the appropriate configuration and orientation of cam inserts
180 and 182, a cycle of movement for the cleaner 10 may be established. Further, through
selective configuration and alignment of various annular portions 192 and 194 and non-annular
portions 196 and 198 of the two cam profiles 176 and 178, any variety any variety of movement
cycles may be implemented. For example, alignment of annular portions 192 and 194 with
respect to the relative locations of the actuator pins 110 and 114 may correspond to forward
movement of the pool cleaner 10 because both of the wheels 16 and 18 may be driven in a
forward rotation. Likewise, alignment of one of annular portions 192 or 194 with one of non-
annular portions 198 and 196 may correspond to rotational movement of the pool cleaner 10
because the wheels 16 and 18 may rotate in opposite directions. Further, alignment of non-
annular portions 196 and 198 may correspond to backward movement of the pool cleaner
because both of the wheels 16 and 18 may rotate in a reverse direction. Accordingly, the length,
number, and relative alignment of the annular and non-annular profiles 192, 194, 196, and 198
may be varied in order to introduce any variety of forward, reverse, and turning operations,

including turning operations that rotate the pool cleaner 10 in different directions.

[0065]  In certain embodiment, for example, the cam inserts 180 and 182 may be configured
and aligned such that pool cleaner 10 may sequentially travel in a forward direction for a time
period between about 15 seconds to about 20 seconds (corresponding to overlapping “forward”
portion of the cam profiles 176 and 178, with respect to the locations of the actuator pins 110
and 114), then in a reverse direction for a time period between about 5 seconds to about 10
seconds (corresponding to overlapping “reverse” portions of the cam profiles 176 and 178,
shorter than the overlapping “forward” portions noted above). The pool cleaner 10 may then
execute a rotation for between about 2 seconds to about 4 seconds (corresponding to a “forward”

portion of one of the cam profiles 176 and 178 overlapping with the “reverse” portion of another
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of the cam profiles 176 and 178, shorter than the overlapping “reverse” portions noted above),

before returning to the forward direction and repeating the above-noted cycle.

[0066] Similarly, in certain embodiments, other cam inserts (not shown) may be configured
and aligned such that pool cleaner 10 may sequentially travel in a forward direction for a time
period of between about 4 seconds to about 8 seconds (i.e., because annular portions of both a
first cam profile and a second cam profile are aligned, with respect to the locations of the
actuator pins 110 and 114), execute a clockwise rotation for between about 2 seconds to about 3
seconds (i.e., because an annular portion of the first cam profile is aligned with a non-annular
portion of the second other cam profile), travel in a reverse direction for a time period between
about 2 seconds to about 5 seconds (i.e., because non-annular portions of both of the cam
profiles are aligned), execute a counterclockwise rotation for between about 0.5 seconds to about
1 second (i.e., because the non-annular portion of the first cam profile is aligned with the annular
portion of the second cam profile), then return to the forward direction and repeat the above-

noted cycle.

[0067] It will be understood that steering system 12 or other embodiments may also operate
in a similar manner. For example, referring again to FIGS. 2-7, the paddle gear 22 drives the
timing gear set 44 and the spur gear 64, which in turn drive, respectively, the rotation of the
drive change gears 40 and 42, and the drive change gears 60 and 62. As noted above, the drive
change gears 40 and 60 rotate in a forward direction and the drive change gears 42 and 62 rotate
in a reverse direction. The timing gear set 44 also causes the cam 70 to rotate, at a speed
determined by the gear reduction imposed by the timing gear set 44 between the paddle gear 22
and the cam 70.

[0068]  As the annular portion 92 of the cam profile 76 travels past the pin 110, the pin 110
causes the actuator 46 to urge the drive shaft 24 into engagement with the forward drive change
gear 40, such that the first wheel 16 is driven, via the drive shaft 24 and the pivot gear 28, in a
forward direction. As the non-annular portion 96 of the cam profile 76 travels past the pin 110,
the pin 110 moves inward on the cam 70 and thereby causes the actuator 46 to urge the drive
shaft 24 into engagement with the reverse drive change gear 42, such that the first wheel 16 is
driven, via the drive shaft 24 and the pivot gear 28, in a reverse direction. Likewise, as the
annular portion 94 of the cam profile 78 travels past the pin 114, the pin 114 causes the actuator

66 to urge the drive shaft 26 into engagement with the forward drive change gear 60 via cam
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link 112. Accordingly, the wheel 18 is driven, via the drive shaft 26 and the pivot gear 30, in a
forward direction. Further, as the reverse portion 96 of the cam profile 78 travels past the pin
114, the pin 114 moves inward on the cam 70 and thereby causes the actuator 66 to urge the
drive shaft 26 into engagement with the reverse drive change gear 62 via the cam link 112.
Accordingly, the second wheel 18 is driven, via the drive shaft 26 and the pivot gear 30, in a

reverse direction.

