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UNITED STATES DISTRICT COURT . w70
FOR THE DISTRICT OF NEW JERSEY e T G Ak Y
AQUA PRODUCTS, INC., .
Plaintiff, Cjvil Action No. 05:' ok 5._{2»1&/
I — COMPLAINT and
agalnst JURY DEMAND
SMARTPOOL, INC. and
RICHARD HOLSTEIN,
Defendants.

The plaintiff, Aqua Products, Inc. ("Aqua Products™), alleges :lis follows:
NATURE OF THE CASE

1. Thisis an action sceking injunctive relicf and damages for patent infringement
arising from violations of the Patent Act of the United States, maore particularly 33 U.S.C. §§ 271
and 281, for cyber-piracy in violation of the Trademark Act of the United Stales, morc particularly
15 U.S.C. § 1125(d), for trademark infringement in violation of the Trademark Act of the United
Giates, more particularly 15 U S.C. § 1114(1); for false designation of origin i violation of the
Trademark Act of the United States, more particularly 15 U 8.C. § 1125(a), [or unfair competition
causing injury (o plaintift's business reputation and dilution of the distinctive quality of its wnique
and distinctive lrademarks in violation of the Trademark Actof the United States, more particulatly
15 U.8.C. § 1125(c), for the use of fulse or misleading descriptions or representations of fact 1
violation of the Trademark Act of the United States, more particularly 15 U.S.C. § 1125(a), and for
pendent acts of trademark infringement in violation of New Jerscy statule, more particularly, N.J.
Stat. § 56:3-13.16, unfair competition in violation of New Jerscy statutc, more particularly, N.J. Stat.

§ 56:4-1, and unfair competition in violation of the common law.
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JURISDICTION AND VENUE
2. This Ciourt has jurisdiction over the subject matter of this action pursuant to
15 U.8.C. § 1121 (Lanham Act), 28 US.C. § 133} (federal question), 28 U.S.C. § 1338 (patent,

trademark and copyright), and pursuant to 28 U.8.C. § 1367 (supplemental jurisdiction).

3. Venue is proper in the District of New Jersey pursuant to 28 US.C. &8
1391(b) and ().
THE PARTIES
4. Aqua Products is and was at all relevant times a corporation organized and

cxisting under the laws of the rate of Delaware, with offices at 25 Rutgers Averme, Cedar Grove,
New Jersey.

5. Aqua Products is a mapufacturet and distributor of high quality, state-0f-the
art robatic pool cleaning devices for residential and commercial markets.

6. Upon information and betief, the defendant Smartpool, Inc. (“Smartpool™) is
nd was at all relevant times a corporation organized under the laws of the State of Delaware, with
offices at 575 Prospect btrect Lakewood, New Jerscy.

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

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

9. Upon information and belief, Mr. Holstein 18 a principal owner and/or
corporate officer of Smartpool and has actively and knowingly aided and abetied in the commission
of the infringing acts ot the corporate defendant.

10.  Upon information and belief, Smartpool is the alter ego of Mr. Holstein and

both defendants have cooperated in furtherance of the acts complained of hercin.
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FACTS COMMON TO ALL CAUSES OF ACTION
11 For over 20 vears, Aqua Products has developed and sold the most
comprehensive line of high quality, state-of-the art robotic pool cleaners for residential and
commercial markets in neatly 40 countries,
12.  Aqua Products is a leader in the development of new technology to improve
robotic poo! cleaners and has patented many of its innovative technologies.

13. Aqua Products 18 the owner of U.S. Patent N* 6,742,613 (613 Patent™),

among others, for watcr jet teversing propulsion and directional controls for automated swimming
pool cleaners, a copy ol which is attached as Exhibit 1.

14.  AquaProducts is the owner of U.S. Patent N&. 6,099,658 (658 Patent™), for
an apparatus and method of operation for high-speed swimmng pool cleaner, a copy of which is
altached as Exhibit 2.

15, Aqua Progucts is the owner of U.S. Patent N°. 6,758,226 (226 Patent’™,
armong others, foran automated pool cleaning apparatus including motion detection and directional
control, a copy of which 1s attached as Exhibit 3.

16. For residential use, Aqua Products manufactures robotic puol cleaners
identified by the trademarks Aquabot, Aquabot Pool Rover, Aquabot Pool Rover Plus, Aguabot
Turbo, Aquabot Turbo Remote Control, Aquabot Turbo Solo Remote Clontrol, Aquabot Plus Remaote
Conirol, Aquabot Ultra, Ultra, Viva, and Bravo.

