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Counsel for Plaintiff

UNITED STATES DISTRICT COURT
SOUTHERN DISTRICT OF NEW YORK

AQUA PRODUCTS, INC.,

Plaintiff,

-against-
g 04 Civ. (

—

SMARTPOOL, INC.,
MAYTRONICS, INC.,
RICHARD HOLSTEIN, and
JOSEPH DYBROFSKY .-

Defendants.

—

COMPLAINT FOR INJUNCTIVE RELIEF AND DAMAGES FOR
PATENT INFRINGEMENT (35 U.8.C. §§ 271 and 281), FOR
CYBERPIRACY (15 U.8.C. 5 1125(d)), FOR TRADEMARK
INFRINGEMENT (15 U.S8.¢. § 1114), FOR FALSE DESIGNATION
OF ORIGIN (15 U.8.C. § 1125(a)), FOR DILUTION OF AND
YNIJURY TO BUSINESS REPUTATION (15 w.8.C. § 1125(c))
and N.Y.S5. GENERAL BUSINESS LAW § 3682.1), FOR THE USE
OF FALSE OR MISLEADING DESCRIPTIONS OR REPRESENTATIONS
OF FACT (15 U.48.C. § 1125(a)), FOR DECEPTIVE TRADE PRACTICES
(N.¥. GEN. BUS. LAW §349), FOR FALSE ADVERTISING (N.Y.

GEN. BUS. LAW § 350), AND FOR COMMON LAW UNFAIR COMPETITION

The plaintiff, Aqua Products, Inc. ("Aqua Products"), by
ites attorneys, Abelman, Frayne & Schwab, for its compiaint against
the defendants, Smartpocl, Inc. (“Smartpool”), Maytronics, Inc.
(“Maytrbnics"), Richard Holstein (“Mr. Holstein”), and Joseph

Dybrofsky, (*Mr. Dybrofsky”), allegea aa followa:
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NATURE OF THE CASE

1. This is an action seeking injunctive relief and
damages for patent infringement arising from violations of the
Patent Aect of the United States, more particularly 35 U.5.C. §§ 271
and 281, for cyber-piracy in violation of the Trademark Act of the
United States, more particularly 15 U.S8.C, § 1125{(d), for trademark
infringement in viclation of the Trademark Act of the United
states, more particularly 15 U.S.C. § 1114(1); for falge
degsignation of origin in violation of the Trademark Act of the
United States, more particularly 15 U.5.C. § 1125(a), for unfair
competition causing injury to plaintiff's business reputation and
dilution of the distinctive gquality of its unique and distinctive
Crademarks in violation of the Trademark Act of the United States
and the New York Business Law, more particularly 15 U.5.C. §
1125(c) and N.Y.8. General Business Law § 368.1, for the use of
falee or misleading descriptions or representations of fact in
violation of the Trademark 2Act of the United States, more
particularly 15 U.5.C. § 1125(a), for engaging in deceptive trade
practices in violation of § 349 of the New York General Business
Law, for false advertising in vieolation of § 350 of the New York
State General Businesg Law, and for related pendent acts of unfair
competition,

JURISDICTION AND VENUE

2. Thig Court has jurisdiction over the subject matter
of this action pursuant to 15 U.S.C. § 1121 (Lanham Act), 28 U.8.C.
§ 1331 (federal question), 28 U.S5.C. § 1338 (patent, trademark and

_n_
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copyright), and pursuant te 28 U,.8.C. § 1367 (supplemental
Jurisdiction) .
3. Venue ig proper in the Southern District of New York

pursuant to 28 U.5.C. §§ 1391 (b) and (c)).
THE PARTIES

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

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 Smartpool
iz and was at all relevant times a corporation organized under the
lawz of the State of Delaware, with offices at 575 Prospect Street
Lakewood, New Jersey.

7. Upon information and belief, Smartpool manufactures
and distributes swinming pool producte including robotie pool
cleaners, and does business within this judicial district.

a. Upon information and belief, the defendant
Maytronics iz and was at all relevant times a corporation organized
under the lawsg of Israel, with offices at Kibbutz Yizre'el, Israel.

9. Upon information and belief, Maytronics manufactures
and distributes swimming pool products including robotic pool

cleanere, and does business within this judicial distriet.

—3-
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10. Upon information and belief, the defendant, Mr.
Dybrofsky is an individual doing business in this jurisdiction.

11. Upon information and belief, Mr. Dybrofsky is a
principal owner and/or corporate officer of the corporate
defendanta, and has actively and knowingly aided and abetted in the
commiggion of the infringing acts of the corporate defendants.

12. Upon information and belief, the defendant, Mr.
Holstein is an individual doing business in this jurisdiction.

13. Upon information and belief, Mr. Holstein is a
principal owner and/or corporate officer of the corporate
defendants, and has actively and knowingly aided and abetted in the
commission of the infringing acts of the corporate defendants.

14, Upon informaticon and belief, Smartpocl is the alter
ego of Messrs. Holstein and Dybrofsky, and all four defendants have
cooperated in furtherance of the infringing acts complained of
herain.

FACTS COMMON TO ALL CAUSES OF ACTION

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

18. Aqua Products ig a leader in the development of new
technology to improve robotic pool cleaners and has patented many
of it innovative technologies.

17. Agua Products 18 the owner of U.S. Patent N=.

6,742,613 (“'613 Patent”), among others, for water jet reversing

—4-
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propulsion and directional controls for automated swimming pool
cleaners, a copy of which is attached as Exhibit 1.

18. Agua Products 1s the owner of U.5. Patent N-°.
6,099,658 (™58 Patent”), for an apparatus and method of operation
for high-speed swimming pool cleaner, a copy of which is attached
as Exhibit 2.

19. For residential use, Agqua Products c
manufactures robotic pool cleaners identified by
the trademarks Aquabot, Aquabot Pool Rover, Aquabot
Fool Rover Plus, Aquabot Turbe (illustrated teo the
right), Aquabot Turbo Remote Control, Aquabot Turbo |
Solo Remote Contrel, Aguabot Plus Remote Control,

Aguabot Ultra, Ultra, Viva, and Bravo.

20. For commercial applications, Adqua

] AT iy o e AT

Products manufactures robotic pocl cleaners identified by the

trademarks the AquaMax, AguaMax Junior HT, AquaMax Junior Plus,

AquaMax BiTurbo, AgquaMax BiTurbo Remote Control, UltraMax, and
UltraMax Junior.

21. Aqua Products robotic pool cvleaners are unmatched in
quality, features, service and benefits. Over the years, many
competitors have tried to copy Agqua Products’ patented technology.
Many of theze copy-cat products appear similar but have gignificant
engineering and mechanical differances.

22, Other competitors have tried to appropriate and

trade on the goodwill and consumer recognition of Agua Products!’
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trademarks, or to disseminate false and misleading advertising
concerning their or Aqua Preducts’ pool cleaners.

23, The corporate defendants are examples of such
companies. They have undertaken an entire strategy and scheme to
unlawfully compete with Aqua Products, and to mislead and cheat the
public by, inter alia, copying Aqua Product’s patented innovations
and products, and by misleading the public by suggesting that their
products originate and are affiliated with, or are sponsored by
Aqua Preoducts, or by distributing advertising and promotional
materials that misstate the features and attributes of their and/or
Agqua Preducts’ pool cleaners,

24, The defendants’ conduct includes their infringement
of Aqua Products’ ‘613 Patent and ‘658 Patents, as well as their
gystematic regisgtration of numercus Internet uniform resource
locators (“URLe”) that incorporate and are confusingly similar, if
not identical, to Agua Products's distinctive trademarks, e.g.,
Smartpool has registered “aquabot2.com".

25. The defendants have configured these URLs so that
visitore are forwarded, immediately and without any notice, to
Smartpool’s home page.

26, When members of the public accegses a URL that
incorporates one of Agua Products’ trademarks, such as the
“agquabot2.com" URL, and is immediately forward te the Smartpool
home page, they are likely to be confused and assume there is a
connection, sponsorship or affiliation between Agua Products and

the defendants and their products.

—f-
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27. The defendants have also digstributed a Commercial
Robotic Cleanera Comparison Chart that misstates the “ETL* approval
status of Agua Products’ pool cleaners, as well as the features and
attributes for several of Agua Products’ pool cleaners.

28. By this action Agqua Products seeks to enjoin this
deliberate pcheme to infringe its patents, to deliberately confuse
the trade and public concerning the source, origin or sponsorship
of the defendants’ products and services, to trade upon and destroy
Agqua Products's distinctive trademarks, buginese reputation and
good will, and to mislead the public by distributing false
advertising, promotional and marketing materials.

29. Agua Products further seeks monetary damages for the
injury incurred as a result of the defendants’ activities.

Aqua Productas’ Patents

30. The '6l3 patent, relates to water

jet reversing propulsion and directional controls
for automated swimming pool cleaners, issued on

June 1, 2004, Figure 1 of the ‘6132 Patent is

illustrated to right.

31. The '6l3 patent was duly and legally

FiG!

assigned to Agqua Products, its current owner.

32. The '6l3 patent relates to a robotic pool or tank
cleaner that is supported by wheels that are mounted on fixed or
movable axles that form an acute angle with the longitudinal axis
of the pool cleaner's body when the cleaner moves in either or both

of two opposing directions to thereby provide a wvariable path as

-7 -
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the device movea back and forth across the bottom surface of the
pool or tank that is being cleaned.

33. The '658 patent, relates to an apparatus and method
of operation for high-gpeed swimming pool ¢cleaner, issued on August
8, 2000.

34. The '658 patent was duly and legally assigned to
Agua Products, ite current owner.

35, The '658 patent relates to an apparatus and method
for cleaning the bottom and vertical side walls of a awimming pool,
pend or tank employs a robotie, self-propelled cleaner having a
protective housing of conventional design, the cleaner being
operated at a primary cleaning speed as it traverses the surfaces
to be cleaned and until the cleaner housging emerges from the water
along a sidewall of the pool.

36. As discussed in the ‘658 Patent, the cleaner is
adapted to operate at a secondary drive speed that is relatively
slower than the primary speed and the c¢leaner thereafter reverses
direction and descends for a pre-determined period of time at the
slower secondary speed in order to permit the air entrained under
the housing to escape without destabilizing the cleaner during
descent. After the predetermined period of time, the cleaner
resumes operation at the more rapid primary speed until the cleaner
housing once again emerges from the water's surface, after which

the cycle ia repesated,
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Agua Products’s Trademarks

37. Agqua Products has sold its productsa in interstate
commerce for over 20 years, and hag prominently identified the same
ugaing the following trademarks (the “Agqua Products Trademarks”}:

Aguabot,

Aquabot Pool Rover,
Acquabot Pool Rover Plus,
Acquabot Turbo,

Aquabot Turbo Remote Contreol,
Aquabot Turbo Solo Remote Control,
Aguabot Plus Remote Control,
Acuabot Ultra,

Ultra,

Viva,

Bravao,

AgQuaMax,

AqgquaMax Junior HT,
AguaMax Junior Plus,
AgquaMax BiTurbo,
AguaMax BiTurbo Remcte Control,
UtraMax,

UltraMax Junicr, and
Power Handi Vac.

38. 2dgua Products has expended aubstantial 2=sums on
promotion and advertiging in order to establish and maintain the
trade’s and public’'a awareness and recognition of the Aqua Products
Trademarks and to develop an association in the public's and
trade’s mind bhetween its trademarks and its services and products.

39. Long before the acts of the defendants complained of
herein, as the result of the promotion and sale of services and
goods identified by the Aqua Products Trademarks, and as a result
of the high guality of services and goods offered in connection
with the Aqua Products Trademarks, they have acquired a valuable
reputation and are now recognized by the trade and consumers as

originating from and being asgsociated only with Aqua Products.

-g-
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40, As a direct result of this usage, the unigue and
diztinctive Aqua Producte Trademarkz are well-known, famous, are
associated by the trade and public with Agqua Products, and
repregent a business and goodwill of significant and inestimable
value to it.

41. Aqua Preoducts iz the owner of Federal Trademark
Registration N2. 2,700,593 for the trademark "AQUABOT TURBO". The
registration issued on March 25, 2003, is registered on the
principal regisgter maintained by the United States Patent and
Trademark Office, and is valid and subsisting.

42. Adgua Product’'s federal trademark registration puts
defendants on constructive notice, pursuant to 15 U.S8.C. § 1072,
of its trademark rights.

Defendantg’ Patent Infringement

43. The defendante manufacture, and/or sell,
and/or induce others to use and sell pool ecleaning
products identified as the “Dolphin” and “Robo-Kleen”
which, upon information and belief, embody the subject
matter protected under the "613 Patent and ‘658 Patent.

An illustraticon of the defendantz’ “Dolphin” branded

pocl cleaner is gshown to the right.

44. Agqua Products hazg advised the defendants that the
aforementioned products infringe the “613 Patent and ‘658 Patent,
and have demanded that they cease the manufacture and sale of the

products.

-10-



071572004 1635 IFAA + ASCHEN, M. l# 011/064
Case 1:04-cv-05492-GBD Document1 Filed 07/14/04 Page 11 of 64

45, The defendants have refused to comply with
plaintiff’'s demands.

Cvbaer-Pirac | lamar fringeman :

Dafendants’

46. Recently, Agua Products learned that the defendant
Smartpool has sgsystematically and maliciously registered the
following'Internet URLs (the “Infringing URLs"):

aguabot-gtorm,com”,

"aguabot2,com",
"aquabotautomatlcopoolcleaner.com",
"aquabotbravo.com”,

"aquabotoleaners . com",
"aquabotpoolrover .com",
"aquabotpoolroverplus.com",
"agquabotpoolvacuum. com",
Tacquabotpoolvacduums. com',
"aquabotroboticpoolcleaner.com”,
ragquabotrover.com",
Tacquabotterminator.com",
"agquabotyurbopoolcleaner. com",
"agquabotultra,.com",

"aquabotviva.com".

47. When any of the Infringing URLg are opened, the user
ig forwarded to Smartpool’s home page at “*http://www.smartpool.com/
website/”.

48. The defendants Smartpeel, and Messreg. Holstein and
Dybrofsky are using the Infringing URLs in interstate commerce
without the permission, authority or consent of Agua Products.

492, Upon informationm and belief, the Infringing URLs
were obtained with the knowledge, consent, and sponsorship of the
defendant Maytronics,

50. Upon information and belief, the defendante are

using the Infringing URLs with actual knowledge of Aqua Products's

-11-



071572004 1635 IFAA + ASCHEN, M. l#h 012/064
Case 1:04-cv-05492-GBD Document1 Filed 07/14/04 Page 12 of 64

use, rights in, and registration of its well-known and famous Aqua
Products Trademarks,

51. Upon information and belief, the registration of the
Infringing URLg, and the forwarding of visitors to the smartpool
home page appropriates and infringeg the Aqua Products Trademarks,
and falsgely psuggests that defendants’ services, products and
website originate with, or are sponsored by Aqua Products, and that
their services, products and website are in some way affiliated
with Aqua Producta,

52. Upon information and belief, the defendants
infringing activities have been gystematically undertaken with an
intent to profit from the reputation and value of the Aqua Products
Trademarks,

Defendants’ Falee Advertising

53. Recently, Agua Products learned that the defendants
were digseminating to dealers and distributors of robotic swimming
pool cleaners a document entitled the “Commercial Robotic Cleaners
Comparison Chart” (“Comparison Chart”), which includes false and
misleading information.

54. The Comparison Chart misstates the maximum pool
lengths, filter surface, number of gallons filtered per hour,
bottem inlet sgize, and cable length for the aeveral of Agqua
Products’ pool cleaners.

B5. The Comparison Chart also misstates the “ETL”

approval status of several of Aqua Products’ pool cleaners.

-12-
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56. The aforementicned activities will cause irreparable
injury te Aqua Products,

AS AND FOR A FIRST CLATIM FOR RELIEF FOR PATENT

INFRINGEMENT PURSUANT TO 35 U.8.C. 85 271 AND

EEKING INJUNCTIVE TARY EF

57. Aqua Producta realleges paragraphs 1 through 56 as
if fully set forth herein.

58. The defendants have and are infringing the '613
Patent by manufacturing, importing, offering for sale and by
gelling poecl cleaning products which embody the subject matter of
the patented invention of the '613 Patent, in the Southern District
of New York and elsewhere in the United States, in vieclation of the
patent laws of the United States.

58. Upon information and belief, the defendants have
actual notice of Aqua Products' patent rights.

60. Upon information and bkelief, the defendants have
continued to cowmit acte of infringement of the '613 Patent,
despite notice of Agua Productz's rights under the 's12 Patent,
within the S8Socuthern District of New York and elsewhere in the
United Stateg, and will continue to do so unless enjoined by this
Court.

61. Upon information and belief, despite knowledge of
Agua Products’'s rights under the '613 Patent, the defendante have
continued to actively induce infringement of the '613 Patent within
the Southern District of New York and elsewhere in the United

Stateas and will continue to do sc unless enjoined by thia Court.

-13-
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62, Aqua Products does not have an adeguate remedy at
law.

3. Upon information and belief, defendants’
infringement and active inducement of infringement is willful,
intentional and deliberate, and has deprived Aqua Products of sales
and profite which lawfully belong to it and which it otherwise
would have made.

64. On account of the defendants activities in this
State, County and Southern District of New York, and throughout the
United States, Aqua Products has been injured in an amount not yet
azcertained, but believed to be in excess of one million dollars
(51, 000,000.00).