[0069] In this way, by appropriate configuration and alignment of cam inserts 80 and 82, a
cycle of movement for the cleaner 10 may be established. For example, when both of pins 110
and 114 are engaged, respectively, with the annular portions 92 and 94 of the cam profiles 76
and 78, both of the wheels 16 and 18 may rotate in a forward direction and the pool cleaner 10
may move in a forward direction. When the one of the pins 110 and 114 engages, respectively,
the annular portion 92 or 94 of the cam profiles 76 and 78, and the other of the pins 110 and 114
engages, respectively, the non-annular portion 96 or 98 of the cam profiles 76 and 78, the wheels
16 and 18 may rotate in opposite directions and the pool cleaner 10 may execute a rotatiqn.
Finally, when both of the pins 110 and 114 engage, respectively, the non-annular portions 96
and 98 of the cam profiles 76 and 78, both of the wheels 16 and 18 may rotate in a reverse

direction and the pool cleaner 10 may move backwards.

[0070] Further, through the appropriate configuration and alignment of the profiles 76 and
78 (e.g., through appropriate configuration and alignment of inserts the 80 and 82), any variety
of such movement cycles may be implemented. For example, the length, alignment, and number
of annular and non-annular profiles of the inserts 80 and 82 may be varied in order to introduce
any variety of forward, reverse, and turning operations, including turning operations that rotate

the pool cleaner 10 in different directions.

[0071] In certain embodiment, for example, the cam inserts 80 and 82 may be configured
and aligned such that the pool cleaner 10 may sequentially travel in a forward direction for a
time period between about 20 seconds to about 30 seconds, then in a reverse direction for a time
period between about 3 seconds to about 15 seconds. The pool cleaner 10 may then execute a
clockwise rotation for between about 1 seconds to about 2 seconds, travel in the forward
direction for between 4 seconds to 8 seconds, and execute another clockwise rotation for
between about 3 seconds to about 5 seconds, before returning to the forward direction and

repeating the above-noted cycle.
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[0072] Similarly, in certain embodiments, the cam inserts 80 and 82 may be configured and
aligned such that pool cleaner 10 may sequentially travel in a forward direction for a time period
of between about 10 seconds to about 12 seconds, execute a counter-clockwise rotation for
between about 3 seconds to about 4 seconds, travel in a reverse direction for a time period
between about 3 seconds to about 5 seconds, execute a clockwise rotation for between about 1

second to about 3 seconds, then return to the forward direction and repeat the above-noted cycle.

[0073] Repeating cycles of forward, reverse, and turn movements (e.g., as described above)
may allow the pool cleaner 10 to traverse an entire pool surface (or surfaces) during a cleaning
episode, regardless of where the pool cleaner 10 is initially located within the pool. Further,
periodic reversing or turning may enable the pool cleaner 10 to avoid becoming lodged or
otherwise detained in a single location in a pool for an extended amount of time. In addition,
because the direction of rotation of the drive wheels 16 and 18 is independent of the direction of
movement of water through the pool cleaner, the pool cleaner 10 is capable of suction (i.e.,
cleaning or vacuuming) during an entire cycle of forward movement, reverse movement, and
turning movement, in contrast with conventional pool cleaners that do not retain sufficient

suction during reverse movement.

[0074] Continuing, in contrast with conventional pool cleaners, the single cam 70 of the
steering system 12, the single cam 170 of the steering system 12a, or another single cam may
allow for reduced manufacturing or servicing costs due to initial and replacement costs of one
cam versus two separate cams, as well as reduced complexity of assembly. A single cam (e.g.,
the cam 70 or 170) may also be stronger or more robust than separate cams of conventional
cleaner steering systems, due to the inclusion of the opposing-side profiles 76 and 78 (or 176
and 178), and may allow for simpler customization through the use of a variety of inserts (e.g.,
the inserts 80 and 82, the inserts 180 and 182, and the like). Moreover, a single cam may allow
for more reliable timing and movement cycles because, for example, there may be less

likelihood of slipping or lagging between separate timing mechanisms.

[0075] In certain embodiments, various gears or other devices may be interposed between
various combinations of the turbine paddle 20, the turbine paddle gear 22, the drive shafts 24
and 26, the pivot gears 28 and 30, the toothed profiles 32 and 34, or various other components
described herein. For example, speed reduction gear sets, idler gears, and so on may be

provided, as appropriate. As such, various combinations of the turbine paddle 20, the turbine
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paddle gear 22, the drive shafts 24 and 26, the pivot gears 28 and 30, the toothed profiles 32 and
34, or various other components may be in communication via direct contact (e.g., physical
intermeshing of gear teeth on the paddle gear 22 with gear teeth of the drive shafts 24 and 26) or

otherwise in communication.