17.  For commercial applications, Aqua Products manufacturcs robotic pool
cleaners identified by the trademarks the AquaMax, AquaMax Tuniot HT, AquaMax Junior Plus,
AquaMax BiTurbo, AguaMayg BiTurbo Remote Control, UltraMax, and UltraMax Junior.

18.  Aqua Products robotic pool cleaners are anmatched in quality, features,
service and benefits, Over the years, many competitors have tricd to copy Aqua Products’ patented
technology. Many of these copy-cat products appear similar but have significant engineeting and

mechanical differences.
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19.  Other competitors have tricd to appropriate and trade on the goodwill and
consumer tecognition of Aqua Products’ trademarks, or to disseminate false and misleading
advertising concerning their or Aqua Products’ pool cleaners.

20.  The defendants have undertaken astrategy and scheme to unlawfully compete
with Aqua Products, and to mislcad and cheat the public by, infer alia, copying Agqua 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 Products, or by distributing advertising
and promotional materials that misstate the leatures and attributes of their and/or Aqua Products’

pool cleaners.

91, The defendants’ conduct inchudes their infringement of Aqua Products’ ‘613
Patent, the ‘65% Patent and the 226 Patent, as well as their systematic registration of numerous
Internet uniform resource locators (“URLs”) that incorporated and were confusingly similar, if not
identical, to Aqua Products's distinctive trademarks, e.g., Smartpool registered “aquabol2.com”.

29 The defendants configured these URLs so that vigitors were forwarded,
imrmediately and without any notice, to Smartpool’s home page.

23, When members of the public accessed a URL that incorpuratad one of Aqua
Products’ trademarks, such as the “aquabot2.com" URL, and were immediately forwarded to the
Smartpool home page, they were likely to be confused and assume there was a connection,
sponsorship or affiliation between Aqua PProducts and the defendants and their products.

24.  Thedefendants also distribuled a Commercial Robotic Cleaners Comparison
Chart that misstates the “ETL” approval status of Aqua Products’ pool cleaners, as well as the

features and attributes for several of Aqua Products’ pool cleaners.
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25.  Bythisaction AquaProducts seeks to enjoin this deliberate scheme to infringe
its patents, to deliberately confuse the trade and public concermning the source, origin or sponsorship
of the defendants’ products and services, to trade upon and destroy Aqua Products's distinctive
trademarks, business reputation and good will, and to mislead the public by distributing false
advertising, promotional and marketing materials.

26. Aqua Products further seeks monctary damages for the injury incurred as a
result of the defendants’ activities.

Aqua Products® Patents

27. The '613 patent, relates 1o water jel reversing propulsion and directional
controls for automated swimming pool cleaners, issued on June 1, 2004.

28.  The 613 patent was duly and legally assigned to Aqua Products, its current
OwWner.

29,  The '613 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 variable path as the device moves hack and forth across the bottom surface of
the pool or lank that 15 being cleancd.

30.  The '658 patent, relatcs to an apparatus and method of operation for
high-speed swimming pool cleaner, issucd on August ¥, 2000,

31, The '658 patent was duly and legally assigned to Aqua Products, its currcnt
OWNEr.

32, The '658 patent relates to an apparatus and method for clcaning the bottom
and vertical side walls of a swimming pool, pond or tank and employs a robotic, 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 housing cmerges from

the water along a sidewall of the pool.
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33, As discussed in the ‘658 Patent, the cleaner 18 adapted to operafe at a
secondary drive speed that is relatively slower than the primary speed and the cleaner thereatter
reverses direction and descends for a pre-determined period of time at the slower secondary speed
in order o permit the air entrained under the housing to escape without destabilizing the cleancr
during descenl. After the predetermined period of titne, the cleaner resumes operation at the mor¢
rapid primary speed until the cleaner housing once again emcrges from the water's surface, after
which the cycle 1s repeated.

34, The'226 Patent, relates to an automated power-driven pool cleaning apparatus
including a progranumable control device for directing the movement of the cleaning apparatus, and
issued on July 6, 2004.

35.  The'226 Patent was duly and legally assigned to Aqua Products, its current

OWNETL.

