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UNITED STATES DISTRICT COURT
SOUTHERN DISTRICT OF NEW YORK

AQUA PRODUCTS, INC,,
Plaintiff,
-against- 12 Civ. ( )
ZODIAC POOL SYSTEMS, INC,, JURY TRIAL DEMANDED
Defendant.

COMPLAINT FOR INJUNCTIVE RELIEF AND DAMAGES
FOR PATENT INFRINGEMENT (35 U.S.C. §§ 271 and 281)

The plaintiff, Aqua Products, Inc. ("Aqua Products"), by its attorneys, Abelman,
Frayne & Schwab, for its complaint against the defendant Zodiac Pool Systems, Inc.
(“Defendant” or “Zodiac”) alleges as follows:

NATURE OF THE CASE

1. This is an action seeking injunctive relief and damages for patent
infringement arising from violations of the Patent Act of the United States, more particularly 35
U.S.C. §§ 271 and 281.

JURISDICTION AND VENUE
2. This Court has jurisdiction over the subject matter of this action pursuant

to 28 U.S.C. § 1331 (federal question) and 28 U.S.C. § 1338 (patent, trademark and copyright).
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3. Venue is proper in this District pursuant to 28 U.S.C. §§ 1391(b), 13%1(c)
and 1400.

THE PARTIES

4. Aqua Products is and was at all relevant times a corporation organized and
existing under the laws of the State of Delaware, with offices at 25 Rutgers Avenue, Cedar
Grove, New Jersey. 07009

5. Aqua Products is a manufacturer and distributor of high quality, state-of-
the art robotic pool cleaning devices for residential and commercial markets.

6. Upon information and belief, the defendant Zodiac is and was at all
relevant times a corporation organized under the laws of the State of Delaware, with offices
located at 2620 Commerce Way, Vista, California 92081.

7. Upon information and belief, Zodiac manufactures and distributes
swimming pool products, including robotic pool cleaners, and does business within this judicial
district.

FACTS COMMON TO ALL CAUSES OF ACTION

8. For over 20 years, Aqua Products has developed and sold the most
comprehensive line of high quality, state-of-the art robotic pool cleaners for residential and
commercial markets in nearly 40 countries.

9. Aqua Products is a leader in the development of new technology to

improve robotic pool cleaners and has patented many of its innovative technologies.
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10.  Aqua Products is the owner of U.S. Patent No. 8,273,183 (“*183 Patent™),
for an automated swimming pool cleaner having an angled jet drive propulsion system, and a
method for cleaning a submerged surface of a pool or tank, a copy of which is attached hereto as
Exhibit 1.

11. Zodiac has undertaken to unlawfully compete with Aqua Products by
infringing Aqua Products’ ‘183 Patent.

12. By this action Aqua Products seeks to enjoin this deliberate scheme to
infringe its patent.

13.  Aqua Products further seeks monetary damages for the injury incurred as a
result of the Defendant’s activities.

The “183 Patent

14.  The ‘183 Patent issued on September 25, 2012.

15.  The '183 Patent was duly and legally assigned to Aqua Products, its
current owner.

16.  The '183 Patent relates to an apparatus and method for cleaning the
submerged surfaces of a pool or tank through use of a self-propelled robotic cleaner having a
water jet directionally discharged at an acute angle with respect to the surface over which the
cleaner is moving.

17.  The Defendant manufactures, and/or sells, and/or induces others to use
and sell robotic pool cleaners which, upon information and belief, embody the subject matter

claimed in the ‘183 Patent.
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18.  Specifically, upon information and belief, the Defendant manufactures
and/or sells, and/or induces others to use, a line of robotic, self-propelled pool cleaners branded
“Polaris” which embody the subject matter protected under the ‘183 Patent.

19.  Upon information and belief, the Defendant’s products branded, in whole
or part, as “Polaris 9100" include a feature known as a “rear water propulsion system”.

20.  Upon information and belief, the Defendant’s pool cleaning products
branded, in whole or part, as “Polaris 9300" include a feature known as a “rear water propulsion
system”.

21.  Upon mformation and belief, the Defendant’s pool cleaning products
branded, in whole or part, as “Polaris 9400" include a feature known as a “rear water propulsion
system”.

22. The “rear water propulsion system” in the Defendant’s robotic pool
cleaners branded, in whole or part, as “Polaris 9100,” “Polaris 9300” or “Polaris 9400 helps
propel the robotic pool cleaners.

23.  The Defendant directly contributes and induces infringement of the 183
Patent through supplying infringing “Polaris™ branded pool cleaning products to its distributors
for resale to and use by consumers.

24, Consumers who purchase “Polaris” branded products and operate them in
accordance with Defendant’s instructions directly infringe one or more of the claims of the <183
Patent in violation of 35 U.S.C. § 271.

25. Upon information and belief, there is no use of Defendant’s accused
“Polaris” branded pool cleaning products that does not infringe one or more claims of the ‘183

Patent.
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AS AND FOR A FIRST CLAIM FOR RELIEF FOR PATENT
INFRINGEMENT PURSUANT TO 35 U.S.C. §§ 271 AND
281 SEEKING INJUNCTIVE AND MONETARY RELIEF

26.  Aqua Products realleges paragraphs 1 through 25 as if fully set forth
herein.

27. The Defendant has been and is infringing the 183 Patent by
manufacturing, offering for sale, and by selling pool cleaning products which embody the subject
matter of the patented invention of the '183 Patent, in this District and elsewhere in the United
States, in violation of the patent laws of the United States.

28.  Upon information and belief, the Defendant has committed and continues
to commit acts of infringement of the ‘183 Patent within this District and elsewhere in the United
States, and will continue to do so unless enjoined by this Court.

29.  Upon information and belief, the Defendant has and continues to actively
induce infringement of the '183 Patent within this District and elsewhere in the United States and
will continue to do so unless enjoined by this Court.

30.  Aqua Products does not have an adequate remedy at law.

31.  Upon information and belief, Defendant’s direct and contributory
infringement, and active inducement of infringement is willful, intentional and deliberate, and
has deprived Aqua Products of sales and profits which lawfully belong to it and which it
otherwise would have made.

32. On account of the Defendant’s activities in this State this District, and

throughout the United States, Aqua Products has been injured in an amount not yet ascertained.
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33.  This is an exceptional case within the provisions of 35 U.S.C. § 285, and
Aqua Products is therefore, entitled to the recovery of enhanced damages and its attorneys’ fees
upon prevailing in this action.

WHEREFORE, Aqua Products demands judgment:

a. finding that the Defendant has copied Aqua Product’s patented
innovations and products;

b. preliminarily and permanently enjoining and restraining the Defendant, its
agents, servants, employees, successors and assigns, and all those acting in concert or
participation with it, from:

i) manufacturing, producing, distributing, importing, purchasing or
selling pool cleaning products embodying the subject matter of the invention of the ‘183 Patent;

1i) engaging in any other activity constituting an infringement of the
‘183 Patent;

iii) assisting, aiding or abetting any other person or business entity in
engaging in or performing any of the activities referred to herein;

c. directing that the Defendant, at its sole expense, recall all pool cleaning
products that embody the inventions of the claims of the ‘183 Patent which were manufactured,
distributed, sold or shipped by them and to reimburse their customers from whom said
merchandise was recalled;

d. directing that. the Defendant deliver to Aqua Products’ attorneys or
representatives for destruction all products, molds, plates, dies and any other materials in their

possession or under their control which embody the inventions of the claims of the ‘183 Patent;
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e. directing that the Defendant file with the Court and serve on Aqua
Products’ counsel a report in writing and under oath setting forth in detail the manner in which _
Defendant has complied with any temporary restraining order, or preliminary or permanent
injunction entered herein within thirty (30) days of receipt of service of any such order or
rinjllmction;

f. directing the Defendant to account to Aqua Products for actual damages
suffered by it, including its lost sales, as a result of the infringement and the active inducement of
infringement of the ‘183 Patent, directing that such damages be trebled because of the willful and
deliberate nature and character of the infringement, together with an assessment of interest, and
awarding Aqua Products judgment in that amount against the Defendant;

g. directing the Defendant to account to Aqua Products for the Defendant’s
unjustly received profits resulting from infﬁngement of the ‘183 Patent;

h. for an assessment of costs, interest and attorneys’ fees incurred by Aqua
Products; and

i for such other and further relief as the Court deems just and proper.

JURY DEMAND

Aqua Products demands a trial by jury for all issues triable to a jury.

Dated: December 21, 2012 ELMAN FRAYNE & SCHWAB

New York, New York u«Q\o\A‘/ L C\Mm\ﬁ

I effrey A. Schwab

Richard L. Crisona

Anthony J. DiFilippi

666 Third Avenue

New York, New York 10017
(212) 949-9022

Attorneys for Plaintiff, Aqua Products, Inc.
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EXHIBIT 1
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A self-propelled cleaning apparatus for cleaning a submerged
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and adjoining side portions defining the periphery of the
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and rear portions of the housing to enable movement of the
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1
AUTOMATED SWIMMING POOL CLEANER
HAVING AN ANGLED JET DRIVE
PROPULSION SYSTEM

CROSS REFERENCES TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 12/924,554, filed Sep. 28, 2010, now pending, which is a
divisionai of U.S. application Ser. No. 11/606,809, filed Nov.
29,2006, now U.S, Pat, No. 7,827,643 which is a divisional of
U.S. application Ser. No. 10/793,447, filed Mar. 3, 2004, how
U.S. Pat. No. 7,165,284, which is a divisional of U.S. appli-
cation Ser. No. 10/109,683, filed Mar. 29, 2002, now U 8. Pat.
No. 6,742,613, which is a division of U.S. Ser. No, 09/237,
301 filed Jan. 25, 1999, now U.S. Pat. No. 6,412,133, the
disclosures of which are incorporated herein by reference in
their entireties.

FIELD OF THE INVENTICN

The invention relates to meethods and apparatus for propel-
ling automated or robofic swimming pool and tack cleaners
and for controlling the scanning or traversing patterns of the
amtomated cleaners with respect to the bottom and sidewalls
of the pool or tank.

BACKGROUND OF THE INVENTION

Automated or robotic swimming pool cleaners tradition-
ally contact and move about on the pool surfaces being
¢leaned on axle-mounted wheels or on endless tracks that are
powered by a separate drive motor through a gear train. The
wheels or tracks are aligned with the longitudinal axis of the
cleaner, Swimming pool cleaning robots that move on wheels
generally have two electric motors-—a pump motor powers a
water pump that is used to dislodge and/or vacuum debris np
into a filter; the drive motoris used to propel the robot over the
surfaces of the poo!l thatare to be cleaned. The drive motor can
be comected through a gear train directly to one or more
wheels or axles, or through a belt and pulleys to propel the
cleaner; or to a water pump, which can be external to the
robotic cieaner that produces a pressurized strean:, or water
jet, that moves the cleaning apparatus by reactive force or by
driving a water turbine connected via a gear train to the
wheels or endless track. The movement ofthe pool cleaners of
the prior art, when powered by either the turbine or the direct
orreactivejet is in one direction and the movement is random,

Control of the longitmdinal directional mevement of the
robot can be accomplished by elaborate electronic circuitry,
as is the case when stepper and D.C. brushless motors are
employed. Other control systems require the clesner o climb
the vertical sidewall of the poo] until a pertion of the cleaner
extends above the watetline and/or the unit has moved later-

ally along the sidewall, after which the motor drive reverses s

and the cleaner returns to the bottom surface of the pool along
a different path. The water powered cleaners of the prior art
also rely on the reorientation of the cleaner while on contact
withthe wall to effect arandom change in direction, However,
under certain circumstances; it is a wasie oftime, energy and
produces wnnecessary wear and tear to have the robotic
cleaner climb the sidewall solely for purpose of changing the
pattern of movement of the cleaner.