[0076] As noted above, the cam profiles 76 and 78 (or the cam profiles 176 and 178, and so
on) may be provided by way of the inserts 80 and 82 (or the inserts 180 and 182, or other inserts
of different configuration). This may be useful, for example, in order to allow relatively easy
customization of the profiles 92, 94, 96 and 98 (or the profiles 192, 194, 196 and 198) that
collectively define the cam profiles 76 and 78 (or the cam profiles 176 and 178), as well as to
allow adjustment of the orientation of various profiles on the insert 80 (or the insert 180) relative
to the orientation of various profiles on the insert 82 (or the insert 182). It will be understood,
however, that various cam profiles may be provided in various other ways, including through
manufacture of a cam to integrally include certain profiles (e.g., profiles 76 and 78). In certain
embodiments, the cam profiles 76 and 78 (or the cam profiles 176 and 178) may be similar or
identical. In certain embodiments, including in the embodiments depicted in the figures, the
cam profiles 76 and 78 (or the cam profiles 176 and 178) may differ from each other to varying
degrees. For example, the start of the “reverse” profile 96 (from the perspective of the
movement of the pin 110 along the channel 84) may be generally aligned with the start of the
“reverse” profile 98 (from the perspective of the movement of the pin 114 along the channel 86),
but the profile 98 may extend farther along the profile 78 than the profile 96 extends along the
profile 80. Various other configurations, with various relative lengths, starting points, and

ending points of various forward and reverse portions are also possible.

[0077] It will be appreciated by those skilled in the art that while the invention has been
described above in connection with particular embodiments and examples, the invention is not
necessarily so limited, and that numerous other embodiments, examples, uses, modifications and
departures from the embodiments, examples and uses are intended to be encompassed by the
claims attached hereto. The entire disclosure of each patent and publication cited herein is
incorporated by reference, as if each such patent or publication were individually incorporated
by reference herein. Various features and advantages of the invention are set forth in the

following claims.
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CLAIMS

1. A steering system for a pool cleaner including a turbine paddle, a first drive

wheel, and a second drive wheel, the steering system comprising:

a cam including a first cam profile and a second cam profile different than the first cam
profile, the cam rotating in response to rotation of the turbine paddle;

a first drive shaft in communication with the first drive wheel;

a second drive shaft in communication with the second drive wheel;

a first actuator in communication with the first drive shaft, the first actuator moving the
first drive shaft between a forward position and a reverse position based on the first cam profile,
the first drive shaft driving the first drive wheel in a forward direction when the first drive shaft
is in the forward position and in a reverse direction when the first drive shaft is in the reverse
position; and

a second actuator in communication with the second drive shaft, the second actuator
moving the second drive shaft between a forward position and a reverse position based on the
second cam profile, the second drive shaft driving the second drive wheel in a forward direction
when the second drive shaft is in the forward position and in a reverse direction when the second

drive shaft is in the reverse position.

2. The steering system of Claim 1 further comprising a first pivot gear in
communication with the first drive shaft, the first pivot gear engaging inner teeth of the first
drive wheel, and a second pivot gear in communication with the second drive shaft, the second
pivot gear engaging inner teeth of the second drive wheel, wherein the first drive shaft drives the
first drive wheel via the first pivot gear, and the second drive shaft drives the second drive wheel

via the second pivot gear.

3. The steering system of Claim 1 further comprising a first actuator pin coupled to
the first actuator, the first actuator pin following the first cam profile during rotation of the cam,
the first actuator moving the first drive shaft between the forward position and the reverse

position based on a position of the first actuator pin along the first cam profile.

4. The steering system of Claim 1 further comprising a cam link and a second

actuator pin, the second actuator pin being coupled to the second actuator via the cam link, the
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second actuator pin following the second cam profile during rotation of the cam, the second
actuator moving the second drive shaft between the forward position and the reverse position

based on a position of the second actuator pin along the second cam profile.

5. The steering system of Claim 1 further comprising a turbine paddle gear rotating
with the turbine paddle.
6. The steering system of Claim 5 further comprising a forward drive change gear

rotating based on rotation of the turbine paddle gear, and a reverse drive change gear rotating
based on rotation of the turbine paddle gear, wherein the forward drive change gear and the
reverse drive change gear rotate simultaneously in opposite directions, with respect to each
other, based on rotation of the turbine paddle gear, and wherein the first drive shaft engages the
forward drive change gear when in the forward position and the reverse drive change gear when

in the reverse position.