Aqua Products’s Trademarks

36, Aqua Products has sold its products in interstate commerce for over 20 years,
and has prominently identificd the same using the fullowing trademarks:

Aguabot;

Agquabot Pool Rover;

Aquabot Pool Rover Plus;

Aguabot Turbo;

Aquabot Turbo Remote Control;
Aguabot Turbo Solo Remote Control;
Agquabot Plus Remote Control;
Aguabot Ultra;

Liltra;

Viva;

Bravo,;

AquaMax;

AquaMax Junior HT;

AguaMax Junior Plus;

AquaMax BiTurbo;

AquaMax BiTurbo Remole Control;
UltraMuax;

UltraMax Jurior; and

Power Handi Vac (collectively, the “Aqua Products Trademarks™).
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37.  Aqua Products has expended substantial sums on promotion and advertising
in order to establish and maintain the trade’s and public's awareness and recognition of the Aqua
Products Trademarks und to develop an association in the public's and trade’s mind belween 118
trademarks and its services and products.

38.  Long before the acts of the defendants complained of herein, us the result of
the promotion and sale of services and goods identified by the Aqua Products Trademarks, and as
a result of the high quality of services and goods offered in connection with the Aqua Products

Trademarks, they have acquired a valuable reputation and arc now recognized by the trade and

consumers as originating from and being associated only with Aqua Products.

19,  As a direct result of this usage, the unique and distinctive Aqua Products
Trademarks are well-known, famous, are associated by the trade and public with Aqua Products, and
represent a business and goodwill of significant and inestimable value to it.

40, Aqua Products is the owner of Federal Trademark Registration N= 2,700,593
for the trademark "AQUABOT TURBO". The registration issued on March 25, 2003, is registered
on the principal register maintained by the United States Patent and Trademark Office, and is valid
and subsisting.

41.  AquaProduct's federal trademark registration puts defendants on construetive
notice, pursuant to 15 U.8.C. § 1072, of its trademark rights.

Defendants’ Patent Infripgement

42, The defendants manufacture, and/or scll, and/or induce others to use and sell
pool cleaning products some of which are identificd as the *Dolphin” and “Robo-Kleen” and which,
upon information and belief, embody the subject matter protecied under the ‘613 Patent, the 658
Patent and the ‘226 Palent.

43, Aqua Products has advised the defendants that their products infringe the 613
Patent, the ‘658 Patent and the *226 Patent and have demanded that they cease the manufacture and

sale of such products.




R

Case 3:05-cv-05856-MLC -DEA Document 1 Filed 12/16/05 Page 8 of 70 PagelD: 8

44.  The defendants have refused to comply with plaintiff’s demands.
Defendants’ Cyber-Piracy and Trademark Infringement

45.  Agqua Products leamcd that Smartpool systematically and maliciously
registered the following Intemet URLs:

aguabot-siorm.com;,
agquabotl.com;
aquabotautomaticpovlcleaner.com;
aguabothravo.com;
aguabotcleaners.com;
aguabotpoolrover.com;
aquabotpoolroverplus.com;
aquabotpoolvacuum.com;
agquahotpoolvacuuwms.com;
aquaboJrnbaticpoolclemwr.com;
agquabotrover . com;
aguahotterminator.com;
agquabotturbopeolcleaner.com;
aguabotulira.com; and
aquabotviva.com (collectively the “[nfringing URLs").

46.  When any of the Infringing URLs werc opencd, the user was forwarded to
Smartpool’s home page at “http://www.smartpool.con/ wehsile/”.

47 The defendants used the Infringing URLs in interstate commerce without the
permission, authority or consent of Aqua Products.

48,  Upon information and belief, defendants recently ceased use and abandoned
ownership of the Infringing URLs.

49,  Upon information and beljef, the defendants used the Infringing URLs with
actual knowledge of Aqua Products's use, rights in, and registration of its well-known and famous
Aqua Products Trademarlks.

50. Upon information and belief, the registration of the Infringing URLS; and the
forwarding of visitors to the Smartpoo] home page appropriated and infringed the Aqua Products
Trademarks, and falsely suggested that defendants’ services, products and website originated with,
or were sponsored by Aqua Products, and that their services, products and website were in some way

affiliated with Aqua Products.
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51.  Upon information and belief, the defendanis infringing activities was
systematically undertaken with an intent to profit from the reputation and value ofthe Aqua Products
Trademarks.