65. This is an exceptiocnal case within the provisions of
35 U.,5.C. § 285 and Aqua Products is therefore, entitled to the
recovery of its attorneys' fees upon prevailing in this action.

AS AND FOR A SECOND CLAIM FOR RELIEF FOR PATENT

INFRINGEMENT PURSUANT TO 35 U.S8.C. §§ 271 AND
281 SEEKING INJUNCTIVE AND MONETARY RELIEF

66, Adgua Products realleges paragraphs 1 through 65 as
if fully set forth herein.

67. The defendants have and are infringing the '613
Patent by manufacturing, importing, offering for sgale and by
selling pool cleaning productz which embody the subject matter of
the patented invention of the '658 Patent, in the Southern District
of New York and elsewhere in the United States, in viclation of the

patent laws of the United States.

—14-



071572004 1635 IFAA + ASCHEN, M. l# 015/064
Case 1:04-cv-05492-GBD Document1 Filed 07/14/04 Page 15 of 64

68. Upon information and belief, the defendants have
actual notice of Agqua Producta' patent rights.

69. Upon information and belief, the defendants have
continued to commit acts of infringement of the '658 Fatent,
degpite notice of Agua Products's rights under the '658 Patent,
within the Southern District of New York and elsewhere in the
United States, and will continue to do g0 unlesg enjeoined by thia
Court.

70. Upon information and belief, despite knowledge of
Agua Products's rights under the '658 Patent, the defendanta have
continued to actively induce infringement of the '658 Patent within
the Southern District of New York and elgsewhere in the United
States and will continue to do so unless enjoined by this Court.

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

72, Upon information and belief, defendants’
infringement and active inducement of infringement is willful,
intentional and deliberate, and has deprived Aqua Productg of sales
and profite which lawfully belong to it and which it otherwise
would have made.

73, On account of the defendants activities in this
State, County and Southern Digtrict of New York, and throughout the
United States, Agua Products has been injured in an amount not yet
ascertained, but believed to be in excess of one million dollars

($1,000,000.00) .

-15-—
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74. Thig is an exceptional case within the provisions of
35 U.8.C. § 285 and Agua Products is therefore, entitled to the
recovery of its attorneys' fees upon prevailing in this action.

AS AND FOR A THIRD CLAIM SEEKING
INJUNCTIVE AND MONETARY RELIEF FOR
CYBERPIRACY (1 .8.C §1125(3

75. Adgua Products realleges paragraphs 1 through 74 as
if fully set forth herein.

76. The registration of URLs confusingly similar to Adqua
Productg's distinctive Aqua Products Trademarks was undertaken in
bad faith and with the intent to profit thereby.

77. Upon information and belief, the registration and
uge of the Infringing URLs wag intended to appropriate and trade
upon the goodwill and reputation asscciated with the Agqua Products
Trademarks, and was undertaken in bad faith and in reckless
disregard of the potential damage and injury to Agqua Products and
the Aqua Products Trademarks.

78. By reason of the foregoing, the defendants have
engaged in, and are continuing to engage in actsz of cyberpiracy
which are injuring the Aqua Products Trademarks, business and
buzinezs reputation in vieclation of 15 U.5.C. § 1125(d4).

79. By reason of the foregoing, Aqua Products is now and
will continue to guffer irreparable injury, including injury to its
reputation and the distinctive quality of ites distinctive Agua
Products Trademarke, for which it has no adeguate remedy at law.

B0. On account of The defendants’ activities in thia

State, County and Scuthern District of New York, Aqua Products has

-16-
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been damaged in an amount not ag yet ascertained, but believed to
be in excesgs of one million dollars (£1,000,000.00).

AS AND FOR A FOQURTH CLAYM FOR
INJOUNCTIVE AND MONETARY RELIEF PURSUANT
TO 15 U.2.C § 1114 FOR TRADEMARK TINFRINGEMENT

Bl1. Plaintiff realleges paragraphs 1 through 80 as if
fully =zet forth heresin.

82. The registration and use of the Infringing URLsz is
without the permission, consent or authorization of Aqua Products,
gives rime to a likelihood of confusion, deception and mistake
among the consuming public and trade as to the source, origin or
gpongorship of the defendants' services and productz and
constitutes infringement of the Aqua Products registered trademark.

B3. Upon information and belief, the defendants
registered and are uging the Infringing URLe with the willful
purpese and intent of misleading the trade and public, and trading
upon Aqua Products's goodwill and reputation.

84. These acts violate the Trademark Act of the United
States and constitute infringement of the Aqua Products’ registered
trademark in violation of 15 U.S.C. § 1114 et seq.

85, On account of the defendants’ activities, the trade
and public are likely and will continue to be confused, misled or
deceived a2 to the source, origin or sponsorship of their website,
servicea and products, and Aqua Products is now and will continue
to suffer irreparable injury, including injury teo its reputation
and goodwill, for which Aqua Products has no adequate remedy at
law.

-17-
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86. ©On account of The defendants’ activities in this
State, County and Southern District of New York, Aqua Products has
been damaged in an amount not as yet ascertained, but believed to
be in excess of one million dollars ($1,000,000.00).

AS AND FOR A FIFTH CLAIM SEEKING INJUNCTIVE
AND MONETARY RELIEF FOR FALSE DESIGNATION

OF ORIGTIN T LA N OF 15 U.S.C. 112

87. Agqua Products realleges paragraphs 1 through 86 as
if fully set forth herein.

88. The use of the Infringing URLs conatituteas the
cffering of gooda and services bearing, and the use of falae and
misleading desgscriptions and representations of fact in interstate
conmmerce, and violates the Trademark Act of the United Statges.

8%, By reascn of the foregoing, the trade and public are
likely, and will continue to be confused, misled or deceived, and
Aqua Products 1is now and will continue to suffer irreparable
injury, including injury to its goodwill and reputation for which
it has no adequate remedy at law.

890. Upon information and belief, The defendants
developed and are using the Infringing URL2 with knowledge that it
ig false, misleading and deceptive, and with the intent to unfairly
compete with Agua Productas.

21. ©On account of the activities of the defendants in
this State, County and Scuthern Digtrict of New York, Aqua Products
has been damaged in an amount not as yet ascertained, but believed

to be in excess of one million dollars (%1,000,000.00).

-18-
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AS AND FQR A SIXTH CLAIM FOR RELIEF FOR INJURY
TO BUSINESS REPUTATION AND DILUTION PURSUANT TO 15

U.S.€C §1125(c) SEEKING INJUNCTIVE AND MONETARY RELIEF
92. Aqua Products realleges paragraphs 1 through %1 as

if fully set forth herein.

23. The defendants' conduct is without the permissicn,
consent or authorization of Aqua Products and has and is blurring
and tarnishing the reputation of Aqua Products's unigue, widely
recognized, distinctive and famous Agua Productas Trademarks,
thereby diminishing their value.

24. Upon information and belief, the aforementioned
activity is part of a deliberate plan or scheme intended to
appropriate and trade upon the goodwill and reputation of Aqua
Products and was undertaken in total disregard of the resultant
damage and injury to it.

25. By reason of the foregoing, the defendants have
engaged in, and are continuing to engage in acts which are injuring
the business reputation and diluting and blurring the distinctive
quality of the Aqua Products Trademarks in viclation of the
Trademark Act of the United States (15 U.S.C. § 1125(c)).

26. By reason of the foregeing, the trade and public are
likely, and will continue to be confused, misled or deceived, and
Aqua Products is now and will continue to suffer irreparable
injury, inecluding injury to its reputation and dilution of the
distinctive guality of its Aqua Products Trademarks, for which it

has no adequate remedy at law.

-19-
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97. On account of the activities of The defendants in
this State, County and Southern District of New York, including
their dilution of the Agqua Products Trademarks, Aqua Products has
been damaged in an amount not as yet ascertained, but believed to
be in excess of one million deollars (51,000,000.00).

AS AND FOR A SEVENTH CLAIM FOR RELIEF
FOR UNFAIR COMPETITION UNDER SECTION

368.]1 OF THE NEW YQORK GENERAL BUSINESS LAW
8. Aqua Products realleges paragraphs 1 through 97 as

if fully set forth herein,.

92. This cause of action arisea under section 368.1 of
the New York State General Business Law, § 3668.1.

100. The defendants’ conduct is likely to injure the
business reputation of Agqua Products and dilute the distinctive
quality of the Aqua Products Trademarks,

101. The defendants’ conduct is without the permigsion,
consent or authorization of Agua Products and creates a likelihood
of injury to its public image and reputation, and a dilution of the
digtinctive quality of the Agua Products Trademarks.

102. On account of the aforementioned activitiez of the
defendants, Aqua Products has been damaged in an amount not as yet
ascertained, but believed to be in excess of one millicn dollars

($1,000,000.00) .
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AS AND FOR A EIGHTH CLATIM SEEEKING INJUNCTIVE
AND MONETARY RELIEF FOR FALSE OR MISLEADING
DESCRIPTIONS OR REPRESENTATIONE OF FACT IN

VIOLATION OF THE LANHAM ACT (15 U.5.C. § 1125(a))
103. Plaintiff realleges paragraphs 1 through 102 as if

fully set forth herein.

104. The misrepresentations and falsehoods published by
the defendants’ in the Comparison Chart constitute the use of false
descriptions and representations in interstate commerce.

105. Upon information and helief, the defendants included
the misrepresentations in the Comparison Chart with full knowledge
that they were false, misleading and deceptive, and with the intent
to unfairly compete with plaintiff.

106. Such acts viclate the Trademark Act of the United
States and constitute the offering of services and sale of goods
using false or misleading descriptions or representations of fact.

107. By reason of the foregoing, the public is likely,
and will continue to be confused, migled or deceived, and the
plaintiff is now and will continue to suffer irreparable injury,
including injury to ites good will and reputation for which it has
ne adegquate remedy at law,

108. On account of the activities of the defendants in
this State, County, and Southern District of New York, and in
interstate commerce, plaintiff has been damaged in an amount not as
vet ascertained, but believed to be in excess of one million

dollaras (§1,000,000.00).
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AB AND FOR A NINTH CLAIM SEEKING
INJUNCTIVE AND MONETARY RELIEF FOR DECEPTIVE
TRADE PRACTICES IN VIOLATION OF N.Y. GEN. BUS. LAW § 349

109. Plaintiff realleges paragraphs 1 through 108 asg if
fully set forth herein.

110. This cause of action arises under the New York State
General Business Law, more particularly N.Y. Gen. Bus. Law § 349.

111. The Defendants’ aforementioned conduct is false,
misleading and constitutes the use of deceptive acts or practices
in the conduct of business, trade or commerce and is misleading the
public and injuring the good will and reputation of plaintiff in
viclation of §349 of New York State'a General Business Law.

112. Upon information and belief, the defendante
undertook the aforementioned conduct with full knowledge that it
wag misleading and with the intent to confuse, mizlead and deceive
consumerz, and to unfairly compete with the plaintiff.

113, By reason of the foregoing, the plaintiff is now and
will continue to suffer irreparable injury for which it has no
adequate remedy at law.

1l4. On account of the activities of the defendanta in
this 8tate, County, and Southern District of New York, and in
interstate commerce, plaintiff has been damaged in an amount not as
yet ascertained, but believed to be in excesg of cne millieon

dollars ($1,000,000.00).
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AS AND FOR A TENTH CLAINM SEEKING
INJUNCTIVE AND MONETARY RELIEF FOR FALSE

ADVERTISING TN VIOLATION OF N.Y., GEN. BUS. LAW § 350

115. Plaintiff realleges paragraphs 1 through 114 ag if
fully set forth herein.

116. This cause of action arises under the New York State
General Business Law, more particularly N.Y. Gen. Bus. Law § 350,

117. The defendants’ Comparison Chart is materially
misleading.

118, Upcn information and belief, the defendants’
distributed the Comparison Chart with full knowledge that it was
migsleading and with the intent to confuse, mislead and deceive
consumers, and to unfairly compete with plaintiff,

115, By reason of the foregoing, the defendants have
engaged in and are continuing to engage in acts which are
migleading the public and injuring the good will and reputation of
plaintiff in violation of the New York State General Business Law.

120. By reason of the foregoing, plaintiff is now and
will continue to suffer irreparable injury for which it has no
adequate remedy at law,

121. On acecount of the activities of the defendants in
this BState, County, and Southern District of New York, and in
interstate commerce, plaintiff has been damaged in an amount not as
yet ascertained, but believed to be in excess of one millien

dollars ($1,000,000.00).
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AS AND FOR A ELEVENTH CLAIM SEEKING
INJUNCTIVE AND MONETARY RELIEF FOR UNFAIR

COMPETITION IN VIOLATION OF THE COMMON LAW

122. Agua Products realleges paragraphs 1 through 121 as
if fully set forth herein.

123, This cause of action arises under the common law.

124, The use of the Infringing URLs will mislead and
confuse the public and trade, and create a likelihood of injury to
Aqua Producte' public image and reputation.

125. Upon information and belief, the trade and public
are likely to attribute falsely the attributes and characterigtics
of Aqua Products’ gervices and products to thoee sold by the
defendantg as a result of their use of the Infringing URLs.

126, By reason of the foregoing, the defendants have
engaged in and are continuing to engage in acts of unfair
competition in vieolation of the common law,

127. Upon information and belief, the registration and
use of the Infringing URLs was undertaken by the defendants with
knowledge that doing =20 is misleading, and with the intent to
confuse, mislead and deceive the trade and consumers, and to
unfairly compete with Agua Products.

128. By reason of the foregeing, Aqua Products is now and
will continue to suffer irreparable injury, including injury to its
goodwill and reputation for which it has no adequate remedy at law.

129, On acecount of the activitiez of the defendants in
this 8tate, County, and BSouthern District of New York, and

throughout the United States, Aqua Products has been damaged in an
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amount not as yet agcertained, but helieved to be in excess of one
million dollars (%1,000,000.00).

WHEREFORE, Aqua Products demands judgment:

a. finding that the defendants have copied Aqua
Product’s patented innovations and products, have miglead the
public by suggesting that their products originate and are
affiliated with, or are sponsored by Aqua Products, and have
distributed advertising and promotional materials that misstate the
features and attributes of their and/or Aqua Products’ pool
cleanersa;

b. preliminarily and permanently enjoining and
restraining the defendants, their agents, servantsa, employees,
successors and assgigng, and all those acting in concert or
participation with them, from:

(i) manufacturing, producing, digtributing,
importing, purchasing or selling pool cleaning products embodying
the subject matter of the invention of the '613 Patent or the '658
Patent;

{ii) engaging in any other activity comstituting an
infringement of the '613 Patent or the ‘658 Patent;

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

(iv) applying for, registering, activating,
trafficking in, using or displaying any URL, domain name, e-mail

address, hyperlink, metatag or web site using any simulation,
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reproduction, copy or colorable imitation of the Aqua Products
Trademarks;

(v) manufacturing, having manufactured, producing,
having produced, distributing, circulating, selling, offering for
gale, advertising, promoting, using or displaying any services or
producte using any simulation, reproduction, copy or colorable
imitation of the Aqua Products Trademarks;

(vi) making any etatement or representation
whatscever, or using any false or migleading descriptionz or
representations of fact in connection with the manufacture,
production, distribution, circulation, sale, offering for s=ale,
advertising, promotion, use or display of any products or services
using any simulation, reproduction, copy or colorable imitation of
the Aqua Products Trademarks;

{vii) distributing, publishing, distributing,
selling or shipping any advertising, marketing, promotional or any
other materials that misstate the features and attributes of their
and/or Agua Products’ pool cleaners; and

(viii) engaging in any other activity
constituting unfair competition with Aqua Products, or constituting
infringement of the Agua Products Trademarks, or any of Aqua
Preducts’ righte in, or to use or to exploit said trademarks, or
constituting any dilution of the goodwill, name or reputation of
Aqua Products;

c. directing that the defendante, at their own expense,

recall all pool cleaning products that embody the inventions of the
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claimg of the '613 Patent or the ‘658 Patent which were
manufactured, distributed, sold or shipped by them and to reimburse
their customers from whom said merchandise was recalled;

d. ordering that the Infringing URLs be preliminarily
and permanently transferred to the plaintiff and/or forfeited;

e. ordering that any other URLs, domain names, e-mail
addresses, hyperlinks, metatags or web esites, owned, operated or
controlled by the defendants, which use or incorporates any
simulation, repreoduction, copy or colorable imitation of the Agua
Products Trademarks, be preliminarily and permanently transferred
to the plaintiff and/or forfeited;

£. directing that the defendants, at their own expense,
recall all their marketing, promotional and advertising material
which bear or incorporate any misstatements concerning the features
and attributes of their and/or Aqua Products’ pool cleaners which
has been published, distributed, sold or shipped by it, and to
reimburse all customersg from which zaid materials are recalled;

g. directing that the defendants deliver to Aqua
Product's attorneys or representatives for destruction all
products, molds, plates, dies and any other materials in their
Doggegsion or under their control which embody the inventiona of
the claims of the '612 Patent or the ‘658 Patent;

h. directing that the defendants deliver to Adqua
Products’ attorneys or representativeas for destruction all
products, labels, gzigns, prints, packages, molds, plates, dies,

wrappers, receptacles and advertisements in their possessgion or
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under their control bearing any simulation, reproduction, copy or
colorable imitation of the Agqua Products Trademarks, and all
plates, molds, matrices and any other means of making the sams;

i, directing that the defendants deliver to Adqua
Product's attorneys or representatives for destruction all copies
of the Comparison Chart in their possession or under their control;

1. directing that the defendants file with the Court
and serve on Aqua Producte’ counsel a report in writing and under
oath setting forth in detail the manner in which he 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 injunction;

k. directing such other relief as the Court may deem
appropriate to prevent the trade and public from being mislead or
deceived;

1. directing the defendants to account to Agqua Products
for actual damages suffered by it, including its lost salea, as a
result of the infringement and the active inducement of
infringement of the '613 Patent or the ‘€58 Patent, directing that
guch damages be trebled because of the willful and deliberate
nature and character of the infringement, together with an
assegsment of interest, and awarding Aqua Products judgment in that
amount against the defendants;

. directing the defendants te account to Aqua Products
for the defendants’ unjustly received profits resulting from

infringement of the '613 Patent or the ‘658 Patent;
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n. awarding Agqua Products its damages causged by
defendants’ registration and use of the Infringing URLs, and any
other URLg, domain names, e-mail addresses, hyperlinks, metatags or
web gites, owned, operated or controlled by the defendants, which
use or incorporates any simulation, reproduction, copy or colorable
imitation of the Aqua Products Trademarks, and the defendants'
total profit realized thereby, and that such award be trebled
pursuant to 15 U.5.C. § 1114 et sed.;

0. awarding Agqua Products maximum statutory damages
pursuant to 15 U.S.C. § 1117(d);

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

q. for such other and further relief as the Court deems

just and proper.