7. The steering system of Claim 1, wherein the cam includes a cam body, the first
cam profile being oriented on a first side of the cam body and the second cam profile being

oriented on a second side of the cam body that is opposite the first side.

8. The steering system of Claim 1 further comprising a turbine paddle gear rotating
with the turbine paddle and a timing gear set in communication with the turbine paddle gear and

the cam, the timing gear set driving rotation of the cam based on rotation of the turbine paddle.

9. The steering system of Claim 1, wherein the first actuator includes a sleeve

portion surrounding a portion of the first drive shaft.

10.  The steering system of Claim 9, wherein the sleeve portion of the first actuator
extends into an opening through the cam, the sleeve portion surrounding the portion of the first
drive shaft within the opening.

11. A pool cleaner comprising:

a first drive wheel,

a second drive wheel;

a turbine paddle rotating based on water movement through the pool cleaner; and
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a steering system engaged with the first drive wheel, the second drive wheel, and the
turbine paddle,
the steering system being driven by rotation of the turbine paddle,
the steering system including a cam with a first cam profile and a second cam
profile different from the first cam profile; and
the steering system driving the pool cleaner in forward, reverse, and turn
movements by rotating the first drive wheel based on the first cam profile and rotating the

second drive wheel based on the second cam profile.

12.  The pool cleaner of Claim 11, wherein the steering system drives the pool cleaner
in forward, reverse, and turn movements in a timed cycle based on the first cam profile and the
second cam profile, and wherein the steering system is configured to continuously repeat the

timed cycle during operation of the pool cleaner.

13.  The pool cleaner of Claim 12, wherein the steering system rotates the first and

second drive wheels in forward and reverse directions at different times within the timed cycle.

14.  The pool cleaner of Claim 12, wherein the steering system drives the pool cleaner
in forward, reverse and turn movements in the timed cycle by independently rotating the first

drive wheel and the second drive wheel.

15.  The pool cleaner of claim 11, wherein the first cam profile includes a first
surface, the first surface having a first annular portion and one or more of a first indent and a
first protrusion, and the second cam profile includes a second surface, the second surface having

a second annular portion and one or more of a second indent and a second protrusion.

16.  The pool cleaner of claim 15 further comprising a first actuator in communication
with the first surface of the first cam profile and a second actuator in communication with the

second surface of the second cam profile.

17.  The pool cleaner of claim 16, wherein the cam rotates based on the rotation of the

turbine paddle, the first actuator includes a first actuator pin in contact with the first surface of
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the first cam profile as the cam rotates, and the second actuator includes a second actuator pin in

contact with the second surface of the second cam profile as the cam rotates.

18.  The pool cleaner of claim 17, wherein first actuator causes the first wheel to
rotate in a forward direction when the first actuator pin is in contact with the first annular portion
of the first surface and causes the first wheel to rotate in a reverse direction when the first
actuator pin is in contact with the one or more of the first indent and the first protrusion, and
wherein the second actuator causes the second wheel to rotate in a forward direction when the
second actuator pin is in contact with the second annular portion of the second surface and
causes the second wheel to rotate in a reverse direction when the second actuator is in contact

with the one or more of the second indent and the second protrusion. .

19.  The pool cleaner of claim 11, wherein the pool cleaner is configured to provide
suction for cleaning continuously as the steering system drives the pool cleaner in the forward,

reverse, and turn movements.
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20. A steering system for a pool cleaner including a turbine paddle, a first drive
wheel, and a second drive wheel, the steering system comprising:

a cam including a first cam profile and a second cam profile different than the first cam
profile, the first cam profile being oriented on a first side of the cam and the second cam profile
being oriented on a second side of the cam that is opposite the first side, the cam rotating in
response to rotation of the turbine paddle via a geared connection between the turbine paddle
and the cam,;

a first pivot gear in contact with the first drive wheel and with a first drive shaft;

a second pivot gear in contact with the second drive wheel and with a second drive shaft;

a first actuator in contact with the first drive shaft, the first actuator including a first
actuator pin in contact with the first cam profile and moving the first drive shaft between a
forward position and a reverse position based on a position of the first actuator pin along the first
cam profile, the first drive shaft driving the first drive wheel in a forward direction, via the first
pivot gear, when the first drive shaft is in the forward position and in a reverse direction, via the
first pivot gear, when the first drive shaft is in the reverse position; and

a second actuator in contact with the second drive shaft and with a cam link having a
second actuator pin in contact with the second cam profile, the second actuator moving the
second drive shaft between a forward position and a reverse position based on a position of the
second actuator pin along the second cam profile, the second drive shaft driving the second drive
wheel in a forward direction, via the second pivot gear, when the second drive shaft is in the
forward position and in a reverse direction, via the second pivot gear, when the second drive

shaft is in the reverse position.
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