It is known from U.S. Pat. No. 2,988,762 to provide later-
ally offset fixed bumper elements at each end of'the cleaner to
contact the facing sidewall and provide a pivot point as the
cleaner approaches the wall. Another transverse slide rod can

<
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be provided to contact a side wall and causes the drive motor
to reverse. The bumper elements are adjusizble to provide
variable angles. A third slide rod attacked fo a shut-off switch
extends outboard of side facing the far end of the pool, so that
when the cleaner has covered the entire length of the pool and
approaches the wall is a generatly parallel path, the third slide
rod is pushed inboard and shuts off nower to the unit.

It has also been proposed to direct the scanning movement
of a pool cleaner mechanically by use of a three-wheeled
atray in which the third wheel is mounfed centratly and oppo-
site the other pair of wheels, and the axle upon which the third
wheel is mounted is able fo rotate in & horizontal plane around
avertical axis. A so-called free-wheeling version of this appa-
ratus is shown on U.8, Pat. No. 3,079,788.

In U.S. Pat. No. 3,229,315, the third wheel is mounted in a
plate and the plate is engaged by a gear mechanism that
positively rotates the horizontal axle and determines the
directional changes in the orientation of the third wheel.

It is also known in the prior art to provide z pool cleaner
with a vertical plunger or piston that can be moved by a
hydraulic force inte contact with the bottom of the pool to
cause the cleaner to pivot and change direction. The timing
must be conirolled by a pre-programmed integrated circuit
("IC™) device.

Tt is also known from U.S. Pat. No. 4,348,192 to equip the
feed water hose of a circular floating pool cleaning device
with a continuous discharge water jet nozzle that randomly
recrients itself to a reversing direction when the forward
movement of the floating cleaner is impeded, In addition to
the movable water jet discharge nozzle attached to the under-
side of the floating cleaner, the hose is equipped with a plu-
rafity of rearwardly-facing jet nozzles that move the water
hese in a random pattem and facilitate movement of the
cleaner.

Commercial pool cleaners of the prior art that employ
pressurized water to effect random movement have also heen
equipped with sc-called “back-up” valves that periodically
interrupt and divert the flow of water 1o the cleaner and
discharge it throngh a valve that has jets facing upsiream,
thereby creating a reactive force to move the hose and, per-
haps, the attached cleaner in a generally backward direction.
The back-up valve can be actuated by the flow of water
through a fitting attached to the hose. The movement resulting
from the activation of the back-up valve jets is also random
and may have no effect on reorienting a cleaner that has
become immobilized.

The apparatus of the prior art for use in propelling and
directing the scanning movement of automated robotic pool
cleaners is lacking in several important aspects. For example,
the present state-of-the-art machines employ pre-pro-
grammed, integrated circuit (“IC”) devices that provide a
specific predetermined scanning patiern. The design and pro-
duction of these IC devices is relatively expensive and the
scanning patierns produced have been found to be ineffective
in pools having irregilar configorations and/or obstructions
built into their bottoms or sidewalls,

Cleaners propelled by a water jet discharge moveonly ina
generally forward direct, and their movement is random, such
randomness being accentuated by equipping the unit with a
flexible hose or tail that whips about erraticaily to alter the
direction of the cleaner.

Cleaners equipped with gear trains for driving wheels or
encless tracks represent an additional expense in the design,
mamfacture and assembly of nurnerous small, precision-fir
parts; the owner or operator of the apparatus will also incur
the time and expense of maintaining and securing replace-
ment parts due to wear and tear during the 1ife of the machine.
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A cleaning apparatus constructed with a pivotable third wheel
that operates in a random fashion or in accordance with a
program has the same drawbacks associated with the produc-
tion, assembly and maintenance of numerous small moving
parts.

The robotic poo] cleaners of the prior art are alse lacking in
mechanical control means for the on-site adjustment of the
scanning patterns of the apparatus with respect to the specific
configuration of the pool being cleaned.

Another significant deficiency in the design and operation
of the pool cleaners of the prior art is their tendency to become
imunobilized, e.g., in sharp corners, on steps, or even in the
skimmer intake openings at the surface of the pocl.

Itistherefore a principal object of this invention to provide
an improved automated or robotic pool and tank cleaning
apparatus that incorporates  reliable mechanism and method
of providing propulsion using a directional water jet for maov-
ing the cleaner inopposite directions along, or withrespectio,
the lorgitudinal axis of the apparaius.

It is another object of this invention to provide 2 method
and apparatus for adjustably varying the direction of, and the
amount of thrust ox force praduced by a water jet employed to
propel a pool or tark cleaning apparatus, and to effect change
in directicn by interrupting the flow of water.

It is another important object of the invention to provide a
simple and reliable apparatus and method for adjustably con-
trolling the direction of discharge of a propelling water jet that
can be utitized by home owners and pool maintenance per-
sonnel at the pool site to attain proper scanning patterns in
order to clean the entire submerged bottom and side wall
surfaces of the pool, regardless of the configuration of the
poot and the presence of apparent obstacles,

A forther object of the invention is to provide an improved
apparatus and method for varying the position of one or more
of the wheels or other support means of the cleaner in order to
vary the directional movement and scanning patterns of the
apparatus with respect to the bottom surface of the pool or
tank being cleaned.

‘It is another object of the invention to provide a novel
method and apparatus for periodically changing the direction
of movement of a pool cleaner by intermitiently establishing
at least one fixed pivot peint and axis of rotation with respect
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to the longitudinal axis of the cleaner for at least one pair of 45

supporting wheels

Another object of the present invention is to provide a
method and apparatus for assuring the free and unimpaired
movement of the pool cleaner in its prescribed or random
scanning of the surfaces to be cieaned without interference
from the electrical power cord that is attached to the cleaner
housing and floats on the surface of the pool.

Yot another object of the invention is to free a pool cleaner
that has been imunobilized by an obstacle so that it can resume
its predetermined scanning pattern.

Tt is also an object to provide magnetic and infrared (“TR™)
sensing means for controlling the power circrits for the pro-
pulsion means of the cleaner.

Another important object of the invention is to provide an
economical and refiable pool cleaner with a minimum num-
ber of moving parts snd ne internal pump and electric motor
that can be powered by the discharge stream from the posl
filter system or an external booster pump and which can
reverse its direction.

Another important cbject of this invention is to provide an
apparatus and method that meets the sbove objectives in a
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more cost-effective, reliable and simplified manner than is
available through the practices and teachings of the prior a:t.

SUMMARY OF TIHE INVENTION

The above objects are met by the embodiments of the
apparatns and methods described below. In the description
that follows, it will be understood that cleaner moves on
supporting wheels, rollers or tracks that are aligned with the
longitudinal axis of the cleaner body when it moves in a
straight line. References to the front or forward end of the
cleaner will be relative to its then-direction of movement.

In a first preferred embodiment, a directionally controlled
water jet is the means that causes the translational movemnent
of the robotic cleaner across the surface to be cleaned. In a
preferred embodiment, the water is drawn from beneath the
apparatus and passed through. at least one filter medizm to
remove debris and is forced by a prunp through a directional
discharge condnit whose axis s aligned with the longitudinal
axis of the pool cleaner. The resulting or reactive force of the
discharged water jet propels the cleaner in the opposite direc-
tion. The water jet can be diverted by varions mesns and/or
divided into two or more streams that produce resultant force
vectors that also affect the position and direction of move-
ment of the cleaner.

In one preferred embodiment, a diverter or deflector
means, such as a flap valve assembly, is interposed hetween
the pump outlet and the discharge condnit, which diverter
means controls the direction of movement of the water
through one or the other of the opposing ends of the discharge
conduit. The positioning of the diverter means, and therefore
the direction of travel of the cleaner, can be changed when the
unit reaches a sidewall of the pool or after the cleaner has
ascended a vertical sidewall. The movement of the diverter
means can be in response to application of a mechanical
force, such as a lever or slide bar that is caused to move when
itcortacts a vertical wall, and through a directly applied force
or by way of a linkage repositions the diverter means and
changes the direction of the discharged, water jet to propel the
cleaner away from the wall. In one preferred embodiment,
power to the pump motor is interrupted and the position ofthe
diverter reans is changed in response to the change im by<ro-
dynamic forces acting on the flap valve assembly. Mechanical
biasing and locking means are also provided te assure the
proper repositioning and seating of the flap vaive.

The odentation: of the discharged water jet can be varied to
provide a downward component or force vector, lateral com-
ponents, or a combination of such components or force vec-
tors to complement the translational force.

In its broadest construction, the invention comprehends a
method of propelling a pool or tank cleaner by means of a
waler jet that is discharged in at least a first and second
direction that result in movement in opposite translationat
directions. The direction of the water jet is controlled by the
predetermined crientation of a discharge conduit that is either
stafionary or mevable with respect to the body of the cleaner.
The discharge conduit can be fised and the pressurized water
controlled by one or more valves that operate in one cr more
conduits to pass the water for dischiarge in alternating direc-
tions. The discharge condunit can also comprise an element of
a rotating turmret thet is preferably mounted on the top wall of
the cleaner housing and is caused to rotats between at least
two alternating opposed positions in order to propel the
cleaner in a first and then a second generally opposite direc-
tion. The means for rotating the turret and discharge conduit
can include spring biesing means, a motor or water turbine
driven gear train, etc. During the change from one pesition to
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the alternate opposing position, the cleaner is stabilized by
interrupting the flow of water from the discharge conduit, as
by intemrupting, the power to the pump motor or discharging
water from ore or more other crifices The invention compre-
hends methods and apparatus for controlling the movement of
robotic tank and swimming pool cleaners that can be charac-
terized as systematic scanning patterns, scalioped or curvi-
linear patterns and controlled random motions with respect to
the bottom surface of the pool or tank. For the purposes of this
description, references to the front and rear of the cleaning
apparetus or i1s housing will be with respect to the direction of
its movement, A conventional pool cleaner comprises a base
plate on which are mounted a pump, at least one motor for
driving the pump and optionally a second motor for propel-
ling the apparatus via wheels or endless track belts; a housing
having a top and depending sidewalls that encloses the pump
and motor(s} is secured to the base plate; one or more types of
filter media are positioned internally and/or externally with
respect to the homsing; and a separate external handle is
optionally secured to the housing. Power is supplied by float-
ing electrical cables attached to an external source, such as a
transformer or a battery contained in a floating housing at the
surface of the pool; pressurized water can also be provided via
a hose for water turbine-powered cleaners. The inventicn also
has application to tark and pool cleaners which operate in
conjunction with a remote pump and/or filter system which is
located outside of the pool and in fluid communication with
the cleaner via a hose.

‘While the iflustrative figures which accompany this appli-
cation, and to which reference is made herein, schematically
illustrate various embodiments of the invention on robotic
cleaners equipped with wheels, it will be understood by one
of ordinary skill in the art that the invention is equally appli-
cable to cleaners which move on endless tracks or belts.
Specific examples are also provided where the cleaner is
equipped with power-driven transverse cylindrical rollers that
extend across the width of the cleaner body.