Defendants’ False Advertising

52.  Agua Products lcarned that the defendants were disseminating 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.

53. The Comparison Chart misstates the maximum pool lengths, filter surface,
number of gallons filtered per hour, bottom inlet size, and cable length for the several of Aqua

Products’ pool ¢leaners.

54. The Comparison Chart also misstates the “ETL” approval status of several
of Aqua Products’ pool cleaners.
55 Theaforementioncd activitics will cause irreparable injury to Agua Products.

AS AND FOR A FIRST CLAIM FOR RELIEF FOR PATENT
JNFRINGEMENT PURSUANT TO 35 U.S.C, §§ 271 AND 281

56.  Aqua Products rcalleges paragraphs 1 through 55 as if fully set forth hercin.

57, The defendants have and are infringing the '613 Patent by manufacturing,
importing, olfering for sale and by selling pool cleaning products which embody the subject maticr
of the patented invention of the '613 Patent, in the District of New Jersey and clsewherc in the United
States, in violation of the patent laws of the United States.

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

59, Upon information and belief, the defendants have continued to comumit acls
of infringement of the '613 Patent, despite notice of Aqua Products's rights under the '613 Patent,
within the District of New Jersey and elscwhere in the United States, and will continue to do so

unless enjoined by this Court.
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60.  Upon information and belief, despite knowledge of Aqua Products’s rights
under the '613 Patent, the defendants have continued to actively mduce infringement of the '613
Patent within the District of New Jersey and elsewhere in the United States and will continue 10 do
s0 unless enjoined by this Court.

ol. Aqua Products does not have an adcquate remedy at law.

62, Upon information and belief, defendants’ infringement and active inducement

of infringement is willful, intentional and delibcrate, and has deprived Aqua Products of sales and

profits which lawfully belong 1o it and which it otherwisc would have made.

63, Onaccountofthe defendants activities inthis State and District of New lerscy
and throughout the United States Aqua Products has been injured in an amount not yet ascertained,
but believed to be in excess of one million dollars ($1,000,000.00).

64.  Thisis an exceptional case within the provisions of 35 U.8.C. § 285 and Aqua
Products is therefore, entitled to the recovery of its altorneys' fees upon prevailing in this action.

AS AND FOR A SECOND CLAIM FOR RELIEF FOR PATENT
INFRINGEMENT PURSUANT TQ 35 U.S.C. §§ 271 AND 281

65.  Aqua Products realleges paragraphs 1 through 55as if fully set forth herein.

66.  The defendants have and are infringing the '658 Patent by manufacturing,
importing, offcring for sale and by selling pool cleaning products which embody the subject matter
of the patented invention of the '658 Patent, in the District of New Jerscyand clsewhere in the United
States, in violation of the patent laws of the United States.

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

68. Upon information and belief, the defendants have continued to commit acts
of infringement of the '658 Patent, despite notice of Aqua Products's rights under the '658 Patent,
within the District of New Jersey and elsewhere in the Umited States, and wil! continue (o do so

unless enjoined by this Court.

_10_
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69. Upon information and belief, despite knowledge of Aqua I’roducts's rights
under the '658 Patent, the defendants have continued to actively induce infringement of the '658
Patent within the District of New Jersey and elsewhere in the United States and will continue to do
40 unless enjoined by this Court.

70. Aqua Products does not have an adequatc remedy at law.

71. Upon information and belief, defendants’ infringement and active inducement

of infringement is willful, intentional and deliberate, and has deprived Aqua Products of sales and
profits which lawfully belong o it and which it otherwisc would have made.

73 On account of the defendants activities in this State and District of New
Jersey, and throughout the United States, Aqua Products has been injured in an amount not yel
ascertained, but believed to be in excess of one million dollars ($1,000,000.00).

73, Thisis ancxceptional case within the provisions of 35 U.8.C.§ 285 and Aqua
Products is therefore, entitled to the recovery of 1ts attomeys' fees upon prevailing in this action.

AS AND FOR A THIRD CLAIM FOR RELIEF FOR PATENT
INFRINGEMENT PURSUANT TO 35 U.8.C. §§ 271 AND 281

74, Aqua Products reallcges paragraphs 1 through 55as if fully sct forth herein.

75, The defendants have and arc infinging the 226 Patent by manufacturing,
importing, offcring for sale and by selling pool cleaning products which embody the subject matter
ofthe patented invention of the 196 Patent, in the District of New Jersey and elscwhere in the United
States, in violation of the patent laws of the United States.