Dated: July 14, 2004 ABELMAN & SCHWAEB
New York, NY

]

Jef a Schwab (JS 9592)

Micha schen (MA &338)
150\E 42™ Street

New rk NY 10017
{212) 945-9022

Counsel for plaintiff
Agqua Products, Inc.
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WATER JET REVERSING PROPULSION
AND DIRECTIONAL CONTROLS FOR
AUTOMATED SWIMMING FOOL
'CLEANERS

This application is a division of application Ser No.
09/237,301 filed on Jan. 25, 1999, now 1).5. Par. Na.
6,412,133,

FEID OF THE INVENTION

'The invention relates to methods and apparame for pro-
pelling automated or robotic swimming pool and lank elaan-
ers and for contolling the scanning or traversing patemns of
the awomated cleaners with respert to the bonom end
sidewalls of the pool or ank.

BACKGROUND OF THE INVENTION

Autorpated or robolic swimming pool cleaners tradition-
glly contaer and tnove aboul on the pool surfaces being
cleaizd on axle-mounted wheels or oo cndless tracks that
are powered by 4 separate drive motor through g gear train.
The wheels or tracks are aligned with the longituding] axis
of the cleaner. Swimming poo! cleaning robots (hat move on
wheels gencrally have two electric motors—a pump rmator
POwers 3 waler pump thar is used 1o disiodge and/or vacuum
debris up imwo 2 filter; the drive motor is used to prope] the
robot over the surfacss of the poel that arc to be cleaned. The
drive motor can be corinecied through a gear teain direetly to
one ar more wheels or axles, or through a belt and pulleys
10 prapel the gleaner or to g water pump, which can be
extarmal [p the robotc cleaper that produces a presstrizsd
gireqm, Or water jel, that moves the cleaning apparatus by
reacrive force or by driving & warer wrbine comnected vig a
gear train to the wheels or endiess wack. The movemen: of
‘trepronl cleansrs of the prior ar;whatt powsred by eitherthe
turbine qr the direct or reactive jet is in ooc direction and the
movement 18 random.

Coniro! of the longimdingl directional mavement of the
robot can be accomplished by elaborate clectronic circuitry,
as is the case when stepper and D.C. brushless motors ars
employed. Other control systems require the cleaner to
climb the vertical sjidewall of the poo! until a portion of e
cleaner extends above the walerline and/or the unit has
moved laterally along the sidewall, after which the motor
drive reverses and the cleaper returns to e bottom surface
of the pool along a different path, The waer powered
cleaners of the prior art also rely on the worientation of the
cleaner while on conlact with the wall o effect a random
change in direction. However, under cermin eircumstances:
itis a wasic of dme, energy and produces unnecessary wear
&nd tear to have the robatic clsaner climb the sidewall solely
for purpose of changing the pattern of movement of the
cleatier.

It is known from U.8. Pat, No. 2,088,762 to provide
laterally offset fixcd bumper clements a cach end of the
cleaner to conmet, the facing sidewall and provids a pivot

' point as the cleaner approaches the wall, Another transversc
glide mod can be provided to comtact a side wall and causes
the drive motor to reverse. The burmper slemants age adjusl-

. able to provide variable angles, A third slid= rod attached 1o
a shut-ofl switch extends outboard of side facing the far end
of the pool, 80 that when the cleaner has coversd the enirs
length of the pool and approaches the wall is a generelly
parallz]l path, the third slide rod is pushed inboard agd shuts
off power to the unit.

+ Jt bas also heen proposed to direct the scanning movement
of a pool eleaner mechanically by use of a three-wheeled
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arry in which the third wheel is mounted centrally and
opposile the other pair of wheels, and the axle upon which
tha third whesl i8 moumted iz able to rotate in a horizontal
plane zround a verical axis. A sp-called free-wheeling

version of this gpparatus is shown on 1.8, Pat No. 3,979, _

T8E.

In U.S. Pat Mo. 3,229,315 the third whes] i§ tnownted in
a plate and the plate is engaged by & goer mechanism that
potitively rotates the horizontal exle and deterrnines the
directional changes in the orienmtion of the third wheel.

It is algo known in the prior art to provide a pool cleaner
with a vertical plunger or piston that can be moved by a
hydraulic force into contact with the bottom of the pool o
cause the cleaner to pivot and change direction. The timing
must be controlled by a preprogrammed integrated civewt
("IC™) device.

It is also known from U.S. Pat Ne. 4,348,192 to equip the
feed water hose of 4 circular floating pool cleaming device
wilh a contnnows discharge waler jet nozele that randormnly
reorienrs itsell to a reversing direction when the forward
movement of the flvating cleaner Is impeded. In addition o
the movable water jer discharge mozzle attached 1o the
underside of the floating cleaner, the hose is equipped with
a plurality of rearwardly-facing jet nozzles that move the
water those in & random paltern and fasilitage movement of
the cleaner.

Commercial pool cleaners of the prior art thar employ
pressurized water 10 cffect random movernent have slso
been equipped with so-¢alled “back-np” velves that periodi-
cally interrupt and divert the Aow of water i the cleaner gnd
discharge it through a valve that has jes {acing upsiream,
thereby creaing 4 reactive forte to move the hose and,
perhaps, the avtached cleaner in a generally backward direc-

; ~tief:-The-back-up valve can be acmated by the fiow of warar— -

through a fiting attached to the hose. The movemenl resylt-
ing from the actvation of the back-up valve jats is zlso
random and mey have no effees on reorienting a cleaner that
has become immobilized.

The apparams of the prior 2 for usc in propelling and
directing ihe scanning movement of automated robotic pool
cleaners is lacking in several importagt aspects, For
exarnple, the present staic-of-the-art machines emnploy pre-
programmed imegrated civewj; (“IC'") devizes that provide a
specific predetermined scanning pattern. The design and
production of these IC devices is relarively capensive end
the scanning parterns produced hwve been found to be
ineffecrive in pools having iregular eonfigurations andfor
obstructions built inlo their bortoms or sidewalls,

Clegners propelled by & water jet discharge move only in
a penerally forward direct, and their movement is rangdom,
such randemness being accentuated by equipping the unit
with a flexible hoze or eail that whips about erraucally to
alter the direetion of the cleansr.

Cleaners equipped with geer trains for driving whecls or
endless tracks represent an addiional expense in the design,
manufacture and assembly of numerons small, pracision-fit
parts; the owner or operator of the apparams will also incur
the time and cxpense of maintaining and securing replace-
ment parte due ¢ wear and tesr during the life of the
machine. A cleaning apparatus constricted with a pivotable
third wheel that operales in a random fashion or in accor-
dance with 5 program has the same drawbacks mssociated
with the production, assembiy and maintenance of numerons
small moving parts,

The robotic pool cleaners of the prior an are also lacking
in mechanical control means for the on-site adjustment of
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the scanning paterns of the apparatns with respect o the
speeific configuration of the poel being cleaned.

Another significant deficiency in the design and operation
of the pool cleaners of the prior am is their tondency to
becoms immobilized, e.g., in sharp comers, on SI2PS, oF
gven in the skimmer intake openings ar the swface of the
pool,

It iz therefore a principal object of this inventon to
provide un improved sutomated or robotic pool and tank
cleaning apparatus that incorporates a relisble mechanism
ad method of providing propulsion using a directional
warer jet for moving the cleaner i aipposite direcrions along,
or with respect to, the longitudinal axis of the apparatus.

It is another object of this invention to provide 2 method
and apparatus for adjustably varying the dirsction of, and the
amount of thruat or foree produced by a water jet employed
to propel a pool or vk ¢leaning apperams, and to effect
change in direction by interrupting the flow of warer.

It is another important object of the invention to provide
a simple and rcliable apparatus and method for adjustably
controlling the direetion of discharge of = propelling water
jet that can be utilized by home owaers and pool mainte-
nanee persennel at the pool site (o attain proper scanning
patierns in order 10 ¢lean the entire submerged botiom and
side wall surfaces of the pool, regardiess of the configuration
of the pool and the presence of apparent obstacles,

A further object of the invention is to provide an improved
apparatus and tnethed for varying the position of one or
more of the wheels or other support means of the cleaner in
order 10 vary the directional movement and scanming par-
lomns of the apperatus with respect to the bottom surfece of
the pool or tank being cleaned.

It is_another object of the invention 1o provids a novel

method and apparams for periodically changing the direc-
tion of movement of a pool cleansr by intermizently eytab-
lishing ar least one fixed pivol point and axis of rotation with
respect 1o the longitudiral exis of the cleaner for ar least one
pair of supporting wheels

Another object of the present invention is to provide a
method and apparatus for assuring the free and unimpaired
maovement of the pool cleaner in s prescribed or random
scanning of the surfaces w be cloaned without interference
from the clectrical power cord that is attached to the cleansr
housing and floais on the surface of the pool.

Yet another object of the invention is to free a pool cleaner
that has been immobilized by an obstagle so that it can
resumne its predersrmined scanning pattern.

Itis also an object w provide magnetic and infraved (“[R™)
scnsing means for controlling the power citcuits for the
propulsion mesng of the cleansz,

Another important object of the invention is to provide an
economical and relisble pool cleaner with & mimmom
number of moving parts and ng internal pump and elastric
motor that can be powered by the discharge stream from the
pool filter system or an external booster pump and which can
reverse its direction.

Another important object of this invention is 1 provide an
apparatiy and method thit meets the above objectives if a
mors cosi-effeclive, reliable and simplified manner than is
available through the practices and teachings of the prior ar,

SUMMARY OF THE INVENTION

The above objects are met by the embodiments of the
apparatus angd methods deseribed below. In the description
that follows, it will be understood that eleaner moves on
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supporung wheels, rollers or tracks that are alignad with the
longimdinal exis of the cleaner body whan it moves in a
straight line. References to the front or forward end of the
cleaner will be relative to its then-direetion of movement.

In a first preferred embodiment, g directionally controlled
watcr jet isthe means that cauaes the wranslational mevement
of the robotic cleaner arross the surface 1o be cleaned. In a
preferred embodiment, the water is drawn from beneath the
apparates and passed through at least ons flicr medium 1o
remove debriz and is forced by a pump through 2 directional
discharge conduit whose axie is aligned with the Jongimi-
cal axis of the pool cleaner. The resuliing or reactive force
of the discharged waler jet propels the cleaner in the
opposite direclion. The warer jet can be diverted by various
means and/or divided into two or more sirszms that produce
resultant force vectors that also affect the positfon and
dirzction of movement of the clsager,

In one preferred cmbodiment, a diverer or deflector
means, gueh a5 a fap valve assembly, is interposed berween
the pomp outier and the discharge conduit, which diverer
meang ¢omirols 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 therefors the direction of trave] of the cleaner, can be
changed when the unir reaches a sidewall of the pool pr after
the cleaner has ascended a vertical sidewall, The movement
of the diverter means can be in reyponse to application of a
mechanical force, such as a lever or alide bar that is capsed
to move when {i contacts a vertical wall, and through a
directly applied force or by way of a linkage repositions the
diverter means and changes the dircction of the discharged
water jel 10 propel the cleansr away from the wall. In ane
preferred embodiment, power to the pump motor is inter-
rupted and the position of the diverter means is changed in

. response tothechange in hydrodynamie forces -acting 'on the

flap valve agsembly, Mechanirs] biasing and locking means
arc also provided o assure the proper repositioning and
seating of the Oap valve.

The orientation of the discharged water jer can be varjed
to provide 2 dewnward component or foree vector, lateral
¢omponcnts, o a combination of such components or force
vectors to complement the trapslational foree,

In its broadest construction, the invention eomprehends g
method of propelling & pool or nk cleaner by means of a
waler jet that is discharged in at least 2 first and second
direction that resnlr in movement in ppposite tranglational
direcrione, The dircction of the water jet is contzolled by the
predetermined orientplion of a discharpe conduit that is
either gtationary or movabie with respeet to the body of the
cleaner. The discharge conduit can be fixed and the pres-
surized water controlied by one or more valves that aperate
in one or more conduits 1w pass the warer for discharpe in
alternating directions. The discharge conduit can also com-
prise an elemen: of a rotating turet that is preferably
monnted oo the top wall of the eleaner housing and is canged
to rotate berween at least two alternating opposed positions
In prder 10 propel the cleancr in a frst and then a second
Zcncrally opposits direction. The means for rotating the
wrret god discharge condull can include spring biasing
IEans, a motor or water tnrbine driven gear wain, ete.
During the change from one position to the altemate OPPOs-
ing position, the tleaner iz stabilizad by interrmupring the flow
of water from the discharge condnir, 25 by interripting the
power 10 the pump motor or discharging warer from one or
more other orificas

The invention comprehends methods and apparatus for
controlling the movement of mbotic tank and swimming

048/064



OrA15/z004 1637 IFAK

+ BICHEN, M.

Case 1:04-cv-05492-GBD Document 1 Filed 07/14/04 Page 49 of 64

US 6,742,613 B2

5

pool cleaners thal can be characterized as gystematic scan-
ning patterng, scalloped or eurvilinear patterng and con-
-trolled random motions with reapest to the bottom surface of
the pooi or tank Fer the purposes of this description,
references to the front and rear of the cleaning apparams or
its housing will be with respect to the directon of its
movement A convendonal pool cleaner comprises a base
plelc on which are mounted & pump, at least gne motor for
driving the pump and optionally 3 second motor for propel-
ling the apparates vie wheels or endless track belts; &
housing having a top and depending sidewalls thar encloses
the pump and moior(s) is secured 1 the base plate; one or
more types of filler media are positioned intemnally andfor
exiernally with respect to the housing; snd & separaic
external handie iz optionally secured 10 the housing. Power
is supplied by floating elestical cables artached to an
external source, sueh a4 a transformer or a battery contained
in & floating howsing at the surface of the pool; pressurized
water can also be provided via a hose [or water turbine-
powered cleaners, The invention alse has application to tenk
and pool cleaners which operate in eonjunction with a
remote pump gnd/or filter syslem which is Iocated outside of
the pool and in flnid communication with the claaner via a
hose.

While the lustrative fipures which accompany this
application, and to which referepce is made herein, sche-
matically illustrate various cmbodiments of the invenrion on
robolic cleaners equipped with whaels. it will be understood
by one of ordinary skill in the art that the invention is equally
applicable.to cleaners which move on endless tracks or belis,
Specific examples are also provided whers the cleaner i
equipped with power-driven tranaverse cylindrical rollers
that extend aeross the width of the cleaner hody.

In onc embodiment of this aspect of the invention, an

© TTotherwise conventions] cleaner t¥ provided with at Jedst one

wheel or track that projects beyond the periphery of the
apparatus in a direction of movement of the apparams, In
operarion, this offser projecting wheel will contact the wall
to erop the forward movement of the spparatus on one side
thereby causing the cleaner to pivat und! the opposite side
makes contaet with the wall so that the longimdinal avis of
the cleaner forms an angle “'b" with the sidewall of the pool.
When the cleaner moves in the reverse direction away from
the wall, it will be traversing the bottom of the pool at an
angle “b". An apparams equipped with only one projecting
wheel or supporing member at one comer location of the
housing will assume a generally normal position to an
opposite parallel sidewall,

In a further preferred embodiment, a cleaner provided
with a second projecting wheel or supporting member at Lhe
opposile end will undergo a pivoting moton as the cleansy
approaches a wall in eirther direction of movement. The
angle “b”’ can be varied or adiusted by changing the distanee
the wheal projects beyond the periphery of the cleaner As
will be-appreeiated by one of ordinary skill in the art, the
angle “b” will determine the cleaning pattern, which pattern
in mrn will relate ta the size and shape of the paol. the degree
of overlap on comecutive passes along the surface w he
cleaned, and other customary parameters.