In one embodiment of this aspect of the invention, an
otherwise conventional cleaner js provided with &t least one
wheel or track that projects beyond the periphery of the appa-
ratus in a direction of movement of the apparatus, In opera-
tiom, this offset projecting wheel will contact the wall to stop
the forward movement of the apparatus on one side thereby
causing the cleaner to pivot until the opposite side makes
contact with the wall so that the longitudinal axis of the
cleaner forms an angle “b” with the sidewall of the pool.
‘When the cleaper moves in the reverse direction away from
the wall, itwill be traversing the bottom of the pool atanangle
“b”, Anapparatus equipped with only one projecting wheel or
supporting member at one corner location of the housing will
assume a generally normal position to an opposite parallel
sidewalt.

I a further preferred embodiment, a cleaner provided with
a second projecting wheel or supporting member at the oppo-
site end will undergo a piveting motion as the cleaner
approaches a wall in either direction of movement. The angle
“b” can be varied or adjusted by changing the distance the
wheel projects beyond the periphery of the cleaner, As will be
appreciated by one of ordinary skill in the art, the angle “b”
will detarmine the cleaning pattern, which pattern in tarn will
relate to the size and shape of the pool, the degree of averlap
on consecutive passes along the surface to be cleaned, and
other customary parameters.

In order to change the direction of movernent when the
cleanerassumes a path that is generally parallel to an end wall
of the pocl, the cleaner is provided with at least one side
projecting member that extends ovtwardly from the cleaner

0

5

[

Y]

wy

0

50

6

housing from a position that can range from at or adjacent the
forward end to midway between the drive wheels or ends of
the cleaner. The side projecting member acts as a pivot point
when contacting a sidewall of the pool so that the cleaner
assumes an arcuate path until it engages the contact wall.
‘When the unit reverses, the new cleaning pattesn is initially at
approximately a right angle to the former scanning pattern. In
another embodiment of the invention, a pair of the wheels
located at one or both ends of the cleaner are mounted for
rotation at an angle that is not at 90 degrees or normal to the
longitudinal axis of the cleaner. Where the pairs of front and
rear wheels are each mounted on a single transverse axie, cne
or both of the axles is mounted at an angle that is offset from
the longiiudinal normal by an angle “”". In another preferred
emboditent, one side of the axle is mounted in z slot that
permits movement to either the front or reer, or to both front
and rear, in response to movement of the apparatus m the
opposite direction.

Inyetanother embodiment, at least one wheel of a diameter
smaller than the other wheels is mounted on an axle to induce
the apparatus to follow a curved path. In another embodiment,
the apparatus is provided with at least one pair of caster or
swivel-mounted wheels, the axes of which independently
pivotinresponse {o changes in direction so that the apparatus
follows a curved path in one o both directions. In this
embodiment, providiag the apparatus with two pairs of
caster-mounted wheels will produce a scalloped or accenti-
ated curvilinear motion as the unit moves from one point of
engagement with the vertical sidewalls to another.

In a further preferred embodiment of the slot-mounted
axie, one or more position pins are provided to fix and/or
change the range of movement of the axle in the slot. These
adjustments aflow the operator to customize the pattern based
upon the size and/or configuration of the specific poo] being
cleaned.

Amnother embodiment of the invention improves the sbility
of the cleaner to follow a particular pattern of scanning with-
out interference or immobilization by providing an improved
conmector for the power cable. A swive] or rotating electrical
cormector is provided between the cleaner and the external
power cord in order to reduce or eliminate interference with
the scanning pattern caused by twisting and coiling of the
power cord as the cleaner changes direction. The swive] con-
nector can have two or more conductors and be formed in a
right-angle or straight configuration, and is provided with a
water-tight seal and releasable locking means to retain the
two ends rofamably joined against the forces applied during
operation of the cleaner,

In another embodiment of the invention, control means are
provided to perfodically reverse the propelling means to
assure that the cleaner does not become immobilized, e.g., by
an obstacle in the pool. If the pool cleaner does not change its
orlentation with respect to the bottors or sidewall as indicated
by a signal from the mercury switch indicating that such
transition has occusred during the prescribed peried, e.g.,
three minutes, the control circuit will autematically change
the direction of the drive means in order to permit the cleaner
i move away from the obstacle and resume its scanning
pattern. In a preferred embodiment of the invention, the pre-
determined delay period between auto-reversal sequences is
adjustable by the user in the event that a greater or lesser delay
cycle time is desired. Sensors, such as magnetic and infrared
responsive devices are provided fo change the direction of
movement in response to prescribed conditions.

BRIEF DESCRIPTION OF THE DRAWINGS

The above chjects and other advantages and benefits of the
invention will be apparent from the following description in
which:
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F1G. 1 is a side elevation, partly in cross-section, of a pool
cleaner illustrating one embodiment of the directional water
jet of the invention;

FIG. 1A is a side clevation, partly in cross-section of
another embodiment of the invention of FIG. 1;

F1G. 1B is a side elevation, partly in cross-section, of a
water jet valve assembly schematically illustrating another
embodiment of the invention of F1G. 1;

FIGS. 2 and 3 are side elevation views, partly in cross-
section, schematically illastrating the operation of the water
jet valve assembly shown in FIG. 1;

FIGS. 4 and 5 are side elevation views of the embodiments
of the valve assembly of FIGS. 2 and 3 provided with addi-
tional vertical discharge valves of the invention,

Fi1(h. 6 is atop plan view of a fiap valve member siitable for
use with the ernbodiment of FIG. 1;

FIG. 7 is a top plan view of a flap valve assembly locking
bar;

FIG. 8 i3 a side elevation, parily in cross-section, of the
valve assembly of the invention installed on a purap;

FIG. 9 is a side elevation of the embodiment of FIG. 8,
schematically illustrated in relation fo a pool cleaner, shown
in phantom;

FIG. 10 is a side elevation of another embodiment of the
water jet valve assembly of the invention schematically illus-
trated in relation o a cleaner, shown in phantom;

FIG. 11 is a side elevation of another embodiment of the
" water jet valve assembly of the invention schematically ills-
trated in relation to a cleaner, shown in phantom;

FIG. 12 is a side elevation of another embodiment of the
water jet valve assembly of the invention with pressurized
water supplied by an external source, schematically illus-
trated 1 relation io a cleaner, shown in phantom;

FIG. 12 A is aside elevation view, partly in cross-section, of
a modified discharge conduit attachment in accordance with
the invention;

FIG. 13 is a side elevation, partly in cross-section, of a pool
clearer equipped with the water jet valve assembly of the
invention and extemal pressurized water source with venturi
discharge cpenings;

FIG, 14 schematically illustrated an embodiment similar to
that of FIG. 13 in which the filter system is externally
mounted;

FIGS. 15-17 are side elevaticn views of a cleaner provided
with auxiliary support means in accordance with the inven-
tion to improve the movement over obstacles and irregular
surfaces;

FIG. 18 is a top plan view of a tandem cleaner provided
with two water jet valve assemblies of the invention;

FIG. 19 is a side elevation of a prior art pool cleaper, partly
cut away to show a finid activated plunger assembly;

FIGS. 20-22 are side elevation views of pool cleaners,
partly cut away, to show laterally mounted directional pivet
assemblies of the invention;

FIG. 23 is a top and side perslnec‘ri{fe view ot a portion of & s

pool cleanes to show a discharge conduit provided with an
adjustable diverter for varying the directional discharge of the
water jet form the valve assembly;

FIG. 24 is a top cross-sectional plan view of the diverter
mechanism of FIG. 23;

FIG. 25 is a top plan view of a cleaner illustrating one
embodiment of offsetting the discharge conduits fo produce a
non-linear movement of the ¢leaner in both directions;

FIG. 26 is a top plan view of a cleaner provided with means
to crezte an uneven hydrodynamic drag force on side of the
¢leaner to produce a non-linear movement of the cleaner in
one direction.
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FIG. 27 is a side perspective view, partly in cross-section of
an in-line electrical connector of the invention shown in rela-
tion to a segment of the cleaner housing;;

FiG. 28 is a side elevation view, pastly in cross-section, of
an angular electrical swivel connector of the fnvention:

FIG. 29 is 2 plan view, partly in cross-section, of another
embodiment of an in-line swivel electrical connector;

FIG. 30 is a prospective view of the assembled in-line
swivel connector of FIG. 29 schematically illustrating its
relation to the cleaner; -

F1G5. 31A and 32A are top plan views schematically illus-
trating the prior art construction of a pool cleaner with pivot
members extending from the front, and from the front and
rear, respectively, in the direction of movement of the cleaner;

FIGS. 31B and 32B are schematic representations of the
paftern of movement of the prior art pool cleaners of FIGS.
31A and 32A, respectively,

FIGS. 33 and 34 are top plan views schematically illustrat-
ing embodiments of the invention in which the cleaner’s
supporting wheels extend beyond the periphery to the front
and 10 the front and rear, respectively to provide a pivot point;

FIGS. 35A and 35B are schematic illustrations of the pat-
terns created by the embodiments of FIGS, 35 and 36;

FI(GS. 35-44 are top plan views schematically illustrating
embodiments of the invention in which the cleaner’s support-
ing wheels are mounted on one or more axles that are offset at
an angle to line that is normal to the longitudinal axis of the
cleanet;

FIG. 45 is a sids elevation view of an adjustable axle and
wheel assembly similar to the embodiments illustrated in
FIGS. 43 and 44;

FIG. 46 is a plan view of a curvilinear or free-form pool or
tank schematically illustrating the predetermined scanning
pattern in accordance with cne embodiment of the invention;

FIG. 47 is a boitom plan view of one end of 2 pool cleaner
wheel and axle assembly itlustrating a mechanism for auto-
mafically changing the orientation of the wheels in response
to a lateral contact with the side wail of a pool;

FIG. 48A is a sectional view of the wheel and mechanism
taken along line AA of FIG. 47,

FIG. 48B is a sectional view of the opposite wheel and
mecharism taken zlong line B-B of FIG. 47;

FIG. 4% is a sectional view taken along a line 49-49 of FIG.
47,

FiGs. 50 is a top plan view of a clearer equipped with
motor-driven supporting rollers on a moving axle in accor-
dance with the invention;

FIG. 51 is a iop plan view having supporting rollers and a
sliding axle in accordance with the invention that includes a
universal joint; and

F1G. 52 is aflow chart illustrating a method of the invention
for reversing the direction of movement of a cleaner in accor-
dance wilh a prescribed program,

DESCRIPTION OF THE PREFBRRED
EMBODIMENTS

In the description that follows, a pool cleaner 10 has an
exterior cover or housing 12 with a top wall 16, an internal
pump and drive motor 60 that draws water and debuis through
openings in a base plate that are entrained by a flter 61.

The series of FIGS. 1-14 illustrate embodiments in which
a single motor is used to vacuum debris and propel a swim-
ming pool cleaning robot in combination with mechanically
simple directional control means. In this embodiment, a tem-
porary interruption of power to the motor will result in the
reversal of the robot’s movement. The interruption of power
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to the motor can resnit from a programmable power control
circuit or be initiated by physical conditions affecting the
cleaner.

FIG. 1 schematically illustrates, in partial cross-section, a
pool cleaner 10 having a water jet valve assembly 40 forming
a pump outlet that is mounted on top of a motor-driven water
pumyp 60 and using impeller 58 to drive water “W** up through
housing aperture 17 and into the valve zssembly. The valve
assembly 40 comprises a generally T-shaped valve housing
42 with depending leg 43 having a first end that is secured to
cleaner housing flange 18, and & second end that is in fluid
commugication with discharge conduits 44R and 44L. Posi-
tioned in theinteriorof vaive housing 42 is flap valve member,
or diverter, 46 (shown in a transitory position). Referring now
to FIGS. 6 and 7, fiap 46 15 jllustratively provided with mount-
ing posts 47, and two “T -shaped spring-loaded lock bats
48R and 48L (also referred to generally as “lock bar(s)” 48)
pivotaily meunted on pivot pests 49 on either side of the fiap
46. Lock springs 50 urge lock bars 48 into contact with fap
mermmber 46. The cross-section of the conduits 441 and 44R
(also referred to generally as condnit(s) 44) can be round,
rectilinear, or of any other convenient shape, the rectangular
configuration illustrated being preferred.