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

77.  Upon information and belief, the defendants have continued to comunit acts
of infringement of the 226 Patent, despite notice of Aqua Produets's rights unider the 226 Patent,
within the District of New Jersey and elsewhere in the United States, and will continuc to do s

unless enjoined by this Court.

-11~-




L

Case 3:05-cv-05856-MLC -DEA Document 1 Filed 12/16/05 Page 12 of 70 PagelD: 12

78.  Upon information and belief, despite knowledge of Aqua Products's rights
under the '226 Patent, the defendants have continued to actively induce infringement of the '226
Patent within the District of New Jersey and elsewhere in the United States and will continue to do
s0 unless enjoined by this Court.

79.  Aqua Products does not have an adequate remedy at Jaw.

80.  Uponinformation and beliet, defendants’ infringement and active inducement

of infringement is willful, intentional and deliberate, and has deprived Aqua Products of sales and

profits which lawfully belong o it and which it otherwise would have made.

81. On account of the defendants activities in this State and District of New
Jersey, and throughout the United Stales, Aqua Products has been injured in an amount not yet
ascertained, but believed to be mn excess of one million dollars ($1,000,000.00).

%2, Thisis an exceptional case within the provisions of 35U.8.C. § 285 and Aqua
Products is therefore, entitled to the rccovery of its attorneys' fees upon prevailing in this action.

AS AND FOR A FOURTH CLAIM FOR RELIEF FOR
CYBERPIRACY PURSUANT TOQ 15 U.8.C §1125(d)

83, Aqua Products realleges paragraphs 1 through 35 as it fully set forth hercin.

84,  The registration of URLs confusingly sitnilar 10 Aqua Products's distinclive
Aqun Products Trademarks was undertaken in bad faith and with the intent to profit (thereby.

85.  Upon information and belief, the regisiration and use of the Infringing URLs
was intended to appropriate and trade upon the goodwill and reputation associated with the Aqua
Products Trademarks, and was undertaken in bad [aith and in reckless disregard of the potential
damage and injury to Aqua Products and the Agua Products Trademarks.

86.  Byreasonofthe foregoing, the defendants have engaged in acts of cyberpiracy
which have injured the Aqua Products Trademarks, business and business reputation in violation of

15U.S.C. § 1125(d).

-12-
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87.  Byreasonofthe forcgoing, Aqua Productshas suffered and continues to suffer
imreparable injury, including injury to its reputation and the distinctive guality of its distinctive Aqua
Products Trademarks, for which it has no adequate remedy at law.

%%.  On account of the defendants’ activities in this State and District of New
Jersey, Aqua Products has been damaged in an amount not as yet ascertained, but belicved to be in
excess of one million dollars (§1,000,000.00).

AS AND FOR A FIFTH CLAIM FOR RELIEF FOR
TRADEMARK INFRINGEMENT PURSUANT TO 15 U.S.C. § 1114

§9.  Plaintifl realleges paragraphs 1 through 55as if fully set forth herein.

9q. The registration and use of the [nfringing URLs was without the permission,
conserl or authorization of Aqua Products, gave rise to a likelihood of confusion, deception and
mistake among the consuming public and trade as to the source, origin or sponsorship of the
defendants’ services and products and constitutes infringement of the Aqua Products registered
irademarik.

91. Upen information and belief, the defendants registered and used the Infringing
URLs with the willful purpose and intent of misleading the trade and public, and rading upon Aqua
Products's goodwill and reputation.

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

a3. On account of the defendants’ activities, the trade and public were contused,
misled or deceived as to the source, origin or sponsorship of their website, services and products,
and Aqua Produets has suffered damages including injury to its reputation and goodwill.

0d.  On account of (he defendants’ activities in this State and District of New
Jersey, Aqua Products has been damaged in an amount not as yet ascertained, but believed to be

excess of one million dollars (51,000,000.00).

-] -
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AS AND FOR A SIXTH CLAIM FOR RELIEF FOR
FALSE DESIGNATION OF ORIGIN PURSUANT TO 15 U.S.C. § 1123(a)

95.  Aqua Products realleges paragraphs 1 through 55 as if fully set forth herein.

96.  The use ofthe Infringing URLs constituted the offering of goods and services
bearing, and the use of false and misleading descriptions and representations of fact in interstate
commerce, and violates the Trademark Act of the Uniled States.