In order ta change the direction of movemesnt when the
cleaner assumes a path that is generally parallel to an end
wall of the pool, the cleaner is provided with ar least one side
projecting member that extends ourwardly from the cleaner
housing from a position that ean range from af or adjacent
the forward end to midway between the drive wheels or ends
of the cleaner, The side projecting member sty a3 2 pivot
point when contacting & sidewall of the pool so that the
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cleaner agsumes an arguate path untl it engages the contact
wiall. Wheri the unit reverses, the new cleaning parrem is
inidally ar approximarely a right angle to the former scan-
ning patiern.

In another embodiment of the invention, 4 pair of the
wheels located at onc or both ende of the cleaner are
mounted for rotation ar an angle that is not at 90° or gormal
10 the longitudinal axis of the cleaner. Where the pairs of
froot and rear wheels are ¢ach mounted on & single trans-
verse axle. one or both of the axles is monnred at an angle
thar is offser from the longitudinal normal by an anple “b"".
In another preferrad embodiment, one side of the axle is
mountzd in & slot that permits movement to either the front
or rear, of 1 both fromr and rear, in response 10 movement
of the appararus in the opposite direction.

In yet apoiher embodiment, al least one wheel of a
dizmeter smyaller than the other wheels iz mounted on an axle
to induce the apparatus o follow & curved path. In another
embodiment, the apparatus is provided with at least one pair
of caster or swivclemounied wheels, the axes of which
independently pivot in response o changes in direction so
that the apparatus follows 2 eurved path is one or both
directions. In thig embodiment, providing the apparatus with
two pairs of caster-mounted wheels will produce a scalloped
or accentuated cnrvilinear marion as the unit meaves from
one point of engagement with the verrical sidewalls to
another,

In & further prefecred embodiment of the slot-mounted
axle, one or more posilon pins are provided 10 fix and/or
change the range of moverent of the axle in the siot. These
adjustments allow the operator o customize the patlom
based upon the size andfor configuration of the specific poal
being cleaned.

Another cmbodiment of the inventon improves the akil-
ity of the cleaner 1o follow a particular pattern of scamming
without interference or immobilization by providing an
improved connector for the power cable, A swivel or rotating
electrical conneclor is provided betwesn the cleaner and the
external power ¢ord in order 1o reduce or eliminate inter-
forence with the scanning peitern caused by twisling and
coiling of the power cord as the cleaner chanyes direcrion,
The swivel conneetor can have two or more conduetors and
be formed m a right-angls ¢r awaight configuration, and is
provided with a walertight seal and releasable locking
means o retain e wo ends Totatably joined against the
forces applied during operation of the cleaner

In another embodiment of the invanton, control maans
ate provided to periodicaily reverse the propelling means to
assure that the cleaner does not become immobilized, o.g.,
by an ohstacle in the pool. If the pool ¢leaner does mot
change ite origntztion with ragpect to the bottnm or sidewall
&s indicaled by a signal from the mercury switch indicaling
that such transilion has ccevrred during the prescribad
pericd, e.g., three minutes, the conrol circuit will automati-
cally change, the direction of the drive means in order Lo
permit the cleaper to move away from the obstacle and
rosume its scanming pattern. In a preferred embodiment of
the invenricn, the predetermined delay period berween aung-
roversal sequences is adjusiable by the user in the event that
a prearer or lesser delay cyele tme i desired, Sensors, such
as magnetic and infrared responsive devices are provided to
change the dixection of movement iri response to prescribed
sonditions.

BRIEF DESCRIFTION OF THE DRAWINGS

The above objects and other advantages and bencfits of
the invention wiil be apparant from the following descrip.
tion in which:
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FIG. 1is a side elevarion, partly in cross-section, of 2 pool
cleaner illustraring one embadiment of the directional water
Jjet of the invention:

FIG. 1A is a side elevation, partly in crosg-scction, of
another embodiment of the invention of FIG. 1:

FIG. 1R is a side elevation, partly in cross-sestion, of a
water jet valve assembly schematically illustrating another
cmbodiment of the inventdon of FIG. 1:

FIGS. 2 and 3 are side elevation views, partly in cross-
sccton, schemarically illusrraning the operation of the water
Jjet valve assembly shown in FIG. 1:

FIGS. 4 and 5 are side elevaton views of the embodi-
ments of the valve assembly of FIGS. 2 and 3 provided with
additional vertical discharge valves of the invention;

F1G. 6 1s 2 top plan view of a flap valve member suitable
for use with the smbodiment of FIG, 1
FIG. 7 is  top plen view of a flap valve agsembly locking
bar; ]

FIG. 8 i 2 side elevation, parly in cross-section, of the
valve assembly of the invention installed on a pump;

FIG. 9 is & side elevation of the embodiment of FIG, 8,
schematically dlustrated in relation o & poo! cleaner, shown
in phamom;

FIG. 10 is a side clevation of another embodiment of the
waler jet valve assembly of the invention schematically
iliuswrated in relation 1o 2 cleaner, shawn in phantomn:

FIG, 11 is a side clevaton of another srnbodiment of the
warcr jet valve assembly of the invention schematically
fllustrated in relation to a cleaner, shown in phantom;

FIG. 12 is a side elevation of another cmbodiment of rhe
water jet valve assembly of the invention with pressurized

- vaer supplied by an external source, schemagically illns-

traled it relation 1o a cleaner, snown in phaniom;

FIG. 12A is pside elavarion view, partly in erqss-secrion,
of a modificd dischurge condnit attachment in accordance
with the invention;

FIG. 13 iz g side elevaiion, parnly in crogg-seclion, of a
pool cleancr equipped with the warer jet valve aegembly of
the invention and external pressurized water sourcs with
venmri dischawpe outlets; ;

FIG. 14 schematically illustrated an embodiment simitar
10 thar of FIG. 13 in which the filer sysiem is externally
mounted;

FIGS. 15~17 ars side elevation views of a cleaner pro-
vided with auxiliary support meaus in accordance with the
invention to improve the movemenl over obstacles angd
irregular surfaces: .

FIG. 18 is a wop plan view of a tandem cleaner provided
with -two water jet valve assemblies of the invention:

FIG. 19 is a sids clevation of a prior art pool cleaner,
parily cut away to show a fluid activated plunger assembly;

FIGS. 20-22 are side elevalion views of pool cleaners,
parlly cut away, to show laterally mounted directional pivat
assemhliss of the invention:

F1G. 23 i3 & wp and side perspective view of a Pportion of
a poo] cleaner 1o show a dischargs conduir provided with an
adjnsmable divemer for varying the directional discharge of
the water jet form the valve asgernbly;

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

FIG. 25 is a wp plan view of 2 cloaner illustrating one
cmbodiment of offsanting the discharge conduits to produce
4 non-lincar movement of the cleafer in both directions;

20

23

30

25

a0

45

50

8

FIG. 26 is a top plan view of a cleaner provided with
meEAns 10 creatt gn uneven hydrodynamic drag force on side
of the cleaner to produce a non-lincar movement of the
eleaner in one directon.

FIG. 27 i a side perspective view, partly in crogs-section
of an in-line electrical comnector of the invention shown in
relation o a segment of the cleaner housing;

FIG. 28 i a side elevation view, partly in cross-section, of
an angular ¢lectrical swivel connector of the iovention;

FIG. 29 is a plan view, pantly in cross-section, of another
embodiment of an in-line swivel cloctrical CONNECIOr;

FIG. 30 is @ prospective view of the assembled in-lige
swivel connector of FIG. 29 sehematically illustrating its
relation to the cleaner;

FIGS. 31A and 32A are top plan views schematically
illustrating the prior art construction of a poal eleaner wirh
pivat members extending from the front, and from the front
and rear, regpectively, in the direction of movement of the
cleangr;

FIGS, 31B and 32P are schematic representations of the
patlem of movemant of the prior an pool cleagers of FIGA,
31A and 32A, respectively;

FIGS. 33 and 34 are top pian views schematically llus-
traling cmbodiments of the invention in which the glezner's
supporting wheels extend beyond the periphery to the front
and to the front and rear, respectively to provide a pivol
poinr;

FIGE. 35A and 35B are schematic ilusmarions of the
pattems created by the embodiments of FIGS, 35 and 36;

FIGS. 35-44 arc top plan views schematically illustraring
smhodiments of the invemion in which the eleanes’s sup-
porting wheels are mounted on one or more axles thar aye

- offger-gi-an-angle to line that is nomaal to-the-longimdinal

axis of the ¢leaner,

FIG. 45 i a side elevarion view of an adjustable axle and
wheel assembly similar to the embodiments illnsrated in
FIGS. 43 and 44;

FIG. 46 is a plan view of a curvilinesar or free—form pool
or tank schematically iflusirating the predersrmined scan-
hing pattem in sccordance with one embodiment of the
inventow;

FIG. 47 is 2 botiom plan view of ene end of & poo! cleaner
wheel and ax]e essembly illusiraring a mechanisr for aute-
manically changing the orlentation of the wheels in response
to a lareral contact with the zide wall of 2 posl;

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

FIG. 48H is a sectional view of the opposite wheel and
mechanism taken along line B—B of FIG. 47,

- FIG. 49 is a sectional vicw taken along a line 49—49 of
FIG. 47;

FIG. 50 is & 1op plan view of a cleancr equipped wirh
motor-grven supperting rollers on & moving zxle in accor-
daniee with the invention;

FIG. 51 is a top plan view having supporting rollers and

-2 sliding axic in acoordance with the invention that includes

& universal joint; and

FIG. 52 is 2 flow chart illustrating 2 method of the
inventen for seversing the dircction of movement of a2
cleaner In accordancs with a prescribed program.

DESCRIFTION OF THE PREFERRED
EMBODIMENTS

In the description that follows, a pool cleaner 10 has an
cxterior cover or housing 12 with 2 10p wall 16, an inernal
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pump and drive motor 60 that draws water and debrs
through epenings in 2 bege plate that are entrained by a flter
6l

The series of FIGS, 1-14 illustrate embodiments in which
a single rolor is used to vacuum debrs and propel &
Switnming pool cleaning robot in combination with
mechanically simple directionsl control means. In this
embodiment, a temporary intefruption of power 19 the moror
will result in the reversal of the robot's movement. The
interruption of power to the motor can result from a pro-
gramumable power control circuit or be initiaed by physical
conditions affecting the ¢leaner :

FIG. 1 schematically illusrrates, in partial cross-section, a
pool cleaner 10 having s water ja1 valve assembly 40
mounted on top of a motor-driven water pump 60 using
impeller S8 to drive water “W"' up threugh housing apertore
17 and into the valve assembly, The valve asscmbly 40
comprises a generally T-shaped valve housing 42 wilk
depending leg 43 secered to cleancr honsing fAange 18 and
in fluid communication with discharge conduits 24R and
44L. Positioned in the interior of valve housing 42 is flap
valve member 46 (shown in a mansitory posidon), As besl
shown in FIGS. 6 and 7, flap 46 iz provided with mounting
posts 47, and two “T™-shaped spring-loaded lock bars 48R
and 48L pivotally mounted on pivot posts 4% on either side
of the flap 46. Lock springs 50 urge bers 48 into contzet with
Bap member 46. The cross-section of conduits 44 can be
round, rectilinear, or of any other convemient shapc, the
rectangular sonfiguration illustrated being preferred,

FIG. 2 illustrates the sequence of movemants inside valve
housing 42, Wher power 16 the pump motor 60 is tumed on
and water is being pumped through jet valve housing 42, the
pressurized water stream W enitering the housing acts on the

flap member-46-to-urge it-into position - to-close digchiarge: -

conduil 44L at the left side of the valve and applies a foree
that urges the lock bar 48R 10 fold away from the valve
member 46 in the right discharge condujl 4R, resulting in
a warer jet propulsion force thal is cmitted from the right end
of discharpe conduit 44R.

FIG. 3 illustrates the next ssquence of steps or movements
thar resull when power to the motor 60 is shut off andfor the
fow of water W is interrupted, The sudden interruption of
the water W flowing into the valve housing 42 causes the
exiting water gucam w0 creale a low pressure or partial
Yacuum, thereby cavsing flap member 46 to swing towards
the ngl discharpe condudt, This moverment of the flap
member 15 [ollowed by the movement of left lock bar 46L
1o lock the valve member 46 into position Lo the right of
center. When power to the motor is rurned back on, the water
fiow will be directed inlo left discharge conduil 441, i is
pogsible to operate jet valve assembly 40 without lock Dars;
however, precise tirning is requirsd to mm tha power on and

lo reactvate the pump 60 befors valve member 46 swings -

batk to its previous position prior to e imerruption of the
water How,

FIG. 4 illusirates a further preferred embodiment in whish
provision is made for a rcduction of eacessive water jet
Pressure throuph the open end 45 of conduite 44R and 44L.,
To conmol and adjust the water pressure, openings ars
provided at both sides of fiap valve 46, and adjustabls
closures, which can be ¢.g., sliding 53R, 33L doors PrOxi-
meare the openings provide for the desired amount of by-pass
water, the force of which, when directed upward, urges the
robot 10 against the suface of the pool.

F1G. & illnstrarss an automaric mechanism to accomplish
the above in which spring-loaded doars 54R, 541 open when
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the inidal operating pressure is too high to maintain proper
speed of robot, e.g., when the filter bap is ¢lean. Doots 54
are mounted by hinged members 55 and higed into a closed
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 ¢configuration of a prefarred embodi-
ment of the flap valve member 46 and FIG. 7 shows one
embodiment of the lock bar 48 and the relation of assosiated

lockspring 50. Other forms of biased mechanisins, including

electronic and electro-mechanical means can be employad.

In amther preferred embodiment of the invention, te flap
46 is moved by positive mechanical means in response to a
contact with a side wall or othar struchere in the pool. For
caample, FIG, 1A illusare & cleansr 10, similar in con-
stmetion to that of FIG, 1, on which is mounted valved
assembly 40 Valve actuating member 240, ig slidably
mounted itemally and parallel to the axis of the discharge
conduits 44 in spiders 250 und passes through & slotted
opemng 248 in flap member 46', Contact members 244 and
246 are mounted on rod member 240 on cither side of flap
mermber 46’ and posilioned o urge the valve inlo one or the
other of its sealing posiions 1o divert the water low W. In
operation, as the cleaner 10 approaches 1he sidewall, resil-
ient ip mernber 242 conlacts the wall and rod 240 is maved
to lhe left in FIG. 1A untl contact member 244 r=aches flap
46" and moves it to the dghl When lefihand wheel 30
reaches the wall, the movement of rod 240 ceases and ftap
46' ig seated, With warer W exiting discherge condnit 441,
the cicaner moves sway from the wall with actuating rod 249
exiending beyond the periphery of the cleaner and posi-
tcned to coniact the opposite wall. Where ths Pprocess is
Tepeated.

In anotherpreferred embodiment, the Tap 44 is moved by
elecrromechimica! meang, e.g., 2 linear or cireular solenoid,
As schematically illustrated in FIG. 1B, a circular solidodd
260 having power cord 261 is wounted on the exterior of
valve housing 42, The axially rotating el=ment 2672 of
solenoid 260 engages flap 46. In one prefemed embodiment,
the IC controlier for the cleancr sands 3 signal 1o activae the
s0lenoid moving the flap 46 1o its opposing position. It will
be understood that the ferce of water stream W will seat flap
46 in the reversing position, !

FIG. 8 illustrates the jet valve pssembly as described in
FIG3, 1-3 on which additonal dizectional flow elbows
120R,, 1201 are secured to the terminal ends of the discharge
conduits 44R, 44L, The assembly 40 can be produced with
elbows 120 as an imepral unit from molded Tlasiic, cast
aluminum or other appropriatc materals.

The water jer discharged from the elbow 120 at an angle
“2" to the wanslational plane of movemen: of the leaner 10
produces & force vector component in a downward ditection
towards the wheals 30 as well as a translational force vermpr
tending 0 move the cleaner across the suface being
cleaned.

- FIG. 9 illustrates the cspecially preferred: location and
origntation of the jet valve assembly 40 of FIG. 8 ip ralaton
to robotic cleaner 10 (shown in phantom.) In this
exbodiment, the. discharpe condunits 44, through their asen-
ciated elbows 120, profect throngh the sigewalls of housing
12.In a further preferred embodiment, the elhows and valve
housing. 42 are integrated imo the molded housing 12 which
is produced from an impact resistant polymer, With further
reference to the amow “VR” indicates the resuliant vector
force produced by the expelled jer gtream, the angle “a" of
whirh is critical to the proper movement of robot 10 while
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on or off The vertica) or enpled slde wall of 2 pool. As shown
in FIG. 9, the projeeted resultant vector At crosses the
horizomal or translational plane between the axles 32, and
preferably in closer proximity to the fromt axle, whers the
fromt ax]e is defined by the dirsetion of robot's movement as
the leading axle. Providing an angle that places the line of
resultant vector “At™ betwesn the axles gasures the stable
operarion of the cleaner,

In addition 1o providing & more compact and damage
resistant consirzerion, incorporation of discharge valve 40
into housing 12 reduces the number of separalz parts
required for the practice of the invention, thereby reducing
C08Is. In this regard. use of a source of pressurized water
from extcrnal source as specifically ilustraied in FIGS.
12-14 (and which can be applied 10 all of the other embodi-
ments described) eliminates the pump and moter assermbly
60 resulting in further cost and malerial savings, as well ag
& reduction in operating and mainienance EXPENALS.
Morzover, by incorporating the valve assembly 40 in the
interior of housing 12, other elements conventionally
anached 10 the extedor of cleaners of the prior art can
continue to be used, eg., Aoating hardles that control the
alignment of the wiit on the sidewall at the water line of the
pool.