FIG. 2 illusirates the sequence of movements inside valve
housing 42. When power o the pump mofor 61 is turned on,
the water being pumped through jet valve housing 42 is a
pressurized water stream W, which enters the housing and
acts on the flap member 46 to vege it into a first position o
close discharge condnit 441 at the left side of the valve. The
pressurized water stream W also applies a force thaturges the
lock bar 48R to fold away from the valve member 46 in the
right discharge conduit 44R, resulting in a water jet propul-
sion force that is emitted from the right end of discharge
conduit 44R.

FIG. 3 illustrates the next sequence of steps or movements
that resnlt when power to the motor 60 is shut off and/or the
flow of water W is interrupted. The sudden interruption of the
water W flowing into the valve housing 42 causes the exiting
water stream to create a low pressure or partial vacuum in the
pump cutlet, thereby causing flap member 46 to swing to the
transitory (i.e., second) position over the pump outlet and
towards the right discharge conduit. This movement of the
flap member is followed by the movement of 1eft lock bar 48L
to lock the valve member 46 into position to the right of
center. When power to the motor is turned back on, a second
high pressure water stream is formed within the pump outlet
that moves the diverter 1o 2 third positior to close the right
discharge condnit 44R, and the water flow will be directed
into left discharge conduit 44L. Tt is possible to operate the jet
valve assembly 40 without lock bars 48L and 48R; however,
precise timing is required to tum the power on and to reacti-
vate the pump 60 before valve member 46 swings back (o its
previous position prior to the interruption of the water flow.

FIG. 4 illustrates a further preferred embodiment in which

provisicn is made for a reduction of excessive water jet pres-

sure through the open end 45 of conduits 44R and 44L. To
contrel and adjust the water pressure, openings are provided
at both sides of flap valve 46, and adjustable closures, which
can be e.g., sliding 53R, 53L doors proximate the openings
provide for the desired amount of by-pass water the force of
which, when directed upward, urges the robot 10 againsi the
surface of the pool.

FIG. § illustrates an automatic mechanism to accomplish
the above in which spring-loaded doors 4R, 541 open when
the initial operating pressure is 100 high to maintain proper
speed of robot, e.g,, when the filter bag is clean. Doors 54 are
mecunted by hinged members 55 and biased into a closed
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position by springs 56. As filter 61 accumulates debris and
dirt, the bag clogs up, pressure drops and the spring-loaded
doors close partially or completely.

FIG. 6 illustrates the configiration of a preferred embodi-
ment of the flap valve member 46 znd FIG. 7 shows one
embodiment of a lock bar 48 of FIG. 1 (i.e., lock bars 48T or
48R, and the relation of associated lock spring 50, Other
forms of biased mechanisms, including electronic and elec-
tromechanical means can be employed.

In another preferred embediment of the invention, the flap
46 is moved by positive mechanical means in response to a
contact with a side wall or other structure in the pool. For
example, FIG. 14 illustrate a cleaner 19, similar in construe-
tion to that of FIG. 1, on which is mounted valve assembly 40",
Valve actuating member 240, is shdably mounted internally
and parallel 1o the axis of the discharge conduits 441 and 44R.
inspiders 250 and passes through a slotted opening 248 in flap
member 46", Contact members 244 and 246 are mounted on
rod member 240 on either side of flap member 46' and posi-
tioned to urge the valve into cne or the other of its sealing
positions to divert the water flow W, In operation, as the
cleaner 10 approaches the sidewall, resilient tip member 242
contacts the wall and rod 240 is moved to the left in FIG. 14
until confact member 244 reaches flap 46" and moves it to the
right. When the lefi-hand wheel 30 reaches the wali, the
movernent of rod 240 ceases and flap 46' is seated. With water
W exiting discharge condnit 441, the cleaner moves away
from the wall with acfuating rod 240 extending beyond the
periphery of the cleaner and positioned to contact the oppo-
site wall, where the process is repeated.

In another preferred embodiment, the flap 46 is moved by
electro-mechanical means, e.g., a linear or cixcular solepoid,
As schematically illustrated in FIG, 1B, a circular solenoid
260 having power cord 261 is mounted on the exterior of
valve housing 42, The axdally rotating element 262 of sole-
noid 260 engages flap 46. In one preferred embodiment, the
IC controller for the cleaner sends a signal to activate the
solenoid moving the flap 46 to its opposing position. It will be
understood that the force of water stream W will seat flap 46
in the reversing position.

FIG. 8 illustrates the jet valve assembly as described in
FIGB. 1-3 or: which additional directional flow elbows 120R,
1201. are secured to the terminal ends of the discharge con-
duits 44R, 44L. The assembly 40 can be produced with
elbows 120 ag an integral unit from molded plastic, cast
alvmirum or other appropriate materials.

Thewater jet discharged from the elbow 126 at an angle “a”
to the translational plane of movement of the cleaner 10
produces a force vector component in a dowrnward direction
towards the wheels 30 as well 25 a translational force vector
tending to move the cleaner across the surface being cleaned.

FIG. 9 illustrates the especially preferred location and ori-
entation of the jet valve assembly 40 of FIG. 8 in relation to
robotic cleaner 10 {shown in phantom.} In this embodiment,
the discharge conduits 44, through their associated slbows
120L and 120R (alsoreferred to generally as “elbow(s)" 129),
project through the sidewalls of Lousing 12. In a fuuther
preferred embodiment, the elbows and valve housing 42 are
integrated into the molded housing 12 which is produced
from an impact resistant polymer. With further reference to
the arrow “VR™ indicates the resultant vesior force produced
by the expelled jet stream, the angle “a” of which is critical to
the proper movement of robot 10 while on or off the vertical
or angled side wall of a pool. As shown in FIG. 9, the pro- -
Jjected resultant vector “Vr™ crosses the horizontal or transle-
tional plane between the axles 32, and preferably in closer
proximity to the front axle, where the front axle is defined by



Case 1:12-cv-09342-TPG Document1 Filed 12/21/12 Page 30 of 37

US 8,273,183 B2

11

the direction of robot’s movement as the leading axle. Pro-
viding an angle that places the line of resultant vector “Vr”~
between the axles assures the stable operation of the cleaner.

In addition to providing a more compact and damage resis-
fant construction, incorporation of discharge valve 40 into
housing 12 reduces the number of separate parts required for
the practice of the invention, thereby reducing costs. In this
regard, use of a source of pressurized water from external
source as specifically illnstrated in FIGS. 12-14 (and which
can be applied to all of the other embodiments described)
eliminates the pump and motor assembly 60 resulting in
further cost and material savings, as well as a reduction in
operating and maintenance expenses, Moreover, by incorpo-
rating the valve assembly 40 in the interior of housing 12,
other elements conventionally atfached to the exterior of
cleaners of the prior art can confinue o be used, e.g,, floating
handles that control the alignment of the unit on the sidewali
at the water line of the pool.

FIG. 10 illustrates a jet valve assembly similar fo that of
FIGS. 1-3 that is mommted upside down in a robotic cleaner
(shown in phantom). In this embodiment the motor aperates
two propellers, one located at either end of the drive shafi. The
upper propeller S8A creates a downward force, which when
coupled with the horizontal or franslational jet force emitted
from discharge conduit 44R or 44L, produces a resultant vec~
tor R (V) that can be set in the proper angle by selecting the
appropriate size for the upper propeller. In this embodiment,
directional elbows are not required to provide a downward
hydrodynamic force vector to urge the apparatus into contact
with the surface to be cleaned.

FIG. 11 illustrates & jet valve assembly 40 that is mounted
in cleaner 10 in a horizontial position, permitting a low profile
for the cleaner housing 12. In the embodiment shown, the
housing 12 is supported by large diameter wheels 30 and the
axles 32 are positioned above valve assembly 40. As a result
of the low center of gravity of the unit the discharge of the
propelling force of the water jet can be limited to the hori-
zontal or translaticnal direction. The large wheel diameter
allows the unil to traverse uneven surfaces.

FIG. 12 illustrates a jet valve assembly 40 which is con-
nected to an external purnp (not shown) by 2 flexible hose 152
attached to housing adapter 150 and therefore reguires no
internal pump motor. The hose 152 is secured to the rebotic
cleaning apparatus by means of a housing adapter 150 form-
ing a discharge outlet (e.g., a swiveling efbow joinf) 154 to
allow unimpeded movement of the robotic cleansr and to
prevent twisting of the hose 152. The housing adapter 150 is
tubunlar and iachides the discharge outlet 154 for discharging
a pressurized stream of water from the external pump into the
jet valve assembly 40, The jet valve assembly 40 directs the
pressurized stream of water through one of the opposing ends
(ie., openings} of the directional condnii 44 to propel the
cleazer in a forward direction. The switching of jet valve is
accomplished by a sclenoid valve (not shown) instalied in-

line pear the external pump. Cleaners using this external 3

pump system do not have filter bags 1o collect debris. Rather,
the jet owutlet is deflected slightly downward toward the sur-
face being cleaned by directional flow elbows 120R, 1201 so
that the water jet turbulence stirs up the debris from the
bottom or submerged surface of the pool or tank; once buoy-
anl, the debris is filtered by the pool's permanent infernal
filter system. Generally, outside filtering systems have nut-
tiple inlets to the poel, one of them usually is equipped with a
fitting so fhat flexible hose 152 can be connected to it. Utiliz-
ing this embodiment of the invention, am owtside filter system
becomes much more efficient since it is able to filter not only
floating debris from the water’s surface, but also debris dis-
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lodged from the bottom or submerged surface of the pool or
tank. To assure the dewnward directed jet streams do not fiip
the cleaner, supplemental weight member 156 is added to the
bottom of the apparatus to maintain an overall negative buay-
ancy. The weight member can be one or more batteries for
providing power to cleaner 10 where the pump is powered by
an internal motor, as in FIGS. 1-11.

FIG. 12A illustrates a bi-axial flow diverter 124 attached to
discharge conduit 44 for use with the robot of FIG. 12. It is
desirable for ease of handling not to add additicnal weight to
the cleaner. Instead of adding weight 156 (as shown in FIG.
12), each opposing end or opening of the discharge conduit 44
in this embodiment is provided with flow diverted with at
least two channels 126 and 128 shaped so that part of the
emitted water is directed downward at a relatively shallow
angle via the first charnnel 128, while the other portion of the
stream is directed upwardly at greater angle to the transla-
tional plane via the second channel 126. The combined force
of the two streams resulis in a vector R (see, e.g., vector V; of
FIG. 10) that urges the robot against the surface on which it is
moving.

FIG. 13 illustrates a robot of construction similar to that of
the cleaner of FIG. 12, where an external pump is used to
provide a pressurized streamn of water to the cleaner via the
discharge outlet 154 of the housing adapter 150, Further, the
jet valve assembly 40 with its flap assembly 46 (see FIGS. 1A
and 1B) can be used to control the direction in which the
pressurized stream of water lows through the conduit 44, or
44, to propel the cleaner. This embodiment is further
equipped witha coarse filter medium 172 (shows in phantom)
and means 176 1o dislodge debris from the pool surface so that
it can be drawn into the filter 172. The open ends of the
discharge conduits 44 (i.e., individually shown as discharge
conduits 44, and 44,) are each fited with a first end of an
expansion sleeve 190 that has an inside dimension (e.g., inner
diameter) that is larger than the outside dimension(s) {e.g.,
outer diameter) of the discharge condnit 44. The opposing end
of each expansion sleeve 190 forms a discharge opening 196
from which the discharged water jet is expelled lo propel the
cleaner. The gap 182 formed between the conduit 44 and
sleeve 190 creates a path through which water is drawn by the
ventur: effect, which is created as a result of the sudden
increase in volume of the fiow path and corresponding pres-
sure drop. This pressurs drop creates a negative pressure
inside the robot housing 12 so that the jet steeams that con-
verpe under the surface 184 of the cleaner are able to 1ift
debrisand carry i through the intake port 186 and into contact
with the robot's filter inedium 172. The jet streams are tapped
off the inlet side of valve assembly 40 by hoses 178 connected
1o a transverse manifold 180 atthe front and back af the robot.
The manifold 180 has multiple openings 175 that extend
across the [ull width of the robol’s hovsing so that (he jet
cleaning streams impinge on the entire surface to be cleaned.

FIG. 14 illustrates another embodiment of the invention in
whichthe cleaning robot is operated by an external ppmp (not
shown). As shown in the cross-sectional view, the cleaner is
provided with two external coarse filter or collector bags 173
that are secured to the outlets of the venturi chambers 192.
Outlet jets 194, fed by hoses 193, are positioned in the cham-
bers 192. Water issuing from jets 194 creates a low pressure
zone drawing up water and loose debris from beneath cleaner
10, the debris being retained by filter bag 173, The chambers
are connected to the intake side of the jet valve housing 44,

FIG. 15 illustrates a robot that is equipped with a plurality
of auxiliary wheel or rollers 30" along the bottom or sidewalls
between the supporting wheels 30 at either end of the cleaner
10. The auxiliary wheels can be mounted for free rotatior on
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the housing 12 or external side plate. This configuration pre-
vents the robot from being immabilized on a fnunp or other
vertical discontinuity in the bottom surface of the swimming
pool or tank being cleaned.

FIG. 16 illustrates a robot similar to that of FIG, 15, but
instead of wheels or rollers, the bottom edges of the robof’s
side walls 12 or side plafes 15 facing the pool surface are
provided with Teflon* or other low-friction engineering plas-
tic strips 201 so that the apparatus slides along on the bottom
edges.

FIG. 17 illustrates another embodiment of the robot that is
equipped with “immobilization” means. These means com-
prise two idling wheels 204, 206 connected 1o cach other by
a belt 208, It should be noted that although the so-called
“immobilization” devices generally are installed on opposing
sidewalts of the robot, there are instances in which it is desir-
able to equip the robot only on one side. This will result in
random turning of the robot in one direction or the other
whenever it goes over a hump as shown in FIG. 15.

FIG. 18 illusirates a cleaning robot with two water jet valve
assemblies to which are aftached divectional flow elbows 120.
In addition, there are a plurality of pumps having outlets 220
to inereasethe vacuurn effect and cleaning bility of therobot.
The multiple jet valve system is especially suited for remote
control operation, since each jet valve can be controlled inde-
pendently. As illustrated, the robot is equipped with rollers
30; however, wheels can also be used with this embodiment.

Vertical Pivot Axis

FIG. 19 illustrates a conventional fixed spring-loaded cyl-
inder assembly 330 of the prior art which is activated by
hydraulic force supplied by a pump motor (not shown) via
hose 342, the timing of which is controlled electronicaily,
e.g., by a pre-programmed integrated circuit device 344.
When, the hydraulic force is applied, the piston 346 moves to
engage the surface causing the cleaner to pivot about the axis
of piston 346, Use of this device produces random motion by
the cleaner.

FIG, 20illustrates a robot that is equipped on one side only
with a cylinder assembly 300 that is free to rotate longitudi-
nally towards both ends ofthe cleaner. The assembly’s upper
end 302 is pivotally mounted at 304 on the side of the robot at
aposition that is transversely displaced from the central lon-
gitudinal axis of the apparatus. At the lower end of the cyvlin-
der 300, a spring-loaded piston 306 extends downwardly
toward the bottom of the pool. Bach time the robot reverses its
direction, the cylinder assembly 300 applies a transitory fric-
tional braking force to the motion of the rebot on cne side
which results in a pivoting action about the vertical axis of the
piston and the repositioning of the longitudinal axis of the
apparatus. This braking action lasts until the piston 306 is
pushed into the surrounding cylinder 308 far enough to allow
the cylinder assembly 1o pivot past its vertical position. The
rate at wlhich the piston moves can be controlled, e.g., by an
adjustable valve 310 at the top of the cylinder. In the practice

of this embodiment of the invention, the robot can have 3

wheels mounted on fixed axles in parallel relaticn and still be
able to scan the bottom surface of a rectangular pool.

FIG. 21 illustrates a robotthat is cquipped with an arm 320
pivotally mounted on one side of the clemner heusing at a
position similat to that of FIG, 20, but which engages the pool
boftom when the cleaner moves in onty one direction. The
lower end of arm 320 is arcnate, e.g., shaped as a segment of
acircle, the center of which coincides with the pivot point 324
of the arm. A cylinder assembly 322 similar to fhe one
described in FIG. 20, but without the spring, is pivotally
linked to the arm at 323, However, the piston 326 is free to
move in one direction only; movement in the other direction
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is controlled by an adjustable valve 310. When the robot
changes direction, only every second time does the cylinder
assembly apply a frictional braking force {o halt the forward
motion of the robot. Use of this apparatus and method of
operation produces a scanning pattern for the cleaner that
which consists of alternating perpendicuiar and angular paths
with respect to the sides of a rectangular pool. In poels where
the robot climbs the vertical side walls, the braking or pivot
arm will continue to pivot while on the wall (due to gravity) as
shewn in phantom, so that when the robot comes off the wall,
the arm will not immediately touch the bottom of the pool. In
this mede of operation, a few seconds will pass before gravity
pulls the arm 320 down to make contact with the botiom
surface of the pool. The robot will move horizontatly for a
short distance before it changes direction by pivoting around
the pivot arm.

FIG. 22 illustrates yet another embodiment in which pivot
arm 330 extends in a downward direction to make contact
with the bottom floor of the pool to provide a frictional brak-
ing force in both directions of movement and a pivot axis on
one side of the robot 10. This mechanism works similarly to
that of FIG. 20, and is relatively simpler and less expensive. A
friction pad 334 is attached to adjustment means 332 which
permits the frictional contact between the pad 334 and end of
pivotarm 330 to be varied to thereby control the pivoting time
that the opposite end of sald arm is in contact with the pool
surface and before disengagement of the pad and pivot arm.
The friction pad can be a directional resistance material that
is, greater resistance is provided in one direction than in the
other.

As shown in FIG. 23, the open end of one or both of the
outlets of the discharge conduit or directional flow elbow iz
provided with internal flow diverter means 550, Infernal dove
tail configuration 35 has an outwardly tapered throat and is
provided with adjustable diverter flap 554 in the discharge
flow path that directs the flow of water to one side or the other
of the outlet 120. As more clearly shown in the cross-section
view of FIG. 24, the dove tail outlet is provided with diverter
[ap positioning means 356, e.g,, two set screws to adjust the
position of the diverter flap 554. The cross-sectional area of
the efbow when the diverter means is positioned at one side or
ihe other is about the same as the area of the discharge conduit
128, i.e.; there is no restriction of the flow, or increased hack
pressure. By having the water jet exit angularly to the left or
ta the right of the longitudinat centerline, the robot will follow
an arcoate path in one direction or fae other. The radius of the
arc can be controlled by the adjusiable positioning of the
diverter flap 554. The cleaning apparatus of this ersbodiment
can also be set fo operafe in a more tandom manner by
retracting the adjusting screws 556 to allow the diverter flapto
pivot freely from left or right each time the water jet impacts
it. A manually adjustable flap 554 enables the user to change
its posttion from time to time in order to unwind a twisted
power cord, should that cccur.

FIG. 25 ilustrates another method by which a scanning
pattern is achieved withowt changing the position of the
wheels or the axles. The jet valve assembly 40 is positioned
off-center of the central longjtudinal axis “L” of the cleaner
10 1o thereby produce movement in a semi-circulator other
curvilinear pattern.

FIG. 26 {llusirates another embodiment in which a scan-
ning movement is achieved by providing the exterior of the
housing 12 with 2 configuration that presents an asymmetri-
cal hydrodynamic resistance fo movement through the water.
In the specific embodiment illustrated, the unequal hydrody-
namic resistance is effected by adding a resistance flap 360 to
one side of an otherwise symmetrically designed robot hous-
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ing 12. The water resistance causes the robot to curve to the
left or right. If the resistance means is pivotally mounted at
362 as showx, the robot moves straight in one direction and
assumes a curved path in the other. A plurality of flap position
members 364 are provided for adjusting the stop position of
pivoting flap 360 to thereby vary the resistance. The asym-
metrical hydrodynamic resistance can also be achieved by
integrally molding the housing on one or both ends so that it
presents unequal hydrodynamic resistance during movement.

Power Cord Swivel Connector

In order to reduce or eliminate interference with the scan-
ning pattern of the cleaner associated with twisting and coil-
ing of the floating power cord 70 as the cleancr repeatedly
changes direction which resalts in the tethering of the cleaner,
another embodiment of the invention comprehends a swivel
or rotatable connection at a position along the power cord, or
between the power cord and the moving cleaner.

Withreference to FIG, 27, there is schematically illustrated
a cross-sectional view of the upper sueface 16 of housing 12
provided with an aperture 78 adapted to accommodate socket
portion 82 of electrical swivel connector socket 80, Socket 82
is fabricated from dielectric material 83 and is provided with
electrical contacts 86a and 88« which in turn are joined to
female plug 90 by conductive wires 89. Plug 90 is adapted to
mate with male plug 92 which terminates electrical wire 93
from the motor (not shown. }

With forther reference te socket 82, a groove 94 is provided
proximate the open end to receive an o-ring 96 or other means
for sealing the socket and locking the plug or jack portion 84
into secure mating relation, Jack 84 is comprised of insert
member 98 fabricated from dielectric material, and electrical
contacts 865 and 885 that are adapted to be received in sliding
contact with corresponding elements 864 and 88« in socket
82. Insert member 98 is also provided with a groove or annu-
lar recess 99 that is adapted o engage ring 96 in fluid-tight
sealing and locking relationship when jack 84 engages sockst
82. It will also be understood that different or additional
means can be provided to secure the mating sections 82 and
84 together that will also permit them {o rotaie when mated.
Insert member 98 is secured in water-tight relation to right
angle member 100, preferably fabricated from a resilient
dielectrical material, through which are passed a pair of elec-
trically conductive wires (not shown) from power cord 70 that
terminafe, respectively, at conduciors 865 and 865. Right-
angle jack member 180 is alse constructed with a plurality of
flexure members 102 about its periphery in order to provide
additional fexibility between the housing connection and the
power cord 70 during operation of the cleaner, Tt will be
understood that the right-angle jack member 100 will freely
swivel in the opening of socket member 82 in response to a
force applied by power cord 70. Thus, the power cord 70
remains free of coils, does not suller any effective shortening
in its length and therefore does not exert any tethering
restraining forces on the cleaner that would adversely effect

the ability of the cleaning apparatus to freely {raverse its path. 3

With reference to FIG. 28 there is shown a second embodi-
ruent of an electrical swivel conrector for joining the power
cord 70 1o the motor electrical wire 93 via elements as
described above in connection with FIG. 27. Tn the embodi-
ment iilustrated, a straight-line swivel is comprised of socket
memmber 82 and plug member 85, the former being joined by
a short leagth of power cord 91 extending through restraining
gasket 79 secured in opening 78" in a sidewall of cleaner
housing 12. The two sections of the swivel connector are
securely joined together in rotating relationship as described
above with reference to FIG. 27, As the cleaning apparatus
moves about the pool surfaces, the socket 80 moves in
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tesponse to the tension transmitied through power cord 76
and any iwisting or torsional forces are dissipated by the
retation of plag 85 in socket member 82. The power cord
therefore does not form: coils, or otherwise have its effective
length reduced, and does not stop adversely effect the move-
ment of the cleaned.