FIG. 10 illustrates 2 jet valve assembly similar to that of
FIGS. 1-3 thar is mounted upside down in a roborie sleaner
(shown in phantom). In this embodiment the mator Dperarss
lwo propellers, one located at cither and of the drive shaft,
The wpper propeller S8A sreates a downward foree, which
when conpled with the horizontal or ranspational et foree
emirtted from discharge conduit d4R or 445 produces 2
resultant vecior B that can be set in the proper angle by
selecling the Appropriate sizc for the upper propeller. In this
cmbodiment, directional elbows are not required to provide

- dgwnward hydrodyhamic fofes Vacior o Grge the Eppac
raws inlo contact with the surface to be cleaned.

FIG. 11 illugirates a jet valve assembly 40 that is movnted
in cleaner 10 in 2 hordzomal position, peniting a Igw
profile for the cleaner housing 12 In the embodiment
shown, the housing 125 supporied by large diameter wheels
30 and the axles 32 arc positioned above valve asgetnbly 40.
As a mesult of the low cener of gravity of the unit the
discharge of the propelling force of the water jet can be
limited to the horizontal or ransnarional direction, The large
wheel dinmeter allows the unit 1o raverse uneven surfaces.

FIG. 12 illustrates 2 jer valve asscmbiy which i con-
necied to an exiernal pump (not shown) by 2 fexible hose
152 attached to houging adapter 150 and therefore Tequires
no internal pump motor. The hose 152 is secured (o the
robotic cleening apparatus by means of swivelling elbow
joinz 154 w0 allow unimpeded movement of the robotic
cleaner and to prevent twisting of the hoss 152. The switch-

© ing of jet valve is acegmiplished by a solenoid valve (not

shown) installed in-line near the ouside pump. Cleaners

using thie extemnal pump system do not have flter bags to
collect debris. Rather, the jet outlet s deflected glightly
dowpward loward the surface being cleaned by directiona]
fow ethows 120R, 120L o that the water Jjet turbulence strg
up the debris from the bortom of pool; once buoyanr, the
debris is filered by the pool’s permaneni internal filter
system, Generally, outside fillering systems have multiple
inlets 1o the pool, one of them vsually is équipped with &
fitng so that flexible hose 152 can be connected to it
Utilizing this embodiment of the invention, e outsids filer
systern becomes much more efficient singe it i= abls o flter
not orly floating debriy from the water's eurface, but also
debris dislodped from the bonom of the pool. To assure the
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downward directed jet smeams do not flip the eleaner,
supplemental weight member 1-56 is added to the bottam of
the appararug to maintain an overall negarive buoyaney, The
weight member can be one or more batteres for Droviding
power 10 cleaner 10 where the pump is powered by an
internal motor, as in FIGGS, 1-11. :

FIG. 12A Mustrates a bi-axial flow diverter 124 agached
1o discharge conduit 44 for use with te robot of FIG. 12. I
is desirablc for ease of handling not to add additional weight
to the cleaner. Insread of adding weight 186, the discharge
conduit in this embodiment js provided with flow diveriag
with at least two channels shaped so that part of the emitted
waler iz direried downward at a relatively shallow angle,
while the other porrion of the siream is directad upwardly at
Brealer angle to the transnetonal plane, The combined foree
of the iwo streams results in a vestor R that urges the robot
against the surface on which it is moving. FIG. 13 flluarates
a robot of construction similar to that of the cleaner of TIG.
12,

This embodiment is squipped with a course flter medinm
172 (shown in phantom) and means 176 i dislodze debris
from the pool surface so that it can be drawn inte the filtes
172. The open ends discharge conduits 44 are eash Rited
with an expangion sleeve 190 thar i larper in its inside
dimenzion(s) than the ouiside dimension(s) of the discharge
conduit The gap between the condwil 44 and slceve 190
creates a path throngh which water draws by the ventur
eflect created as 2 result of the sudden increase in volume of
the flow path and eorresponding pressure drop. This pressurc
drop creares a Negalive pressure inside the robor housing 12
80 that the jet streams that converge under the cleansr arc
able 10 lift debris and carry it into contact with the robor's
filter medium 172. The jet streams are tapped off the inlet
gide of valve -assembly -40-by-hosesr-178 connected to 5 -
wransverse manifold 180 ar the front and back of the robot.
The manifold 180 hae tultiple opsoings 175 that extend
across the fill width of the robot's housing so thar the jer
cleaming strearns impinge on the entire surface 1o be cleaned,

FI(3. 14 ilinstraies another embodimant of the inventon in
which the cleaning robot is opersred by an external pump
{(not shawn). As shown in The cross-sectional view, the
cleaner is provided with two external coarse filter or col-
lector bags 173 that are secured to the outlets of the venms
chambers 192. Oudet jets 194, fed by hoses 193, are
positioned in the chambers 192, Warer istuing from jers 194
creates a low pressure zome drawing up water and loose
debris from beneath cleaner 10, the debris being retained by
filter bag 173. The chambers are conmecied to the inizke side
of the jet valve housing 44.

FIG. 18 illustrates a robot that is equipped with a plurality
of auxiliary whes! or rollers 30' along the botiom or sids-
walls betwecn the supporting wheels 30 at either end of the
clegner 10. The auxiliary wheels can be mounted for free
rotation ¢n the housing 12 or cxternal sige plate, This
conflguration prevents the robot from being immobilized on
a hump or other vertical disconrinuity in the bottom swrface
of the swimming pool or tank being cleaned.

FIG. 16 illnsrrates a robet similar to that of FIG. 15, but
instead of wheels or rallers, the botlom edges of the robat's
gide walls 12 or side plates 15 facing the paol surface are
provided with Teflon® or other low-fricion enginecring
plagtic strips 201 5o that the apparamy slides along on the
botiom edges.

FIG. 17 illustrates another embodiment of the robot that
is equipped with “immobilization™ means. These megns
comprise two idling wheels 204, 206 compected to each

052/ 064



OrA15/z004 1637 IFAK

+ BICHEN, M.

Case 1:04-cv-05492-GBD Document1 Filed 07/14/04 Page 53 of 64

US 6,742,613 B2

13

other by a belr 208, It should be noted that although the
so-called “immobilization" daviees generally are insralled
on opposing sidewalls of the robot, there arc instances in
which it is degirable to equip the z¢bot only on one side, This
will result in random fming of the robet in one direction or
the other wheasver it poes over a bumtip as shown in FIG. 15.

FIG. 18 illustrates a cleaning robot with two watsr jat
valve assemblies to which are attached directional flow
¢lbows 1), In additon, there are a plurality of pumps
having outlers 220) to incroase the vacuum effect and ¢lean-
ing ability of the robor The multiple jet valve system is
especially suited for remote control operatiow, since sach jet
valve ¢an be costrolled independently. As illustrated, the
robot is equipped with rollers 30'; however, wheels can also
be uged with this embodiment.

Vertical Pivot Axis

FIG. 19 illustraies & conventional fixed spring-loaded
cylinder assembly 330 of the prior art which is acrivared by
hydranlic foree supplied by 2 pump motor (not shown) via
hose 342, the timizg of which is controlled electromically,
e.g., by a pre-programmed integrated cireuit device 344,
When the hydraulic force is applied, the pision 346 moves
1 trigape the surface causing the clzaner w pivot aboul the
axis of piston 346. Use of this device produces randem
mmotion by the clemer.

FIG. 20 illustrates g robor that is equipped on one side
only with a cylinder assemmbly 300 that is free to rotare
longitudinally towards both ends of the cleaner. The assem-
bly's upper.end 302 is pivowully mounted ar 304 on the side
of the robol et a posirion that is wansversely displaced fram
the ceniral longitudinal axis of the apparatns. Al the lower
cnd of the eylinder 300, 3 spring-loaded piston 306 extends
downwardly toward the bottom of the pool. Fach time the
robot reverses fts direction, the cylinder assembly 300
" "applies a trafitoTy frctidnial braGig Torce i the toton of

the robol on one side which results in g pivoting action about
the vertical axis of the piston and the repositioning, of the
longitudinal avis of the apparatus. This braking action lasts
unti} the pigton 306 is pushed inlo the surrounding cylinder
308 far cnough o allow the cylinder assembly w© pivot past
ite vartical position. The rate at which the piston moves can
be gonuolled, e.g., by an adjueiable valve 310 ar 1ie 1op of
lbe cylinder, In the practies of this embodimem of the
inventlion, the robol can have wheels mounted on fixed axles
in paralle]l relation and stll be able w scan the botiom
surface of a rectangular pool.

FIG, 21 illustrates a tobot that i5 eguipped with an arm
320 pivotally mounted on on¢ side of the cleaner housing at
a posizion eimilar (o that of FIG. 24, hut which engages the
pool hottorn when the cleancr moves in only one direction.
The lower end of arm 320 is areuste, ep., sbhaped as a
segment of a cirrle, the center of which coincides with the
pivot point 324 of the arm. A cylinder assembly 322 similar
to the one degeribed 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; movemernt in the other
direcrion is controlled by an sdjustable valve 310, When the
tabol changes direction, only every second time does the
cylinderassembly apply a frietional braking force to halt the
forward motion of the robol. Use of this apparatus and
method of operation produces a ecanning pattern for the
cleaner that which consists of alternarng perpendicular and
angular paths with respect to the sides of a rectangolar pool.
In pools where the robot climbs the verrical side walls, the
breking or pivol arm will contnue Lo pivor while on the wall
(due to gravity) as shown in phantom, s thal when the robot

-comes off the wall, the arm will not immediately touch the
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baotiom of the pool. In this mode of operation, & few seconds
will pass bafare graviry pulls the arm 320 down to make
comiact with the bottom surface of the pool. The robot will
move horizonmally for a shost distance before it changes
direction by pivoting sround the pivat arm.

FIG. 22 illustrates yet another ernbodiment in which pivat
arm 330 cxtends in a downward dircetion to meke conragy
with the botiom fioar of the pool 1o provide a frictional
braking 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 relatvaly simpler and lcse
expensive. A friclion pad 334 i3 attached to adjustment
mezans 332 which permits the frictional contact betwern the
pad 334 and end of pivor artn 330 to be varied to therchy
comrol e pivoting tme that the opposite end of said arm
is in contact with the pool siwface and before disengagement
of the pad and pivot amm. The friction pad ¢an be a
direetional resistanse material that is, greater resistance is
provided in one direction than in the other,

As shown in FIG. 23, the open end of oae or both of the
outlets of the discharpe conduit or directional flow clbow is
provided with imernal fow dvertar means 550. Inlemal
dove (ail configuration 35 has an outwardly tapered throat
and iz provided with adjustable diverter flap 554 in the
discharge fiow path that direzts the fiow of water to one side
or the gther of the outlet 120. As smore clearly shewn in the
eross-secuon view of FIG. 24, the dove il outler is pro-
vided with diverter flap positioning means 556, ¢.g., two set
serews 0 adjugt the position of the diverier flap 554, The
cross-gectional area of the elbow when the diverter means is
pasitioned at pne side or the other is about the same as the
arca of the discharge conduil 120, i.e_: there iz no restdction
of the flow, or increased back pressure. By having the water
jet exit anpularly to theleft or to the fight of the longitudinal

' centerline, he T0bot will follow 0 arciale path in one

direction or the other. The radius of the arc can be sentrolled
by the adjustable positioming of the divenier flap 854, The
cleamng apparatus of this embodiment can gso be set o
operate in a more random manner by ratracting the adjusling
serews 556 to allow the diverter flap 1o pivot frecly from left
or right each time the water jet impaets it. A manually
adjustable flap 554 enables the user to changes its posirion
from time to time in order 1 unwind a twisted power eord,
shouvld that oceur,

FIG. 25 {llustrates another method by which a scanning
patern is achieved without changing-the position of the
wheels or the axles. The jet valve agsembly 40 is positioned
off-center of the cenrral longitudinal axis “L" of the cleaner
10 w thereby produce movement in a semi-circulator other
curvilinear pattern.

FIG. 26 illnstrates anather embodimant in which a sean-
ning movement is achicved by providing the exterior of e
housing 12 with a configuration thar presents an asymmetri-
cel hydrodynamic resistance to movement throngh the
water. In the specific embodiment fllustratad, the wneqoal
hydrodynamie registance is effected by adding a resistance
fiap 560 to one side of an otherwise symmetrically designed
tobol bousing 12. The water resistance causes the robot 1o
curve 1o the lefl or righr, I the resistance means is pivotally
mounted ar 562 as shown, the robot moves straight in one
direction and assumes a curved path in the other, A pluraliry
of fiap position members 564 are provided for adjustng the
SWop position of pivoting fap 560 ta thereby vary the
rzaistance. The asymmeireal hydrodynamic resistance can
&lso be achieved by integrally molding the housing or one
or both ends so that il presents tnegual hydrodynamic
registance during movcment
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Power Cord Swivel Connector

In order 10 reduce or eliminate interfarence with the
scanning pattem qf the cleaner associated wirh twisting ang
coiling of the floating power eord 70 as the cleaner Tepeat-
edly changes direction which results in the tethering of the
cleaner, anorher embodiment of the iovention comprehends
8 swivel or rotatsble connectdon at a position alomg the
power cord, or belween the power cord and the moving
cleaner.

With reference to FIG, 27, thers is schemadcslly i1Tus-
wated a cross-sectional view of the upper surface 16 of
housing 12 provided with an aperture 78 adapled to aecom-
modate socket portion 82 of clecrrical swivel conncctor
socket 80, Socket 82 is fabricared from disleciic material §3
and is provided with clectrical contacts B6a and 88c which
in tnrn are joined to female plug 90 by conductive wiges 89,
Plug 20 i3 adapted to mare with male plug 92 which
terminales alestrical wire 93 from the molor (not-showrn.)

With further reference to socker 82, o groove 94 is
provided proximate the opan end to recefve an o-ring 96 or
other means for sealing the socket and locking the plug or
Jjack portion 84 inlo eecure mating relation. Jack 84 is
comprised of insert member 98 fabrirated from dielectric
material, and elecirical contacrs 865 and 88k that are adapled
to be recajved in sliding conracr with corresponding ele-
ments 86a and B8a in socket B2, Insert member 98 is also
rovided with a proove or annular recess 99 thar is pdapred
10 cngage ring 96 in fiuid-right sealing and loeking relation-
shipy when jack 84 engapes socket #2. I will also be
understood thar different or additional meons can be pro-
vided to secure the mating secrions 82 and 84 topethier, Lhat
will also permit them 1o rotate when mated. Insert member
9% is securad in warer-tight relation to right angle member

100, preferahly fabricated from a resilien: dielecirical

- material, through which ‘aé passed & pair of elécideally
conductive wires (not shown) from power cord 7 that
terminale, respactively, al conduciors 86b and 862 Righr-
angle jack member 100 is also constucied with 2 plurality
of flexure members 102 about its periphery in order 1o
provide addivionzl fiexibility between the housing connce-
tion and the power cord 70 during operation of the cleaner,
It will be understood that the right-angle jack member 100
will freely swivel in the opening of socket member &2 in
response to a force applied by power cord 79. Thus, the
power cord 70 remains frec of coils, does not suffer any
effective shortening in its lengrh and therefore does not cxert
any lethering restraining forces on the cleaner thar would
adversely cflect the zhility of the cleaning apparatus to frasly
rraverse ity path.

With reference to FIG. 28 there s shown a second

embodiment of an electrical swivel conncetor for joining the

power cord 70 to the motor elecitical wire 93 via elements
as described above in coancction with FIG. 27. In the
embodiment illustrated, a straight-line swivel iz comiprized
of socket member 82' and plug member 85, the former being
Joined by a short length of power cord 91 extending through
Iestraining gacks| 79 seanred in opening 78 in a sidewg]] of
cleaner honsing 12. The two sections of the swivel conmector
are securely joimed topsther in rotating rclatonship as
degcribed above with reference to FIG, 27 As the cleaning
apparatus maves about the pool serfaces, the socket Be
MOVEs I Tesponse to the tension wansmitted through power
cord 70 end any twisting or torsional forges are dissipated by
the rotation of plug 85 in socker member 82, The power cord
thercfore does not form coils, or otherwise hava i effective
length reduced, and does mot 80D adversely effect rha
movement of the cleaned,
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In another preferred embodiment of the swivel CORnEcLOr,
# permanent in line or straight connection berwesn rwo
sccrions of power cahle 70 is provided by a comneeror
permitting angular displaccment betwsen-jie slaments, As
llusrated in FIG, 29, copnector 104 comprises 3 rigid
non-corroding fermle 108, which can be in the form of g
length of polymeric or stainless steel mbing, thar extends
between waterproaf tubular junetion members 106, 106" that
also receive opposing cable ends 70. One of the Jjunction
mexwbers 106 containa elecircal connector jack 107 and
plug 108 which are axially romatable with respect 10 each
other, A conductor pair 109 of cable 70 are permanently
joined to the adjacent terminals of jack 107 and securad m
place within junction member 106, eg., by a plug of
flowable cpoxy resin 110 o other poning material rrat
hardens after the elemens have been assembled.

With further reference to FIG, 29, a peir of conductors 111
extending from the rear of plug 108 extend axially through
ferrule 105 and a bushing 112 is placcd on ferrule 105 to
engage the rear shoulder of jack 108, In a preferred
¢mbodiment, the ferrule end is flared and the adjacent
surface of anmular bushing 112 is shaped 1o recejve the
ferrule. The junction member conteining the contector jack
and plug is completed by seturing on tubular mmember 104,
cap 113 having a central orifice into which is secured axial
seal 114 which passes over ferrule 105 and permits rotarion
of the ferrule in water-tight relatjon. The gssembly of the
adjoining junction mcmber 106' is complered by Jjoining
conductor pair 111 to the conductor pair 109 of cable 70 and
flling the end with flowable epoxy resin 110 and insalling
¢ap 113" When the epoxy or other potting compound has set,
it will be understood that the two ends of cable 70 are
permanently joined and thar farrule 105 has bean secured to

. junction member 106 in water-tight relarion and that. phug
35 108 is frce to rolate with respect to jack 107 and the

assembly of junction member 106. In this embodjment, the
swiveling or rotatable connecior assembly 104 is positioned
approximarely three meisrs from the cleaner to reduce the

. likelihond thar the user will lift the clesner from the pool
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using a secrion of the power cable that includes the connee.
tor.

As schematically illustrated in FIG. 3@, any twisting or
torsional forces transmined by the movement of the cleansrs
10 throngh the attached length of power cord 70 will he
dissipated by the rotation of member 106,

It will also be understood by one of ordinary skill in the
&rt that various other mechanica] sonstctions can be Fro-
vided that will permit reletive rotation berween adjacent
sections of the power cable, one cnd of which is aitached to
the cleaner and the other to the exwrnal fixed power supply
1o theraby climinate the known problems of cable twigting,
coiling and tethering that adversely effect the desired scan.
ning patiems or rardom moton of the pool cleaner.

Axle Onientation

By Way of backpronnd, the saries of FIGS, 31A and 324
ire representative of the prior art. FIGS. 33-44 schemagi-
cally illustrate in plan view the gpparams and methods
cmbodying the invention 1o control the movement of a
fwimming pool cleaning robots 10 to produce systemalic
scantng pattemns and scalloped or curvilinear patterns, and
to provide controlled random movement op the batrom
surface of pool, The configurations will provide one or more
of the above three mentoned movemenus. The cloaner can
be propelled either meehanically or by o discharged jet or
stream of water.

In the prior ar arrangement shown in FICL. MA, an offset
extension member 400 i3 secured to one end of housing 12
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at & posilion that is displaced laterslly from the longitudinal
axis “L" of the clesner and which causes the robot to

position itself angularly in relation w vetical swimming:

poal wall 401 (shown in phagom.) When the robor 10
reverses its direcrion, it wravels at an angle “b" away from the
side wall 401. When cleaner 10 contacts the opposite side
wall 403, (he robot's body again pivots and comes to rest in
a position where its longimdinal axis “L" is at a 907 angle
to side wall 403. The resuliing scanning paners is illustrated
in FIG. 31BE.

In the prior art configuradon of FIC3, 32A, a sccond offset
extension member 402 is added to the hovsing opposite
extension member 400, The scanming patermn provided by
W Oppasing exiension members is generally shown in FIG.
32B. The 90° pivoting mmé occur in both a ¢lockwise and
counter-clockwise direclion.

In accordance with the itnproved method and apparatus of
the invention, separate members projecting from the front
and rear housing surfaces are éliminated, and in one pre.
ferred embodiment, ot leest one supporting whesl, or track,
oroller end, projacts beyond the periphery of the eleaner in
the direction of movement to contact a vertical side wall or
other pool surface.

In the preferred smbodiment of FTG, 33 one of the whaels
30z is mounted so that it projects forward of the housing 12
85 a pivol point and thereby causes the same angular
alignment berween the robot 10 and swimming pool wall
401, as the gppararus of FIG. 31 and producas a scanning
stmilar (o that of FIG. 3A. With furlber reference to F1G. 33
Is a ball-shéped side extension 404 termdnating in tip 406
fommed of resilient, soft rubbery rmaterial which, when i
+ comes in contact with the end of pool 405407, cavses the
10bot 10 make a 90° pivoting, indicated tum by arow in FIG.
31B. As rhe pattern shows, every time this 90° [urg eccurs
" ihe éleaner TRy T 6, Elodkwist diredion, If Wil be Toder-
stood that if the side projection member 406 been placed o
he upper lefr side of the housing 12, the 50° wms would
have been counter-clockwise.

In the cmbodimem of FIG. 34 two opposing wheels 30a,
305 at the Iell =ide of robort 10 are mounmed forward of the
periphery at their respective ends of the cleaner o provide
a transpational pivol axis. This confguration creates a
scanming patiern similar to that shown in FIG. 32B. In tis
embodiments of FIGS, 31A 10 M, the wheels are individu-
ally rowatable and their axles e stationary. Wit this
embodiment, power cabla twisting is ol & problem.

With reference to the embodiment of FIG. 35, g pair of
wheels 30¢ are mounted on caster axles pivoted for limited
pivoting movement defining an arc in rranslational plan
passing through the center of the whecls, The axles and
wheels 30c swivel so that when the robot moves in the
direction opposite the caster moumts, all four wheels are
parallel with each other along the longitudinal axis of the
robot. When the robor movas in the opposits direction. i.e.,
the caster whaels are leading, the casier wheel axles swivel
or pivol to & predelermined angle, which angle can be
adjustable. The robot scans & rectangular pool in a manmer
shown in FIG. 35A, where the path is curvilinear in one
direction and stmight in the other. The angular arc can be up
to about 1 5° from the normal and is preferably adjustable to
actount for the pool dimensions.

In an cmbodiment related to that of FIG. 35 (but not
shown), all four wheels are caseer mounted, the opposiag
pairs being set for angular displacement when the cleaner
moves in opposite ditections. Thal is, depending on the
direction of the robot's movement, when one pair of wheels
are &t an angle to the robor’s longitudinal axis, the opposite
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set of wheals are paralle! 1o the axis “L", and vics versa. The
seanning pamern would be as illusirated in FIG. 35B.

In the embodiment of FIG 36, the transverse axles 32 are
mounted in an angular relation to each other so that the
wheels on onc side of the cleaner are closer together than
those on the opposite side. The scanning pattern is as
illnstrated in FIG. 358. )

As shown in FIG. 37, onc end of one of the axles is
mounted in & slot so when the robot moves one direstion il
follows a curved path, and when it moves in the opposite
dizeation (i.c.; where the slotis in the 1ear of the cleaner) the
robot follows a siraight line. {'The patters is shown in FIG,
A5A).

In the cmbodimeant of FIG, 38, the whael axles arc parallel
io each other and normal to the longitudinal axis “L" of the
mobot, and the wheels 305 on one side of the cleaner ae
smealler in diameter than the wheels on the opposite side_ The
scanming pattern is as illugivaled by FIG. 35B.

As shown in FIG. 39, all four wheels of the robot 10 are
casler moumted, and all four whesls move togerher o be
either parallel 1o the robot's axis, or ar an angle to the ax{s
"1.", depending on the direction in which the robotl moves.
The scanning patiern is as shown in FIG. 31B. The angular
displacement can be up to 45°, since all four wheels are
moving in parallel alipnment.

In FIG. 40, the four wheels are mounted to swivel in
unigon, and move as in FIG. 39, Both of their cxtreme
positions are argular to the robor’s hody, but symrmetrical 1o
each other. This arrangement provides a scanting pattem as
shown in FIG. 32B, Apain, the angular displacemeant of the
caster wheels can be up o 45° ip both directions from the
normal. It will be understood that the longitedinal axiz of
cleaner 10 will be perpendicular o the wall it contarzs.

Ag also illnstrated jn FIG. 40, both longimdinal side of the

“cléaner 10 arz provided withal Jzadt on projecting member

404. As will be described in more detail below, the pivoting
function of side exiending pivot contacts as represaned by
the specific embodirments of clemems 404, can alsa be
effectuated by elements projecting from the external hubs of
two or mere of wheels 30, or the side wall surfaccs of cover
12 or other side peripberal structure of the cleaner 10. The
trangverse projection of such elsmients is determipned with
reference 1o thejr longitudinal position and the shape or
foarprint of the peripheral projection of the cleaner on the
poo! surface. For example, 2 side-projecting frictional pivat
member located at the leading edge of e generally rectilinear
cleaner will require less projection than & single member of
FIG. 33 1hat iz located midway between the ends of the
cleaner.

In FIG. 41, both axles ers mounted in slots 320 op onc
side of the unit so that the wheels adjacent the slots can slide
up and down o be either parallel to the robot's longitudina
B¥i3, Or 4l an angle thereto, depending on the direction of .
maovernent of the éleaner This arranpement produces the
scanning pattern of FIG. 31B.

In the embodiment of FIG, 42, the axles swivel in larger
slots 320 to ackieve angular positioring of wheels to the
Tobot’s body in both extrems positions, but in symmetrical
fushion, with a resulting scanning pattern as shown in FIG.
3B,

From the sbove description, it will be understood that
wher operating in & rectangular pool or tank, the smbodi-
memts shown in FIGS. 3942 allow the robot to move
paraljel io the swimming pool’s end walls, even when it
travels other than perpendicular to the sidewalls. In other
words, (he correct scanming partern does mot require an
angular change in the alignment of the robot’s body canged
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by a forceful contact with a swimming pos] wall as with the
prior art. This is paticularly important where a water jet
propulsion means is employed, because as the filter bag
acenynuiates debris in the jer propulsion system, the fores of
the water jet weakens and the force of impact lessens, so thar
the robot’s body may not may not be able 10 complete the
pivoting action required to put it into the correct position
before it reverses direction. This i= especially true in Gunite
or other rough-surfaced pools in which a robat with even a
clean filter bag may not be able to pivat into praper position
because the resistance or frictional forces between the
wheels and the bottom surface of pool may be too graat to
allow the necessary sideways sliding of the wheels before
teversal Of the propelling means occurs.

Ay shown in FIG. 43, one of the axlss is mounted in slots
320 that permit it 10 move longiwdinally ar both ends, This
longimding] sliding motion is restdcicd by one or more
Tepositionable guide pins 330. These ping allow the user to
adjust the angular positioning of the axle to accommodate
the width or gther characterigtics of the pool. By reversing
the position of the pins or both leff and o ght sides, the mbat
will follow g pattern which #s similar 19 that shown in FIG.
35A. This method of operation will also nowind & twisted
cabls,

With further reference to FIG. 43, there are shown
mounted on the ¢nds of axles 32 or hubs of wheels 30 side
projecting pivor rmember 200, These members serve the
same funcuon and can be constmeled of marcrials as
described with reference to side projecting mermbery 404 as
deseribed in connection with FIG. 33, above. Pivel member
200 can be moynted on one or both sides of the cleansr 10
to engage the sidewall of the pool and canse the cleaner to
pivot into that wall,

In FIG. 44, both axles are mounted in slots permiting
longitudinal moveridne at botli cids ~ThHE Will allow the
robot with proper pogitioning of the guide pins to advance in
& relatively small circular pattern in one ditection and in a
slightly Larger one in the other.

It is to be poted Lhat the odd-numbered embodiments of
FIGS. 31 to 44 illuswate devices which mm only one way
when they make 90° pivoling tarns, and that the embodi-
ments of cven-numbered FIGS. 31 to 44 mrh both ways.
Simply put, when the robot scans in an asymmetrical
pattern, it ins sither closkwise or counter-clockwiss; when
the robot scans in & symmetrical pattesn, it torns in both
dircctions, The two main catcgories in relation to their
mavements. Within these principal calegories, there zre
variaions where sunight-line movements are replaced by
turved paths, e.g., in F1Gr. 35, or the two are combined, e.g.
in FIG. 35A

It 3§ relatively cesy to clean & rectangular pool in any
systemiatic scanning manoer as shown above, but if is more
difficult to clean an irregularly-shaped pool, Applying the
method and apparatus of the invention and wsing the puids
pins set a8 described above, the robot gan scallap a free form
pool in 2 systemetic manner es shown iy FIG. 46.

FIG. 45 shows the six different zrangements in which
each wheel 32 can be positioned. By pressing the appropri-
are pins 330 down or pulling them up, the whee] axle 30 can
be placad in three stationary positions; outside, canter and
nside. It can also be placed in three sliding positions outsids
to inside; outside to eenter; and center to inside. Since thers
are four wheels, the total combination of positions of these
wheels is 1206 (6 to the 4th power) which provides a 1otal
of 361 different scanning pamsrns.

In a particolarly preferrcd embodiment employing a trans-
verge axle 32 one-haif inch in diproeler, the axle supporting
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members 353 are provided with slors 320 extending 1.5
inches longitudinally 1o receive the axle in slidable relarion.
Each slot is provided with a cetitral lock pin 330 which can
oprionally be withdrawn from the slot This confipuration
pravides a sufficiently large number of combinations and
angular displacements of wheels and axles to cover esscn-
tially 2!l of the sizes and shapes of pools in common use
oday. The flexibility of this embodiment gives the wser the
ability 10 select an oprimum cleaning pattem for all types,
sizes and shapes of pools.

The embodiment illngtrated in FIG, 47 provides an appa-
ratus and methed that aulomarically switches the positions
of two wheels when the scanning robot reaches the end of
the pool Unlike the embodiments descrbed above thar
provided the robotr with meang by which to turn 90° clock-
wise or tounter-clockwise, this cmbodiment allows the
robot to mainiain ils orientation in a rectangular pool thar ig
paralle]l with the swimming peol's walls. Using this
embodiment, the power cord cannot become twisled or
formed into dght coils. Moreover, & coarse surface having a
high coeflicicnt of friction coes not adversely affect desired
scanning patterns, The robot has two sjde plates 370 which
are provided with horizontal slots 320 to hold the ends of
transverse axle 32, Pivotally mounted at pivot pin 353 on the
inner side of the side plates and overlapping the horizontal
slots erc two identical guide plates 374, 374 cach of which
is provided with an L- shaped slot 355 to fresly accomymo-
date movemen of axle 32. Two levers 356, cach of which 15
pivorally mounted al one of its ends concentrcally with the
pivot point of each of the guide plates, The other end of each
lever 356 extends imio a 457 slol 388 provided in slidably
mounied fransverse cross-bar 360, which cross-bar extends
beyond the periphery of a side wall of housing 12 a digtance
that is sufficient 10 contact on adjacent pool wall, Each of

"gdid pliide plates 354 {5 linked with its corresponding Jever

356 through a spring 362, said spring being secured 1o ping
364 protruding from said paids plates and levers.

With respect to FIG. 484, which is o view taken gleng line
4BA—ABA of FIG, 47, it can be seen tha Spring 362 is
pulling guide plate 354 counter-clockwise holding the
longer vertical leg of the vpside devwn L-shaped slor in
positon [or the wheel axle to slide freely.

With reference toy FiG3, 48E, which is 2 view taken along
line 48B-—48B of FIG. 47, it can be seen thar spring 362
pulls ormesponding opposite guide plate 354" clockwisc,
locking that end of whesl axle 32 into a forward stationary
position relative 1o the opposite &nd of the uaxla.

During operation, as the cleaner approaches a pool side
wall thal is generally parzilel w the longiniding] axis of the
cleaner, the projecting end 360R of the slidahly mounted
£ross-bar comes int contact with the swimuming pool wall,
and the bar slides 10 the left, as indicaed FIG. 49. Thisg
horizontal movement of bar 360 is tranglated into a vertical
ot lifting force on levers 356 via the 45¢ slors 358 in bar 360,
This resulis in the fipping of levers 356 to their opposite
side. This movement causes springs 362 1o pull their respec-
tive guide plates 354, 334" to the opposite position, locking
the right end of the axie 32, while frecing up the left end,
While this action on the left end of axle 32 is instantanzous,
the righr end is not locked in position untl the robot raversas
dircction, at which time the righl and of axle 32 slides into
@ rap provided by the short leg of L-sheped slot 355 in guide
plate 354. Using this apparams, the cleaner 10 continues to
travel back and forth hetween the same end walls of the pool
but over a different reverse path that is determined by the
anguiar displacement of the wheels and/or axles, thereby
assunng cleaning of the entire surface.
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FIG. B0 1llustrates another embodimeant of the invention in
which pool eleaner 10 is provided with a plurality of 1olling
cylindrical members in place of wheels. The long cylinder

. 500 is driven ar ome end by & flexible chain belt 510 at
presses arpund sprocket 512 artached 1o an eleetric motor or
water turbine drive shaft (not shown.) A palr of shorer
tollers 502, 504 e mounted on transverse axle 506, As
schematically illustrated, the right end of axle 506 i free 1o
move longimdinglly in slot 508 provided in axle suppor
member 520. The use of a drive chain and spoket allows for
changing alignment of supporting axle 506, and eliminates
problems of tensdoning and resistance to movement associ-
ated with Sming bels wsed by the prior ar. A cleaner
eonstrecied in accordance with this cmbodiment will exhibit
2 scanning patiern similar w thay of FIG. 32B.