In ancther preferred embodiment of the swivel connector,
a permanent in line or straight connection between two sec-
tinns of power cable 7# is provided by 2 connector permitiing
angular displacement between-its elements. As illustrated in
FIG. 29, connector 104 comprises a rigid non-corroding fer-
rule 105, which can be in the form ofa length ofpolymeric or
stzinless steel tubing that extends between waterprooftubular
Janction members 106, 106' that also receive opposing cable
ends 70. One of the junction members 106 contains electrical
connector jack 107 and plug 108 which are axially rotatable
with respect to each other. A conductor pair 109 of cable 70
are permanently joined to the adjacent terminals of jack 107
and secured in place within junction member 106, e.g., by a
plug of flowable epoxy resin 110 or other potting material that
hardens after the elements have been assembled.

With further reference to TIG. 29, a pair of cenductors 111
extending from the rear of plug 108 extend zxially throngh
ferrule 105 and a2 bushing 112 is placed on fermle 195 to
engage the rear shoulder of jack 168. Tn a preferred embodi-
ment, the ferrule end is flared and the adjacent surface of
apnular tushing 112 is shaped tc receive the ferrule. The
junction member confaining the connector jack and plug is
completed by securing on tubular tnember 106, cap 113 hav-
ingacentral orifice into which is secured axial seal 114 which
passes over ferrule 105 and permits rotation of the ferrule in
water-tight relation. The assembly of the adjoining junction
member 186 is completed by joining conductor pair 111 to
the conductor pair 109 of cable 70 and filling the end with
foweble epoxy resin 116 and installing cap 113'. When the
epoxy or other potting compound has set, it will be under-
stood that the two ends of cable 70 are permanently joined and
that ferrule 105 has been secured fo junction member 106 in
water-tight relation and that plug 108 is free to rotate with
respecttojack 107 and the assembly of junction member 106,
In this embodiment, the swiveling or rotatable connector
assembly 104 is positioned appraximately thres meters from
the cleaner to reduce the Jikelihood that the user will lift the
cleaner from the pool using a section of the power cable that
includes the connector.

As schematically illustrated in FIG. 30, any twisting or
torsional forces transmitted by the movement of the cleaner
10 through the attached length of power cord 70 will be
dissipated by the rotation of member 106. .

It will also be understond by one of ordinary skill in the art
that various other mechanical constructions can be provided
that will permit refative rotation between adjacent sections of
the power cable, cne end of which is attached fo the cleaner
and the other fo the external fixed power supply fo thereby
eliminate the known problems of cable twisting, coiling and
tethering that adversely effect the desired scanning patterns or
random mation of the pool cleaner,

Axle Crientation

By way of background, the series of FIGS. 31A and 32A
are represeniative of the prior ars, FIGS. 33-44 schematically
illestrate in plan view the apparatus and methods embodying
the invention to control the mavement of a swimming pool
cleaning rohots 10 fo produce systematic scanning patterns
and scalloped or curvilinear patterns, and to provide con-
trolled random movement on the bottom surface of pool. The
corfignrations will provide one or more of the above three
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mentioned movements. The cleaner can be propelled either
mechanicaily or by a discharged jet or stream of water,

In the prior art arrangement shown in FIG. 31A, an offset
extension member 400 is secured to one end of housing 12 at
a position thatis displaced laterally from the longitudinal axis
“L.” of the cleaner and which causes the robot to positionitself
angularly in relation to vertical swimming pool wall 401
(shown in phantom. ) When the robot 10 reverses its direction,
it travels at an angle “b” away from the side wall 401, When
cleaner 11} contacts the opposite side wall 403, the robot’s
body again pivots and comes to rest in a position where its
longitndinal axis “L" is at a 90 degree angle to side wall 403.
The resulting scanning pattern is illustrated in FIG. 31B.

In the prior art configuration of FIG. 32A, a second offset
extension member 402 is added to the housing opposite
extension member 400. The scanning pattern provided by two
opposing extension members is generally shown in FIG. 32B.
The 90 degree pivoting tums oceur in both a clockwise and
counter-clockwise direction.

In accordance with the improved method and apparatus of
the invention, separate members projecting from the front and
rear housing surfaces are eliminated, and in one preferred
embodiment, at least one supporting wheel, or track, or roller
end, projects beyond the periphery of the cleaner in the direc-
tion of movement o contact a vertical side wall or ather poo]
surface.

In the preferred embodiment of FIG, 33, one of the wheels
382 is mounted so that it projects forward of the housing 12 as
a pivot point and thereby causes the same angular alignment
between the robot 10 and swimming pool wall 401, as the
apparatus of FIG. 31, and produces a scanring similat to that
of FIG. 31A. With further reference to FIG. 33 iz a ball-
shaped side extension 404 termiinating in tip 406 formed of
resilient, sofi rubbery material which, when it comes in con-
tact with the end wall of pool 405, 407, canses the trobot to
make a 90 degree pivoting turn, indicated tum by arrow in
F1G. 31B. Asthe pattern shows, every timethis 90 degree turn
occurs the cleaner turns in a clockwise direction. It wifl be
understood (hat if the side projection member 406 had been
placed at the upper left side of the housing 12, the 90 degree
turns would have been counter-clockwise.

In the embodiment of FIG. 34 two opposing wheels 304,
300 at the left side of robot 10 are mounted forward of the
periphery at their respective ends of the cleaner to provide a
translational pivot axis. This configuration creates a scanning
pattern similar to that shown in FIG. 32B. In this embodi-
ments of FIGS. 31A to 34, the wheels are individually rotat-
able and their axles are stationary. With this embodiment,
power cable twisting is not a problem.

With reference to the embodiment of FIG. 35, a pair of
wheels 30c is mounted on caster axles pivoted for limited
pivoling movermnent defining an arc in the translational plane
passing through the center of the wheels. The axles and
wheels 30c swivel so that when the robot moves in the direc-

tion opposite the caster monnts, all fowr wheels are parallel 3

with each other along the longitudinal axis ofthe rebot, When
the robot moves in the opposite direction, ie., the caster
wheels lead, the caster wheel axles swivel or pivot to a pre-
determined angle, which angle can be adjustable. The robot
scans a rectangular pool in a manner shown in FIG. 35A,
where the path is curvilinear in one direction and straight in
the cther. The angular arc can be up to about 15 degrees from
the normal, and are preferably adjustable to account for the
pool dimensions.

In an embodiment related to that of FIG. 35 (but not
shown), all four wheels are caster mounted, the opposing
pairs being set for angular displacement when the cleaner
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moves in opposite directions. That is, depending on the direc-
tion of the robot’s movement, when one pair of wheels are at
an angle 1o the robot’s lengitudinal axis the opposite set of
wheels are paralle] to the axis “L.”, and vice versa. The scan-
ning pattern would be as illustrated in FIG, 35B.

In the embodiment of F1G. 38, the transverse axlas 32 are
mounted in an angular refation to each other so that the wheels
on one side of the cleaner are closer together than those on the
opposite side. The scanning pattern is as ilhistrated in FIG.
5B.

As shownin FIG. 37, one end of one of the axles is mounted
in a slot so when the robot moves one direction it follows a
curved path, and when it moves in the opposite direction (i.e.;
where the slot is in the rear of the eleaner) the robot follows a
straight line. (The pattern is shown in FIG. 35A).

In the embodiment of FIG. 38, the wheel axles are parallei
to each other and nornmal to the longitudinal axis “L” of the
robot, and the wheels 305 on one side of the cleaner are
smaller in diameter than the wheels on the oppaosite side. The
scanning pattern is as illustrated by FIG. 35B.

As shown in FIG. 39, all four wheels of the robot 10 are
caster mownted, and all four wheels move together to be either
pazallel to the robot’s axis, or at an angle to the axis “L.”,
depending on the direction in which the robot moves. The
scanning pattem is as shown in FIG, 31B. The angular dis-
placement can be up to 45 degrees, since all four wheels are
moving in paraliel alignment.

In FIG. 40, the four wheels are movnted to swivel in uni-
son, and move as in FIG. 39. When the wheels are rotated to
their extreme {ie., maximum) pesitions, they are angular to
the robot’s body, but symmetrical to each other. This arrange-
ment provides a scanning pattern as shown in FIG. 32B.
Again, the angular displacement of the caster wheels can be
up 1o 45 degrees in both directions from the normal. It will be
understood that the longitudinal axis of cleaner 10 will be
perpendicular to the wall it contacts.

Asalso illnstrated in FIG. 40, both longitadinal sides of the
clemner 10 are provided with at least one projecting member
404. As will be described in more defail below, the pivoting,
function of side-extending pivot contacts as represerted by
the specific embodiments of elements 404, can also be effec-
twated by elements projecting from the external bubs oftwo or
more of wheels 30 (see e.g., FIG. 43), or the side wall surfaces
of cover 12 (see, ¢.g., FIG. 18) or other side peripheral struc-
ture of the cleaner 10. The transverse projection of such
elements is determined with reference to their longitudinal
positien and the shape or footpriat of the peripherai projec-
tion of the cleaner on the pool surface. For examyple, a side-
projecting frictional pivot member located atthe leading edge
of a generally rectilinear cleaner will require less projection
than a single member of FIG. 33 that is located mid-way
betweexn the ends of the cleaner.

InFIG. 41, both axles are mounted in slots 320 on one side
of the unit so that the wheels adjacent the slots can slide up
and down to be either parallel to the robot’s longitudinal axis,
or at an angle thereto, depending on the direction of move-
ment of the cleaner, This zrrangement produces the scanning
patiern of FIG. 31B.

In the embodiment of FIG. 42, the axles swivel in larger
slots 320 to achieve angular positioning of wheels 1o the
robot’s body in both exireme positions, but in symmetrical
fashion, with a resulting scanning pattern as shown in FIG.
32B.

Fromthe above description, it witl beunderstood that when
operating in & rectangular pool or tank, the embodiments
shown in FIGS. 39-42 allow the robot to move parallel o the
swimming pool’s end walls, even when it travels other than
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perpendictlar fo the sidewalls. In other words, the correct
scanning pattern does nof require an angular change in the
alignment of the robot’s body caused by a forceful contact
with a swimming pool wall as with the prior art. This is
particularly important where a water jet propulsion means is
employed, because as the filter bag accumnlates debris in the
jet propuision system, the force of the water jet weakens and
the force of impact lessens, so that the robot’s body may not
may not be able to complete the pivoting action required to
put it into the correct position before it reverses direction.
This s especially true in Gunite or other rough-surfaced pools
in which a robot with even a clean filter bag may not be able
to pivot into proper position because the resistance or fric-
tional forces between the wheels and the bottom surface of
poel may be too great fo allow the necessary sideways stiding
of the wheels before reversal of the propelling means oceurs.