FIG. 51 sehematically illustratas a robat 10, which uses a
pair of drive belts or chains 5102, 510k 0 power wo
eylindrcal members 306, 501, The right end of axle 506 is
free 10 move in slot 510 provided in exie support member
520 and the apposite end of axle is provided with a universal
joint 522 which in tun is artached 10 & driven pulley or
sprocket 512, The scaoning pattern of this unit is aiso simdlar
to the one shown in FIG. 328,

With further reference to FIGS. 51 apd 51, there are
shown side projecting pivol members 202 secured 1o tha
exterior of sde supporting member 520, Similarly, pivot
members 202 can be secured to the oppesite gids, ez, on
housing 12, or other outhoard supperning member 1o provide
B point of frictional engage with a sidewall of the pyol 1w
effect a pivoling tum of the cleaner into the well where it is
properly orented for eventeal movement away from the
wall, e.g., vpon reversing of the claaner’s walér jet or other
drive means,

1t will be understood that in the apparas of FIGS, 31-44,
e wheels mounted on trangverse axles can be raplaced with
cylindrical toller members of the types 1lludtraied o FIGS.
50 and 51.

In determining the optimurmn angular displacemenl of the
axles and caster mounted wheels, it will be understood that
the lenglh of the longimdinal slots provide a pracrical
limitztion om the angle of the axle, while the caster axles can
provide & grearer angniar displacement for the wheels. The
angular displacement of the coaster wheel axlss can be up
from 20° 10 45 from the normal end are preferably up to 10%,
the most preferred being up to about 5° from the zero, ar
normal line.

Auto-Reversal Scquence

One cmbodiment of (he apparatus and method of the

" invernton addresses probiems assoeizled with the immohbi-
lization of the cleaner. The electronic contel means of the
pool cleancr is programmed and provided with slecirical
circuits 1o veceive a signal from at least gne mercury switch
of the type which opens and closes a cirenit in responge o
the cleaner's movement from g, generally horizontal position
to a generally vertical position on the sidawall of the pool or
tank, The use of mercury swiiches and a delay circuit to
reverse the direction of the motor is well-kgown in the art.
As will be understood by one of ordinary skdll in the art, a
pool cleaner can become immohilized by a projecting ladder
or other structural featnre in the pool so that its continuing
DICETESE OF sCamnipg o clean the remaining pool surlaces is
interrupled. In accordance with the improvement of the
invantion, the clectronic controller cirouit for the moror is
preprogrammed 10 weverse the direcrion of the motor auto-
marically if no signal hag been generated by the opening (or
¢losing) of the mercury swich after a prescribed peded of
ime. A suitable period of time for the auto-reversal of the
pump or drive mouwr is about thras minutea.
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This sequence of program seps it schomatically illns-

" traicd in the flow chart of FIG. 52, where the time clock

beging 16 count-down a prescribed time peripd efter the
cleaner is acrivaied, In a prefemred embodiment, the timer
can be manually set to reflect the user's particular pool
reguirements. Alternatively, the time clock can be factory-
gct for 2 perod of from about 1.5 to 3 minules, If the
mercury swilch changes position, the time ¢lock stops its
countdown and/or 4 delay circnit i= activated o allow time
for the cleaner to climb the sidewall of the poel, &.g.. about
5-10 seconds. At the end of the delay period, the drive motor
is stopped and/or Teversed to move the cleansr down the
wall, In the ¢vent the timer reaches the prescribed tme
period withoul receiving 2 signal from the mercury switch,
4 signal is ranamitted {o stop and/or reverse to drive motor.
If the cleaner has been imrmobilized by an obstacle, this
timed auto-reversing of the drive motor will move the
cleancr awsy [rom the obstacle w resume 115 sCanning or
random motion ¢leaning pattern.

Power Shut-off

The method and apparams of the inventon also compre-
hends the use of a power ghut-off cirewit that is responsive
to 3 signel of Tores that comesponds to a magnaetic ficld, In
one preferred embodiment, e magnet or magnctic material is
formmned as, incorporated in, or anached to 4 movable clement
that forms part of the ¢leaper, c.g., & non-driven supposting
wheel or an auxiliary whesl thar 18 in eontact with the pool
surface on which the cleaner is moving. One spitable device
is a reed switch that is mainrained in 2 closed positon (e.g.,
passing power 1o the pump mator) so long as the adjacen
magnet is moving past ar a specified romlional speed, or
rpm. ¥ the rotation of the magnet siops, as when the
cleaner’s advance is stopped by encountering a sidewall of
the pool, the reed switch opens and the power to the drive
metor is interrupted. In a preferred embodiment, the circnit
incledes a reversing function so tha the cleifer Tesumss
movement in the opposite direction and the reed switch is
cloged o complare the power circuit unrl the ynil again
slops, €.g., 8l the opposite wail.

In a further specific and preferred embodiment of the
invention, the cleamer is provided wilh an impcller that is
rotatable in response 0 movement through the waler. One or
more of the impeller blades apd/or mountng shaft is pro-
vided with or formed {rom a magnetic marerial. A sensor is
mounted proximare the path of the moving magner and an
associated cirenit Is responsive to the signal generated by the
sensor due to the movement, or absence of movement, of the
magnet, In one preferred embodimenr, the magnetc sensor
circait is incorporated in the cleaner 1C device that clee-
tronically controls the putnp motnt, 86 that when the clean-
er's moversent 15 halied by a vertical side wall, the move-
ment of the impeller and essocialed magnetic marerial glso
ceases and the sensor sends a signal through the circuir o
imrerrupt power 10 ihe pump motor. After a predetermined
delay period, the pump motor can be reactivated, in either
the same or the reversa direction, o cavse the unit to move
away from the wall. The samne circuit can be employed to
control & drive motor that propels the drive train for wheel,
track or roller monnted cleaners,

In another embodiment, the cleaner is provided with an
infrared (*TR") lipht devics that includes an IR gource and
sensor and rclated control circwit thar ig responsive to & statie
position of the ¢leaner adjacent 2 side wall of the pool or
tenk. When the retumed R light indicaws a static positiop
the circyit transmits 2 signal that results in Lhe reverse
movement of the clemey,

In 2 further preferred embodiment, the elesirc or elec-
tronic conmoller circuit of the cleaner includes an “air
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sensor” gwitch that sends a signal or otherwise directly or
indirectly ioterupts the flow of water sream W when the
semsor emerges from the water. In one preferred embodimery
the sensoris a pair of float switches, one localed at either end
of the cleaner. When the ¢lcaner climbs the vertical sidewall
of the pool, and the end with the air sensor emerges from the
water ling, watcr drains from the float chamber end the
switch i& acrivated to either directly imterrupt the flow of
clecirical power to the pump motor, or to send a signal 1o the
IC controller to effect the immediate or delay intermption af
power to the pump motor. The eame scouence of evans
oeturs during operation of an in-ground pool of the “heach”
ype design, where one end has a sloping bottom or side thay
8tarts at ground level, Onee the forward end of the moving
cleancr emearpes from the water, the flow of water iz inter
rupted for a brief time and then regumed in the opposite
direclion to propel the unit down the sloppe 10 continue its
SCANMINgE pattem.

As will b underatood from the precading deseription, and
from that which follows, this aspect of the inverdon corm-
prehends various 2liernative means for interrupting the flow
of the water jet. Por exarnple, if the pressurized water stream
i delivered via hose 152 from 2 source extemnal o the
cleaner, e.g,, the pool's built-in filter purp, an eleciro-
mechanical bypass valve (not shown) located adjarent the
hose fitting at the sidcwall of the pool can be actvated for
a prederermyinad period of time to divert the flow of water
from the hosa direct]y imo the pool. When the flow of water
W is interrupted, the flap valve 46 of valve assembly 40
changes position and ths cleaner reverses dircction when the
flow W is resumad.

As will be undersiood by one of ordinury skill in the art,
the means of generadng signals directsd 1o the centrol
circuir can also be combined. For example, an asr sensor of
the float type can be combined with, or fabricated from a
.. magnetic material and installed proximate a magnetic sensor
%o that a change in position of the float when it is no longer
immerged in water produces a signal in the magnetic sensor
circnit.

The flow of waler W can also he inerrapied by =z
waler-driven tirbine tmer having a plorality of pre-get or
adjustable timing seqnences, For example, a watcr-powersd
cam of §lep-lype Umer in combination with a by-pass or
Sivener valve lpeated downstream is inst=lled on the hose
152 from the external soures of pressurized water, As water
flows through the hose, the dmer mechanism iz advansed 10
a position at which the associaterd by-pass valve is actuated
and the flow it diverted into the pool for a predetermined
period-of time. The wrbine timer then sdvances to the next
poeition at which the by-pass valve moves 1o the mein flow
position to redirect waler 1o the claaner, which now moves
in the opposire direction. In this cmbodiment, the by-pass/
diverier valve can comprise an adjustable pinch valve that
compresses the hose 1o interrapt flow 1o ¢leaner 10.

In another preferred embodiment, the rpms of the pump
end/or driva motor are monitored and if the mpm decreasss
below m eertain minimom, as when the impeller is jammed
by a piece of debris that escaped the filter, the powsr-to the
pump motor is interrupted. If the tpme exceed 2 maximum,
as when the unit is ne longer submerged and the motor is
nuning under a no-load conditon, the power is intermipted
to both pump and drive motors. This will constitite an
imporiant safery feature, where the cleaner is turmed on
while i1 is not in the poal, either by inadverianss, ar by small
children playing with the unit

We claim:

1. A self-propelled apparatg feor cleaning the submerged
sidewall and botiom surfaces of a pool in a predetermined
scanning pattemn. the apparates comprising;-
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(a) a housing formed by @ top wall and depending side

walig;

(b} reversible drive means for propelling the apparams in
opposite directions, which directions correspond gen-
erally to the longimdinal axis of the epparatng; and

{(c) a pair of wheels assembled to cach of the opposite
longindinal ends of the spparatns, where the improve-
ment comprises mounting each pair of wheels to trans-
verse axles, the axes of the respective axles defining an
angle thal is acute to the longimding axis of the
apparatus when the apparatis & moving in at least one
direction,

2. The appararus of claim I, wherein one pair of wheels
is mounted on a first rensverse axle, and the frst transverse
axle formns an angle of berween about 75° and 9% with the
longitudinal axig of the apparatus,

3, The apparatus of claim 1 where the angle of one of the
transverse axles is fxed.

4. The epparamis of claim 1, wherein at Jeast one end of
the ransverse axles is free to move longitndinally within a
predetermiined range.

5. The apparpius of claim 4, wherein the angular Tange of
movement of at least one of the axles is adjustabe,

6. The apparatus of claim 4, wherein the ange of move-
ment is defined by the ends of a slot throngh which the axla
passes.

7. The apparais of claim 4, wherein the angular position
of at least one of the axles is adjustable.

8. The gppamlus of claim 7, which further COmprises
manually adjustable jock pins for sontrolling the runpe of
movement of at least one end of the 2xle.

9. The epparatus of claim 7 which further cornpriscs
manually adjusiable lock pins for controfling the range of

10. A self-propelled robotic apparats for cleaning the
submerged sidewall and boltom surfaces of a ponl in &
predelermined scanming partern, (he apparatus comprising:

(a) 2 housing formed by a top wall and depending side
walls;

(b) reversible drive means for propelling the apparams in
opposite directens, which directions corespond gen-
erdlly 1o the longitudingl axis of the apparatus; zod

(c) a pair of wheels ggsembled 10 each of the ppposite
longimdinal ends of the apparatus, where the improve-
ment comprises mounting at least one of said pair of
wheels at a fixed predatermined angle that is acure 1o
the longimdina) exis of the apparatus when the appa-
rame is moving in at least one direction, whereby the
adjacent trajectories defined by the 2pparatus moving
aeross the borom surface between opposing sidewalls
eover substandally the entire botrom surface berween
said majectorics.

11. The apparams of claim 16, wherein the angled pair of

wheels are mounted on a wansverse axle,

12. The apparatis of claim M where the angle of the axle
upon which the wheels are mounted is manually adjustable
to accormnmodate the dimensional characieristics of the pool
10 be cleaned.

13 A self-propelled robode apparams for clecaning the
submerged sidewall and bottom serfaces of a pool in a
predetermined searming patiem, the apparates comprising:

(a) a housing formed by a top wall and depending
sidewalls;

(b) revergible drive means for propelling the apparatus in
opposite directions, which direcons correspond gen-
erally 10 the longimdinal axis of the apparatus; and
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(¢) & pair of wheols mssembled 10 each of the apposite

loapimdinal ends of the apparatus, where the improve- -

ment comprises mounting at least one of said pair of
wheels on an axle that i moveable from the first
position to a second position defining an angle that is
acute o tha lonmimdinal axis of the apparams when the
apparates is moving in at least one direction, wherehy
the adjacent trajeciories defined by the apparatus mov-
Ing across the bottom surface between opposing side-
walls cover substanially the eotire bottom surface
between said trajectories.

14, The spparatus of claim 13, wherein both pairs of
wheels are mpounted on {ransverse axles thal are mnoveable 1o
positions that respectively define an angle that 1s acuts to the
longitudinal axis of the apparatuz when the apparatus is
moving in at least one direction.

15, The apparatus of claim 13, wherein the at least one
pair of wheels are mounted on the same axle.

16, The appargius of claim 13, wherein the anple defincd
by the axle in the second position is manuelly adjustable.

17, The apparatus of claim 13, wherein the first positon
of the exle is nomwal to the Jongitudingl axis of the apparatus,

18. A self-propelled apparatus for cleaning the submerged
sidewall and hotom swrfaces of 2 pool in a pradetammned
scanning patlern, the apparams comprising,;

(2) a housing formed by 2 op wall and depending side

wells;

{b) reversible drive means for propalling the apparans in
opposile direclions, which directions correspond gen-
erally to the longirudinal axis of the apparatus; and

{(c) a pair of wheels assembled w cech of the epposile
longitudingl ends of the apparams, whete the improve-
ment comprises monnting to ar least one end of the

apparalles 4 pairof- easter- wheels, -each - of the caster ..

wheels comprising an independently mounted axle
mounisd proximawe the outboard side of the housing,
each of the axles having a range of angular movement
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in a plane parallz! to the surface being cleansd, the axes
of the respective caster wheel axles defining an angle
that is acuee 19 the longitodinal axis of the apparams
when the apparatus is moving in at least one direction.

19. The apparatus of claim 18, whetein each of the axles
of at least one pair of the wheeks move through an arc that
is intersected by a line that is normal to the longitndinal axis
of the apparatis.

20. The apparatuc of claim 18, whentin each of the
independently mounted aster wheels on one end of the
apparatus move through an angle of between abowut 75° and
897 with the longituding axis of the Epparatus, -

21. A self-propelled robotic apparatuz for cleaning the
submerged sidewsll and bottom sprfaces of a pool in a
predetermined scanning panemn, the rppargtus comprising:

(2) a housing formed by a wp wall and depending
sidewalls;

{b) reversible drive means for propelling the apparams in
appogite directions, which directions comespond gen-
erally to the Iongitudinal axis of the appararug: and

() a par of wheels assembled to each of the opposils
longimdinal ends of the apparams, where the improve-
meitt comprises independently mounting =ach of a pair
of caster wheels on one end of the apparatus, each of
the casler wheels comprising an axle mounted proxi-
mare the outboard side of the housing, each of said
axles being moveable from a first posilion to a second
position thmugh an arc that defines an angle acule o
the longimdinal axis of the apparatus when the appa-
TATUS 18 moving in at least one dircerion,
wherehy the adjacenr trajectories defined by the appa-

fAMIS Mmoving Acrogs the bottom surface berween

— - oppasing-sidewalls. cover..sohstantially. the endre..... ...

bouom surface berwesn said trajectories.

* * ko * *
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APPARATUE AND METHOD OF OPERATTON
FOR HIGH-SPEED SWIMMING rocL
CLEANER

FIELD OF THE INVENTION

The invention relates 1o ttomated, pewer-dgven poni
cleaners employed in the wnatlepded cleaning of the hottom
and side walls of swirnming pools and tanks.

BACKGROUND OF THE INVENTION

Aulomated swimming pool cleaners have besn tleveloped
for the cleaning of the bottom and side walls of pools by
programming the elecircaliyspowered cleansr io traverae
the bottom of the pool in one direction, and climb (he side
wall of lhe poo that it eocounters until (he leading end of the
cleaner cmerges af the waterlins of the pool. Therewfler, tha
drive mechanitm is reversed which cauges the pool cleaner
In raverse directon und 10 descend Loe vertical side wall
uniil it encounters the boltor of the pool, at which point it
Underposs & iransition o retorn ig B gemerally herizontal
position to again begin its traverse of the botinm of the poal.
By means of variows struemral and/or electro-mechenical
devices operated in responss to s preproprammed rmicro-
processor controller, the pool cleaper can be made to
Lraverss an ever-chenging, bt Renerally nredictable pattern
across the borem and up snd down the side walls af the ponl
in order to cleqn the eatirs bollom surface, The podl cleaner
also Lraverses horizontally aloug the side wall of (e pool 1o
€lean the so-called scum Tine that offen forms ar the warer-
line. .

Pool cleaners of the prior art sre designed 1o operate at a
substantizlly comtinuous speed, whetber they be driven by
electic metoms or walsr irhines, Minor varialions in speed
may fegur at the wansition zome where (e ool ¢leunar
moves from a generally bordzontal position at tge battom of
the pool Lo assume & vertical pokilicn on the side wall, and
vice-verss, Other minor variatione may be gbserved when
the dirsclion of travel of the paol cleaner g reversad, for
cxnmple, when the pool eleaner beging its degcent from Lhe
walerline along the side wall of rtha pool. Further minor
variztions berwesn the speed gt which the clesner waverses
the bortom of the pael sad that ar which it ascends and/or
deseends along the side wall due 1o gravitational «ffecls
whizh 8et upon the cleaner despite ite neutrally buoyant
design. However, these varianons in speed are relalively
minor and do oot cocur 45 a resuli of the Preprogrammed
cperation of the cleaner and do aot improve the funetioning
of the cleaner,

Swimming poal cleaners of the prior art operale a1 spesds
in (b range from about fve feet Per minute (o ien fest per
minvic. Depending upan the size of the Pool to be cleanead,
the unjlL mav heve to be Placed in operation for 1s long as six
lo eight hours 10 clead a large municipsl or commercial
sWimming pool, The cleaning of larger ponls must be done
when the pool is not in use, pencrally avernight, over a
waskend, or el other times when 3t iz not convenient or
economical (o have maintenance personnel on duty 10 attend
the cleaning of the pogl, Although the power supply io the
Pool eleaner can be put on a timer, various circumstances
wan arise that will interfere with, pr entirely inlerupt She
operalion of the cleaner sa thal only & portion ol thepool has
been cleaned during the allpcaled cycle. Faor example, the
floating power cord can become entangled, thereby disrupt-
Ing lne programmed cleaning patiern; the cleancr cag
become trapped in g comer, or againet a Indder or erher
obstruction at the side of 1he pool,

In order to persrit the pool cleaner o traverse the batinm
of the poal ead 1o ascend and dascend the sids walls of the
pool dudng its eleaning operalions, the pool cleaner is of
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subslantially neursl bowyaney with respect to the water fn

the pool. Thus, variatens ih woar density betwsen fresh
water and salt water pools must also be taken ffo aceournt
in the comstruction of pool cleaners for these different
environments. For example, additional weights can be
azched o the cover and/or base plate of = peol cleaner that
Is neutrally buoyant with respect to fresh water in order Lo
adapt it for use in 2 salt water pool. As will be understond
by one famyiliar with the art, when the pool cleansr pecenda
to the waierline to clean the well surface af the scum line, &
portion of the pool clesnar projecte above the surface af the
pool, Air enters the spuce betwesn the eover and the buse
plate, end when the poal clesner bepins its desaspt wong the
wall, the air must be displaced by the waler in order to
ataintain the desipned neutrai Bioyaney of the clzaner, It hag
also been obssrved that when the pool cleeger is indtially
placed in the pool, the owner or mainregance personne]
typically lowers the wnit in & vertical posiicn on the side
wall apd ecfivates fae power supply,

It hes been found thal when pool cleaners of (he prior arl
ate operated a1 higher speeds, the rapid deseent from the
walsrling results in air becoming entrained in the space
between Lhe cover anl bass plats causing the cleaner to foal
awey ffom its opsreling position and vertical alignment on
the wall. If the eir 15 not displaced, the cleansr will foat at
the surface of the pool; if the & i oventually displaced and
the cleaner sinks o he bottom of the pocl it can remain in
&1 inopetable posilian with respect to the botiom of the pool,
or if it does land upripht on the boliom surfare, i1 pro-
grummed patlern of operalion will have been distupted and
treag of the pool will be Ioft unclesned.

Itis'therefeire ¥n objest of the present inmvention 1o provide
an apparate and 2 method for inereasing (he speed at whish
Lhe paol s cleaned, thereby raducing the overal operating
iime of the pao] cleaner,

It i3 another object of the invention ta provide & pool
cleiner that operaies ar 1 speed thet is sipnificantly grogter
than that of commercially available poal cleaners of the
prior art,

It is yel another objeet of the ipvention to provide a
power-driven autornated pool cleaner that will rapidly
traveise the hottom and ascend fhe side walls of a pool and
that will descend fiom the waterline while maintiining
confingous sperative cleaning contact with e side wall of
the pool, *

. Ilis alsp an object af the invention to provide an apparatus
and method for rapidly ¢lesning the side walls of pools e the
seum line.

1 is enorher impartant object of the invention ta provide
& pool cleaning apparaws (hat operalss at Speeds signifi-
cantly greater than those of the prior art witle maintaining,
1ts ficural bugyaney at oIl sluges of its cleaning operalions.

SUMMARY OF THE INVENTION

The zhove objects, az well ag Further advintepes, ars
alwined by providing an impraved eutomat=d power drivan
prol cleaning apparatus for eleaning the botlom and side-
walls of a ponl comprising:

(2) drive means for moving the cleansr in farward and

reverse directions; and

(b) control means sssocisted with the dgve means for

operatiag the elsacer at & primary drive speed and at &
sccondary drive speed that is relatively slvwer than the
primary drive speed when the cleaner begins 10 descend
Erom the warerline ot the sids wall of the pool, whers
the drive meene operates et the secondary speed for &
predetermined operstionsl pedod of Bme itat is rela-
tively short as compared to the lime of cperation at the
primary spesd.
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In the practics of one preferced embodiment of the

Invention, a pool cleaner having & cover and drive medans for
moving the cleansr in forward and reverss directions is
provided with conirol means and with signal generating
means which cooperate to sause the drive maims 0 operate
at & slower speed when the cleaner descends Fom the
wererline at the side wall of the pool, thereby allowing any
air entrained under the corer -p e displaced by watsr as the
cleaner descends ip opembonal cleening contact with the
wall of the poel.
" In & first preferred embodiment, the pool clenoer is
provided with a preprogrammed micreprocassor enniroller
lhat causes the cleamer to operale upon ectvalicn ul
relatively slower secondary drive speed for an initia] pre-
delermined period of time. The imifial predelemmined lme is
suificient to permit the eloaner to release soire 4 air when
the unit is placed an the sids wall. af star-up. Thersofter, the
conloller cavses the speed o incrsase lo the mars rapid
primary drive speed. Afler the cleaner bins traversed the
boilom end pscended o side wall, it i ‘sgain slowed 1o
descend the side wall at Lhe secondafy drive speed.

The change in speed to & significenfly slower speed for
descending from the walerling cug be in response Lu @ signal
generatad Upon Lhe cumurrence of 4 prior svent. (pe suel
pror event can be the trunsition of fhe pool cleane: from 4
generally horizonts] position on the batlam of e poof o4
Benerally vertical positior as i elimbs the side wiill of the
pool, A sigmal cin be generaled by a switeh thal §s aclivaled
In response 1o the chaoge of orieptation, [or example, o
meroury swileh or 4 pendulum swilch, Allemnalively, o sijal
can be generated when the leading edge of the pool cleaner
emerees from the surface of the waler above the waterline,
&, by the movement of 4 fluat rwitch,

The control signal i transmitted o & Hmer which in turn
lrensmits & signal 1o the mictoprocessor that conirgls the
speed and direction of the five meams. In a preferred
embodimenl, the pool cleaner moves berizantally along the
side wall at the Waterline in order to romave a0y scuml and
dirt that bas accumulated Lhere. The clsaner cam lraverse
horizontally at the mors rapid primary drive speed, ur at the
much slower secondary drive speed. However, al the pre-
proprammed time for descent from the walerlins, the cleaner
descends at the sccondary drive speed or slower deseending
drive spesd. It will be undersiood (hat the relatively slowar
secondery drive speed is deterrained empirically, or
olherwise, 10 insure that any air entrained by operation of the
cleamer a1 the warerline can be readily displaced a5 the
cleaner descends along the wull (o maigtain gubstantially
neulrzl buoyaney and operational cleaning contact by the
cleaner on the wall.

In an sspecially preferred embodiment, the microproces-
sar controller is programmed 10 canse the drive means o
opérate al the slower secondary spesd 'when the eleansr i
initially sclivaped, This is an {mpertant feature, since the
person Lransferming the cleager [rom iis transporiing cart et
the edge of the puol i5 likely to grasp the elesner by its
handle and lower il inta lhe paol ia contact with the ide
wall. If the power switch s aciivated while the cleaner is at
the surface of the pool, it will deseend at the slower
secondary speed which permils the sntrained 1ir 1o Lstape
from under the housing or cover.

In this embodiment, the microprocessor controller is
programmed 10 cause the drive means la operale ab the
secondary speed for 3 predetermined & art-up period of {ime
before cperating al the fuster Pritnary drive speed. The
predetermined start-up time period can be lenger than, or
abott the same pe Lhe predetermined aperationa) pedod of
timme. Depsnding upen the size and structural eanfiguration
of the clesner housing, these tirwe periods can be from about
five seennds 16 abowt fftmen scconds.

In order to simplify the design and ¢onstruction of the
pool cleaner and Ihe programrming of the MicToprocessor
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contreller in aceordance with the aljectivag of the invention,
the cleaper is addpted 10 opsrate 2t the slower secondary
drive spe=d for a predetermined operational period of time
that is sufficient tor ingure that a0y entrajmed air will be
purged from (he intedor of the cover This rredetermined
period of time can range from abont 5 10 bout 15 seconds,
and as explained above, is determined based npon the desipn

.2nd operition of the specific pool cleaner, meluding features

such ac the configuration of the cover, the position of the
intake ports in the basc plate, snd the like,

In order 10 achieve the gos] of more rapidly complering
the cleaning of the pool, the time of operation al the more
rapid primary drive epoed should be maximized and the time
of operation at the slower secondary drove speed or descend.
ing drive speed should be kepl to 2 minjmue. However, in
order to provide s universelly pcceprable commercial
machine, the predetermined operational period of time for
operaling at the stcondary er descending drive speed must
teke into account varying dimensions! festures found in &
mnge of pogl designs. In amy event, operation af {he
descending secondary drive speed eun result in eghaneed
cleaning perforusnce of (he soptacted surfaces.

A further advactage of operating the pool cleager i the
more rapid primary drive speed 4t (he waterlips iz to ephancs
the ability of the poo] cleaner to wen the corner af the poal,
i.e., w move from one wall surface to oo intersectng wall
surface at the comer of the paol. This eohanced enTRACing
ability results from the greater momentum ond traction
achisved at the faster primary drive speed.

DESCRIFTION OF PREFERRED
EMBODIMENTS

A paal clesner having drive mesns comprised of s DC
eleciric motor attached through pulicys and drve helts to g
pair of transverss cleaning brushes is provided with a
preprogrammed microprocessor suntroller that i adapted 1o
move the pool cleaner up the botlom of the pea) at & primary
drive gpeed of ebout 30 . per mirute. A mercury swiich 1
affixed boneall the cover of ke clemner and eleclocally
cannecled Lo o imer associalod wilh Lhe microprocessor. In
a preferred embodiment, the limar i5 inlegrated inte the
microproeessor controller. When the pool clsansr is placed
In an operational position on the battom of the pool, the
thereury swilch i5 in an open position, Whep the pao! cleaner
I8 in an operationa] or vertical position on the side wall of the
pool, the mereury switch moves with respect to the gover
4nd tramsmits & signal 1hat is recefved by he tirmer,

The cleancr continues 1o ascend the side wall and upon
reaching the walerline baging (o move borzontally along the
side wall Lo serub the seum lpe, In the praferred
embodiment, the limer tperates for » ndom periad of ime
which can be for abour 10 to ubout 30 seconds before
stopping and reversing the drive means (o ceuse the eleaner
1t descant the sidewall at the slower seocondary drive speed,
As the cleqner starts its dessent, air from wnder the cover 15
displaced by water and the cleaner maintains operational
conlact with the side wall,

The cleaner completes its descent from the sidewall and
begins to lraverse the botom of the poal at the secondary
drive spead After the preprogrammed period of light
seconds, the limer transmits © signal to the microprocessor
controller which cause the DC motoes o inerease o tha
primary drive speed la sbont 30 Feet/second which is about
twice the secondary speed. The pool elesner rapidly
lraverses the long dimension of the poo! boltom, ascends the
wall o the waterline, move horizontalty along the watsrline
for t rendomly determined time of abowt seven seconds,

ufter which the D molars ar slopped and 1eversed o canse
the drive means o move the eleaner dewn the side wall at
the secondary drve speed of about twelve 1 foutsen
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feel/second, and thersafler to pssurme & different course in
traversing the battom of the pool.
T claim: «
1A methnd of aperating a pawerdriven pool cleaner to

clean the bottom end side walls of & pool or tank, the method
comprising the sieps of

() providing a pool cleansr having a cover, diive means
for moving the cleaner in forwned and reverse direa.
lioms and & timer;

{b) activating the ponl cleansr whils the cloaner is in
operating position in the pool

() cansing the pool elesner (o traverse the boliom of the
pool in a forward direction at s primary drive speed
until the cleaner encounters o sida wall of the paol;

() cansing the pool cleaner Lo ascend the side wall of the
pool to the waterlins of the poql;

(=) generating 8 control signal when (he cleaner is in »
vertical orientation on the side wall of the pool;

{f) ectivating the timer in response 1o the conrral sigmal;

() changing the drive speed of (he poal eleaner o g
secondary drive speed that is relalively slower than the
primery drive speed while the cletner ie af the waterline
of the poal;

(b) eperating e cloaner for a prodeterminsd nperalional
period of tims at the seeondary drive speed,

(f) eansing the cleaner to deseend the side wall of the pool
at the secondary spesd, whereby any air entrained
under the cover is displaced as the cleanor descends in
contact with Lhe side wall; and .

(j) changing the drive speed of the poc! cleaner after the
predetermined ope rational peded of ime ta the primary
drive spesd,

2. The method of clajm 1 comprising the furlber steps of;

(k) causing the pool cleaner Io averse the boltom of the
pool and ascend a side wall of the pool ot the primary
drive speed;

(1) changing the speed af the poulcleaner 1o the secondary
drive speed while the cleaner is at the waterline apd
wperating the cleaner for the predetermined aperstion:]
period of time at the secondery drive speed;

(m) causing the cleaner 1o descend the side wall af the
secondary drive speed;

(n) changing the drive spsed of the pool cleaner afler the
predelermined period of time to (he primary drive
speed; and

(0) Tepeating steps () through (n).

3. The metlod of claim T ecunprising the furiher Aleps of

upon activalion of 1he poal cleaner, operaling (he pool
cleaner drive means ay |be secondary drive speed for a
predetermined start-up period of time; and

atthe ond of the predetermined star-up period of ime
operating the drive meags at the Primary drive speed,

4. The method of claim 1 where the predetsrmined

Flart-up and operational perinds of time are guificlent to
permit the cleaner to descend from (he waterline of (he poal
to the battom of the pogl.

5. The method of claim 1 whers the pradelermined

start-up and operationyl periods of tme are substantally the
sarme.

6. The method of claim 1 where the first and second

predelermined periods of time are each from aboot = 1o
about 15 scepnds,

7. The method of claim 4 where the poo] cleaner operates

at the pimary speed o advance along the zide wall of the
pool ot the waterline,
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8. The methed of claim 4 whem the poal cleaner operates
at the secondary dove speed aftor the eleaner reaphes the
waterline of the poal.

9. The method of claim | whem the direction and speed
of the dove means are varied by a preprogrammed micro-
DIDCEEROL

10. The method of claim B where the microprocessor
inctudes the timer,

1. The method of claim 1 where the contral sipnal is
generated by a cootral signal switch,

12. The method of claim 11 where the coptro] sipnal
switch moves with respect o the cleaner bousing,

13. The methed of claim 12 whers the <ontro] sipnal
gwdich is 2 mercury switsh.

14. The mathod of claim 1 where the primary drive speed
from about three to about five times fester than the seeond-
ary drive speed,

15. The method of claim 1 where the pimary drive speed
is from aboul lwenty-Four Peet per minufe to abour thirly-six
feet per minute,

16, The method of claim I where the secondary drive
speed is predetermined 10 permil air entrained under the
cover to be displaced while the cleaner muintains contact
with the sids wal] of the poa] being elmapad,

" 17. An improved method for clesning the bottom and side
walls of 4 swimming poal or tank using & power-drives poo)
titaner, the method comprising:

(8) placing the pool clesner in a horizonts] operative
posilion on the bouom of the pagl;

(L) cansing the poal cleaner 1 traverse the botlom of (he
poel 2t 4 primary speed in the rangs from choul
twenty-four to about thirty-six feet per minute;

(¢) causing the poo! cleaner lo move horizontally along
the welerling of the pocl or tanl;

(d) cavsicg the cleaner to descend from the watarline of
the pool al a secondary speed that is leas than the
primary spead, the rate of descemr ul (he sscondary
speed being sufficient to permit displacement of soy
enlrained sir in the pool while maintuining the pool
“cleaner in cleaning contact with the side wall of the
pool

1B, The msthed of claim 17 whers the tzcondary speed is
In the range of from about lour o shout fifteen fac: per
minute.

19. The method of cliim 17 whers the pool clsaper js
eperated at the secondary spead for a predelermined opera-
tionsl perod of time,

20. The method of cluim 19 where the predelermined
operatignal period of time is from aowt 5 o aboul 10
seconds,

21. The melhod of cleim 17 where the commencement of
the eperation of the cleaner at the secondary spead is in
t=sponse Io a changs in the crientation of the cleaner from
# generally horizonlal 1o u generally vertical pesilion.

22. The method of elaim 17 whers the comtmegeement of
the operalien of the cleaner =i the scoondary speed is in
Tesponse Lo & control signal generated when a portion of the
cleaner emerges from the water at the waterline of the pool.

43. The method of claim 21 where the pool cleamer
commences opsraticn at the secondary speed afier a preds-
lermined delay period of Ume following Lhe change ino
oritniation from a generally harizonial 1o vertcal position,

24, The methad of claim 19 which further comprscs
opetating the pool ¢leaner at the prmary speed after the
predejesmined aperaiional perdod of time,
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