As shown in FIG, 43, one of the axles is mounted in slots
320 that permit it 1o move longitudinatly at both ends. This
longitadinal sliding motion is restricted by one or more repo-
sittonable gnide pins 330. These pins allow the user to adjust
the angular positioning of the axle to accommodate the width
or other characteristics of the pool. By reversing the position
of the pins on both left and right sides, the robot will follow a
pattern which is similar to that shown in FIG. 35A. This
method of operation will also unwind a twisted ceble.

‘With firther reference to FIG. 43, there are shown mounted
on the ends of axles 32 or hubs of wheels 30 side projecting
pivot member 200. These members serve the same function

and can be constructed of materials as described with refer- 3

ence to side projecting members 404 as described in connec-
tion with FIG. 33, above. Pivot member 200 can be mounted
on one or both sides of the cleaner 10 to engage the sidewall
of the pool and cause the cleaner to pivot infe that wall.

In FIG. 44, both axles are mounted in slots permitting
longitdinal movement at both ends. This will allow the robot
with proper positioning of the guide pins to advance in a
relatively small circular pattern in one direction and #n a
slightly larger one in the other.

It i5 to be noted that the odd-numbered embodiments of
FIGS. 31 to 44 illustrate devices which tum only one way
when they make 90 degree pivoting turns, and that the
embodiments of even-numbered FIGS. Z to 14 tm both
ways. Simply put, when the robot scans in an asymmetrical
pattern, such as in FIGS. 1A, 3, 5, 7, 9, 11 ard 13, it turns
either clockwise or counter-clockwise; when the robot scans
ina symmetrical pattern, suchas in FIGS. 2, 4, 6, 8,10, 12 and
14, it tarns in both directions. The two main categories are in
relation to their movements. Within these principal catege-
ries, there are variations where straight-line movements are
replaced by curved paths, e.g., in FIG. 20, or the two are
combined, e.g. in FIG. 18.

It is relatively easy to clean a rectangular pool in any
systematic scanning manuner as shown above, but it ts more
difficulf o clean an irregularly-shaped pool. Applying the
methad and apparatus of the inventior. and using the gnide
pins set as described above, the robot can scallop a free form
pool in a systematic manner as shown in FIG. 46.

F1G. 45 shows the six different arrangements in which each
wheel 32 can be positioned. By pressing the appropriate pins
330 down or pulling them vp, the wheel axle 30 can be placed
in three stationary positions: outside, center and inside. Tt can
also be placed in three sliding positions outside to inside;
outside fo center; and center to inside. Since there are four
wheels, the total combination of positions of these wheels is
1296 (6 to the 4th power) which provides a total of 361
differcnt scanning patterns.
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In a particularly preferred embodiment employing a trans-
verse axle 32 one-half inch in diameter, the axle supporling
members 353 are provided witk slots 320 extending 1.5
inches longifudinaily 1o receive the axle in slidable relation,
Bach slot is provided with a central lock pin 330 which can
optionally be withdrawn from the slot. This configuration
provides a sufficiently large number of combinations and
angular displacements of wheels and axles 1o cover essen-
tially all of the sizes and shapes ofpooels in common vse today.
The flexibility of this embodiment gives the user the ability to
select an optimum cleaning pettern for all types, sizes and
shapes of pools,

The embodiment illustrated in FIG, 47 provides an appa-
ratus and method that avtematically switches the positions of
two wheels when the scanning robot reaches the end of the
peol. Uniike the embodiments descrived above that provided
the rebot with means by which to turn 90 degrees clockwise
or counter-clockwise, this embodiment allows the robot to
maintzin its orientation in a rectangular pool that is parallel
with the swimming pool’s walls. Using this embodiment, the
power cord cannot become twisted or formed into tight ¢eils.
Merecver, a coarse surface having a high ceefficient of fric-
tion does not adversely effect desired scanning patterns. The
robot has two side plates 358 which are provided with hori-
zontal slots 352 to hold the ends of transverse axle 32, Pivot-
ally mounfted at pivot pin 353 on the inner side of the side
plates and overlapping the horizontal slots are two identical
guide plates 354, 354' each of which is provided with an
L-shaped slot 355 to freely accommedate Inovement of axle
32. Two levers 356, each of which is pivotally mounted atone
of its ends concentrically with the pivot point of each of the
gaide plates. The other end of each lever 356 extendsinta a 45
degree slot 358 provided in slidably mounted in wansverse
cross-bar 360, which cross-bar extends beyond the periphery
of a side wall of housing 12 a distance that is sufficient to
contact on adjacent pool wall, Bach ofsaid gnide plates 354 is
linked with its corresponding lever 356 through a spring 362,
said spring being secured to pins 364 protruding from said
guide piates and Jevers.

With respect 1o FIG. 48 A, which is a view taken along line
22-22 of FIG. 47, it can be seen that spring 362 is pulling
guide plate 354 counter-clockwise holding the longer vertical
leg of'the upside down L-shaped slot in position for the wheel
axle to slide freely.

With reference to FIG. 48B, which is a view taken along
line 23-23 of FIG. 47, # cen be seen that spring 362 pulls
correspording opposite guide plate 354" clockwise, locking
that end of wheel axle 32 into & forward stattonary position
relative to the opposite end of the axle.

During operation, as the cleaner approaches a pool side
wall that is generally parailel 10 the Tongitodinal axis of the
cleatier, the projecting end 360R of the slidably mounted
cross-bar cozes in contact with the swimming pool wall, and
the bar stides to the left, as indicated FIG. 49, This horizonts!
movement of bar 360 is translated into a vertical or lifting
force onlevers 356 viathe 45 degree slots 358 in bar 360. This
results inthe flipping of levers 356 to their opposiic side, This
movement causes springs 362 to pul} their respective guide
plates 354, 354' to the opposite pasition, locking the right end
ol the axie 32, while freeing up Lhe left end. Whils (his action
on the left end of axle 32 is instantaneous, the right end is not
lociced in position until the robot reverses direction, at which
time the right end of axle 32 slides into 2 frap provided by the
short leg of L-shaped slot 355 in guide plate 354. Using this
apparatus, the cleaner 10 continues to travel back and forth
betweer: the same end walls of the poal but over g different
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reverse path that is determined by the angular displacement of
the wheels and/or axles, thereby assuring cleaning of the
entive surface,

FIG. 50 illustrates another embodiment of the invention in
which pool cleaner 10 is provided with a plurality of rolling
cylindrical members in place of wheels. The lang cylinder
504 is driven at one end by a flexible chain belt 510 at presses
around sprocket 512 attached to an electric motor or water
turbine drive shaft (not shown.) A pair of shorter rollers 502,
504 is movnted on transverse axle 506. As schematically
illustrated, the right end of axle 506 is free to move longitu-
dinally in slot 508 provided in axle support member 520. The
use of a drive chain and sprocket allows for changing align-
ment of supporting axle 506 and eliminates problems of ten-
sioning and resistance fo movement associated with timing
belts used by the prior art. A cleaner constructed in accor-
dance with this embodiment will exhibit a scanning pattern
similar to that of FIG. 32B.

FIG. 51 schematically illustrates a robot 18, which uses a
pair of drive belts or chains 5104, 5105 to power two cylin-
drical members 500, 501. The right end of axle 506 is free to
move inslot 310 provided in axle support metnber $20 and the
opposite end of axle is provided with a universal joint 522
which in turn is attached to a driven pulley or sprocket 512.
The scanning pattern of this unif is also similar to the one
shown in FIG. 32B.

With further reference to FIGS. 50 and 51, there are shown
side projecting pivot members 2082 secured to the exterior of
side sapporting member 520. Similarly, pivot members 202
can be secured to the opposite side, e.g., on housing 12, or
other outhoard supporting member to provide a point of ftic-
tional engape with a sidewall of the pool to effect a pivoting
turn of the cleaner into the wall where it is properly oriented
for eventual movement away from the wall, e.g., npon revers-
ing of the cleaner’s water jet or other drive means.

It will be understoed that in the apparatus of FIGS. 31-44
the wheels mounted on transverse axles can be replaced with
cylindrical rofler members of the types illustrated in FIGS. 50
and 51.

In determining the optimum angular displacement of the
axles and caster mounted wheels, it will be undersiood that
the length of the longitudinal slots provide a practical limita-
tion cnthe angle ofthe axle, while the caster axles canprovide
a greater angular displacement for the wheels. The angular
displacement of the coaster wheel axles can be up from 20
degrees fo 45 degrees from the norma! and are preferably up
to 10 degrees, the most preferred being 1p to about 5 degrees
from the zero, or normal Hne.

Auto-Reversal Sequence

One embodiment ofthe spparatus and method of the irven-
tion addresses problems associated with the immobilization
of the cleaner. The electronic control means of the pool
cleaner is programmed and provided with electrical circuits
o receive a signal from atleast one mercury switchofthe type

which opans and closes a circuit in response to the cleaner’s 3

movement from a generally horizontal position to a generally
vertical position on the sidewall of the pool ar tank. Theuse of
mercury switches and a delay circuit to reverse the direction
of the motor is well-known in the art. As will be understood by
one of ordinary skill in the art, a pool cleaner can become
immobilized by a projecting ladder or other structural feature
i the pool so that its continuing progress or scanming to clean
the remaining pool surfaces is interrupted. In accordance with
the improvement of the invention, the electronic confroller
circuit for the motor is preprogrammed to reverse the direc-
tion of the motor autematjcally if no signal has been gener-
ated by the opening (or closing) of the mereury switch after a
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prescribed pedod of time. A suitable pered of time for the
auto-reversal of the pump or drive motor is about three min-
utes.

This secquence ol program steps is schematically illustrated
in the flow chart of FIG. 52, where the time clock begins to
count-down a prescribed time period after the cleaner is acti-
vated. In a preferred embodiment, the timer can he manually
set to reflect the user’s particalar pool requirements. Alterna-
tively, the time clock can be factory-set for a period of from
about 1.5 to 3 minutes, If the mercury switch changes position
the time clock stops its couni-down and/or a delay circuit is
activated to allow time for the cleaner to climb the sidewall of
the pool, e.g., about 5-10 seconds. At the end of the delay
pericd, the drive motor is stopped and/or reversed to move the
cleaner down the wall, In the event the timer reaches the
prescribed time period without receiving a signal from the
mercury switch, a signal is transmitted fo stop and/or reverse
to drive motor. If the cleaner has been immobilized by an
obstacle, this timed aulc-reversing of the drive motor will
move the cleaner away from the obstacle to restune its scan-
ning or random mation cleaning pattern,

Power Shut-Off

The method and apparatus of the invention also compre-
hends the use of a power shut-off circait that Is responsive to
a signal or force that corresponds to a magnetic field. In cne
preferred embodiment, a magnet or magnetic material is
formed as, incorporated in, or attached to 2 movable element
that forms part of the cleaner, c.g., a non-driven supporiing
wheel or an auxiliary wheel that is in contact with the pocl
surface on which the cleaner is moving. One suitable device is
a reed switch that i3 maintained in a closed position (e.g.,
passing power to the pump motor} so fong as the adjacent
magnet is moving past at a specified roational speed, or rpm.
If the rotation of the magnet stops, as when {he cleaner’s
advance is stopped by encountering a sidewatl of the pool, the
reed switch opens and the power te the drive motor is inter-
rupted. In a preferred embodiment, the circuit includes a
reversing function so that the cleaner resumes movement in
the opposite direction and the reed switch is closed to com-
plete the power circuit until the unit again stops, e.g., at the
opposite wall.

In a further specific and preferred embodiment of the
invention, the cleaner is provided with an impeller that is
rotatable in response to movement throngh the water. One or
more ofthe impelter blades and/or mounting shaft is provided
with or formed from a magnetic material. A sensor is mounted
proximate the path of the moving magnet and an associated
circuit is responsive to the signal generated by the sensor due

. to the movement, or absence of movement, of the magnet, In

one preferred embodiment, the magnetic sensor circuit is
incorporated in the cleaner IC device that electronically con-
trols the pump moter, so that when the cleaner’s movement is
halted by a vertical side wall, the movement of the impeller
and associated magnetic material also ceases and the sensor
sends a signal through the circoit to intermpt power to the
pump mator. After a predetermined delay pericd, the pump
motor can be reactivated, in either the same or the reverse
direction, to cause the unit to move away from the wall. The
seme circuil can be employed (0 control a drive motor that
propels the drive train for wheel, track or rofler mounted
cleaners.

In another embodiment, the cleaner is provided with an
infrared (“IR”") light device that includes an IR source and
sensor and related control circuit that is responsive to a static
position of the cleancr adjacent a side wall of the peol or tank.
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When the retarned IR light indicates a static positicn the
circuit transmits a signal that results in the reverse movement
of the cleaner.

In a further preferred embodiment, the electric or elec-
tronic costroller circuit of the cleaner includes an “air sensor™
switch that sends a signal or otherwise directly or indirectly
interrupts the flow of water stream W when the sensor
emerges from the water. In one preferred embodiment the
sensor is a pair of float switches, one Tocated at either end of
the cleaner. When the cleaner climbs the vertical sidewall of
the pool, and the end with the air senscr emerges from the
water line, water drains from the float chamber and the switch
is activated to either directly interrupt the flow of electrical
power fo the pump motor, or to send a signal to the IC
controller to effect the immediate or delay interruption of
power to the pump motor. The same sequence of events
oceurs during operation of an in-ground pool of the “beach”
type design, where one end has a sloping bottom or side that
starts at ground level, Once the forward end of the moving
cleaner emerges from the water, the flow of water is inter-
rapted for a brief time and then resumed in the opposite
direction to propel the unit down the slope to continme its
scanning pattern.

As will be understood from the preceding description and
from that which follows, this aspect of the invention compre-
hends various alternative means for interrupting the flow of
the water jet. For example, if the pressurized water stream is
defivered via hose 152 from a source external to the cleaner,
e.g., the pool’s built-in filter pump, an electro-mechanicat
bypass valve (not shown) located adjacent the hose fitting at
the sidewsall of the pool can be activated for a predetermined
period of time to divert the flow of water from the hose
directly into the pool. When the flow of water W is imier-
rupted, the flap valve 46 of valve assembly 40 changes posi-
tion and the cleaner reverses direction when the flow W is
resumed.

Aswill be understood by one of ordinary skill inthe art, the
means of penerating signals directed to the confrol circuit can
also be combined. For example, an air sensor of the float type
can be combined with, or fabricated from a magnetic material
and installed proximate a magnetic sensor so that a change in
position of the float when it is no longer immersed in water
produces a signal in the magnetic sensor circuit.

The flow of water W can also be interrupted by a water-
driven torbine timer having a plurality of pre-set or adjustable
timing sequences. Forexample, a water-powered cam or step-
type timer in combination with a by-pass or diverter valve
located downstream i installed on the hose 152 from the
external source of pressurized water, As water Aows through
the hose, the timer mechanism is advanced to a position at
which the associated by-pass valve is actuated and the flow is
diverted into the pool for a predetermined period of time. The
turbine timer then advances to the next position at which the

by-pass valve moves to the main flow position to redirsct s

water to the cleaner, which now moves in the opposite direc-
tion. In this embodiment, the by-pass/diverter valve can com-
prise an adjustable pinch valve that compresses the hose to
interrupt flow to cleaner 10.

In another preferred embodiment, the rpms of the pump
and/or drive motor are monitored and if the rpm decreases
below a certain minimum, as when the impeller #s jammed by
a piece of debris that escaped the filter, the power to the pump
motor is interrupted. 1f the rpms exceed a maximum, as when
the unit is no longer submerged and the motor is running
under a no-load condition, the power is intermupted to both
punp and drive motors. This will constitute an important
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safety feature, where the cleaner is turned on while it is not in
the pool, either by inadvertence, or by small children playing
with the uni,

We claim:

1. A self-propelled cleaning apparatus for cleaning a snb-
merged surface of a pool or tank, comprising;

aheusing having a front portion as defined by the direction

of movement of the apparatus when propelled by a water
jet, an opposing rear portion and adjoining side portions
defining the periphery of the apparatus, and a baseplate
with at least one water inlet;

rotationaliy-mounted supports coupled proximate the front

and rear portions of the housing to enable movement of
said apparatus over the submerged surface:

awater pump mounted in the interjor of said housing, said

water pump being configured to draw water and debris
from the pool or tank through the at least one water inlet
tor filtering; and

a stationary directional discharge conduit in fluid commu-

nication with the water pump and having at least one
discharge opening through which a pressurized stream
of water forming the water jet is directionally discharged
at a predeterrnined angle that is acute with respect the
surface over which the apparatas is moving,

2. The apparatus of claim T in which the discharge condnit
is linear in shape.

3. The apparatus of claim 1, wherein a partion of the
discharge conduit ferminating in the at least one discharge
opening is fixed at & predetermined upward angle with respect
to the sutface over which the apparatus is moving, wherein
the water jet discharged produces a resultant force vector that
crosses a plane passing through between the axes of motation
of the front and rear rotationally-mounted supports,

4. The apparatus of claim 3 in which the resultant force
vector crosses the plane proximate the axis of rotation of the
supports mounted proximately the fronf of the apparatus.

5. The apparatus of claim 3, wherein the resultant force
vector discharged from said discharge opening includes &
longitudinal force vector component and a vertical force vec-
tor component, said longitudinal force vector component
being aligned with the longifudinal axis of the apparatus apd
being greater than the vertical force vecter component.

6. The apparatus of claim 1, wherein the discharge conduit
has at least two discharge openings, each of which discharge
openings 15 located at opposite ends of the discharge conduit
and each of which discharge openings is configured to pro-
duce a downwardly directed resultant force vector in the
respective discharged water jet, the resultant vector having a
longitudinal force vector component that is larger than the
vertical force vector component.

7. The apparatus of claim 1, wherein the rotationally-
mounted supports comprise first and second pairs of axjally
mounted wheels respectively positioned proximate the front
and rear portions of the housing.

8. The apparatus of claim 7, whereir a portion of the
discharge conduit terminating in the at least one discharge
opening is angled upward with respect to an adjacent portion
of the discharge conduit 1o produce a resultant force vector in
the water jel discharged from said at least one discharge
opening that is directed to pass through the plane of the axis
of rotation of the pair of wheels at the front partion of the
apparatus.

9. The apparatus of claitn 8, wherein the resultant force
vector discharged from said at least one discharge opening
includes a longitudinal force vector component and a vertical
force vector component, seid longitudinal force vector com-
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ponent being aligned with the longitudinal axis of the appa-
ratns and being greater than the vertical force vector compo-
nent.

10. The apparatus of claim 7, wherein each pair of wheels
is monnted on an axle extending transversely across the hous-
ing of the apparatus.

11. The apparatus of claim 10, wherein a portion of dis-
charge conduit adjacent the at least one discharge opening is
angled upwardly with respect to the discharge conduit to
produce a resultant force vector in the water jet discharged
from said at least one discharge opening that is directed to a
position that is proximate to, and rearwardly displaced from
the axle of the front pair of wheels.

12. The apparatus of claim 10, wherein a portion of the
discharge conduit terminating adjacent the at least one dis-
charge opening is angled upwardly with respect to the dis-
charge conduit to produce a resultant force vector in the water
jet discharged that is directed to intersect the axle of the front
pair of wheels.

13. The apparatus of claim 1 further comprising at least one
filter assemrbly positioned 1o filter water from the at least one
water inlet prior to its passage through the directional dis-
charge conduit.

14. The apparatus of claim 13, whereinthe at least one filter
assembly is mowyied within thehousing ofthe cleaning appa-
ratus.

15. The apparatus of claim 13, wherein the at least one filter
assembly iz mounfed externally from the housing of the
cleaning apparatus,

16. The apparatus of claim 1, wherein water drawn into the
at least one water inlet flows through a filter prior to its
discharge as the water jet to propel the pool cleaner in a
forward direction of movement.

17. The apparatus of claim 1 further comprising a water jet
valve located between the pump discharge cutlet and the at
least one discharge opening in the discharge conduit, the
water jet valve being operable between first and second dis-
charge positions to direct the water jet in generally cpposite
directions.

18. The apparatas of claim 17, wherein the pressurized
water stream discharged from the pump discharge outlet
vndergoes only one right-angle change of direction before
being discharged from the apparatus to move over the sub-
merged surface of the pool in a direction that is determined by
the position of the water jet valve.

19. The apparatus of claim 1, wherein a portion of the
discharge conduit terminating in the at least one discharge
opening is fixed at a predetermined upward angle with respect
to the surface over which the apparatus is moving, wherein
the water jet discharged produces a resultant force vector that
crosses a plane passing through the axes of rotation of the
front rotationally-mounted supports.
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20. A self-propelled cleaning apparatus for cleaning a sub-
merged stuface of & pool or tank, said apparatus being pro-
pelled by the discharge of a water jet, the apparatus compris-
ing:

a housing including a baseplate with at least one water
inlet, a fronf portion, a rear partion and opposing side
portions defining the periphery of the apparatus, said
front portion being defined with respect to the forward
directional movement of the apparatus when propelled
by the water jet;

rotationally-mounted supports coupled to the housing to
enable movernent of said apparatus over the submerged
surface;

a water pump mounted ia the interjor of said housing, said
water pump configured to draw water and debris from
the poot or fank through the at least one water inlet for
filtering, and a pump discharge outlet for emitting a
pressurized stream of filtered water;

a directional discharge condnit in fluid communication
with the pump discharge outlet, the discharge conduit
having at least one discharge opening through which the
wafer jet is directionaily discharged from the apparatns
at a predetermined angle that is less than normal with
respect to the surface heneath the apparstos.

21, A method for cleaning a subimerged surface of a poolor

tank, comprising the steps of:

providing a self-propelled cleaning apparatus, said clean-
ing apparatus including a housing having a baseplate
withat least one water inlet, and further including a front
portion as defined by the direction of movement of the
cleaning apparatus when propelled by a water jet, an
opposing rear portion and adjoining side portions defin-
ing the periphery of the apparatus, rotationally-mounted
supports coupled to the housing to enabje movement of
said apparatus over the submerged surface, a water
pump mounted in the interjor of said housing, and a
directional discharge conduit in fluid communication
with the water pump and having at least one discharge
opering;

activating the water purp to dzaw water and debris from
the pool or tank through the at least one water inlet;

filtering the water drawn into the housing;

discharging the fiftered water through the directional dis-
charge conduit at an acute angle with respect to the
surface over which the apparatus is moving, said dis-
charged filtered water forming 2 water jet having a
resultant force vector acutely angled towards the surface
beneath the apparatus; and

propelling the apparatus in a forward direction of move-
ment,