97. Ry reason of the foregoing, the trade and public were confused, nusled or
deceived, and Aqua Products has suffered damages including injury to its goodwill and reputation
for which it has no adequate remedy at law.

98,  Upon information and belicf, the defendants developed and used the

Infringing URLs with knowledge that 1t i false, misleading and deceptive, and with the intent to

unfairly compete with Aqua Products.
99.  Onaccount ofthe activitics of the defendants in this Statc and District of New
Jersey, Aqua Products has been damaged in an amount not as yct ascertained, but belicved to be in
excess of one million dollars ($1,000,000.00).
AS AND FOR A SEVENTH CLAIM FOR RELIEF FOR

INJURY TO BUSINESS REPUTATION AND
DILUTION PURSUANT TO 15 U.8.C §1125(¢c)

100.  Aqua Products realleges paragraphs 1 through 55 as if fully set forth herein,

101. Thedefendants’ conduct was without the permission, consent or authorization
of Aqua I’roducts and blurred and tamished the reputation of Aqua Products's unigue, widely
recognized, distinctive and famous Aqua Products Trademarks, thereby diminishing their value.

102.  Uponinformationand belief, the atorementioned activityis part of adeliberate
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.

. -l4-
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103. By reason of the foregoing, the defendants have engaged in acts which
damaged the business reputation and diluted and blurred the distinetive quality of the Aqua Products
Trademarks in violation of the Trademark Act of the United States (15 U.8.C. § 1125(c)).

104. By reason of the foregoing, the trade and public were confused, misled or
deceived, and Aqua Products sustained damages inchuding injury to its reputation and dilution of the
distinctive qualily of its Aqua Products Trademarks.

105. Onaccountof the activities of the defendants inthis State and District of New
Jersey, including their difution of the Aqua Products Trademarks, Aqua Products has been damaged

in an amount not ag yet ascertaincd, but believed to be in cxcess of one million dollars

($1,000,000.00).

AS AND FOR AN EIGHTH CLAIM FOR RELIEF FOR FALSE
OR MISLEADING DESCRIPTIONS OR REPRESENTATIONS
OF FACT PURSUANT TQ 15 U.8.C. § 1125(a)

106.  Plaintiff reallcges paragraphs 1 through 35 as if fully set forth hercin.

107.  The mistcpresentations and falsehoods published by the defendants in the
Comparison Chart constitute the use of false descriptions and representations in interstate cominerce,

108. Uponinformation and helict, the defendants included the misrepresentations
in the Comparison Chart wilh full knowledge that they were false, misleading and deceptive, and
with the intent to unfairly compete with plaintiff.

109.  Such acts violate the Trademark Act of the United States and constitute the
offeting of services and sale of goods using false or misleading descriptions ot representations of
fact.

110. By rcason of the foregoing, the public is likely, and will continue to be
confused, misled or deceived, and the plainti ff is now and will continue to suffer irreparable injury,

including injury to its good will and reputation for which it has no adequate remedy al law.
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I11. Onaccount of the activities of the defendants in this State and District of New
Jersey, and in interstatc commerce, plaintiff has been damaged in an amount NOt as yet ascertained,
but belicved to be in excess of one million dollars (3 1,0300,000.00).
AS AND FOR AN NINTH CLAIM FOR RELIEF FOR

TRADEMARK INFRINGEMENT PURSUANT
TO NEW JERSEY STATUTE § 56:3-13.16

112. Agqua Products reallcges paragraphs ] through 55 as if fully set forth herein.

113.  This cause of action arises under New Jersey statute § 56:3-13.16.

114. The registration and usc of the Infringing UURLs was without the permission,
consent or authorization of Aqua Products and gave risc to confusion, deceplion and mistake among
the consumingpublic and trade as to the source, origin or sponsorship of the defendanis' services and
products and constitutes infringement of the Aqua Products Trademarks.

}15.  Uponinformation and belief, the defendants registered and used the Infringing
URLs with the willful purpose and intent of misleading the trade and public, and trading upon Aqua
Products's goodwill and reputation.

116. These acts violate the Trademark Act of the United States and constitute
infringement of the Aqua Products’ registered trademark in violation of the New Jersey Trafficking
ot Attempting to Traffic in Counterfeit Marks Law, N.J. Stat. § 56:3-13.16.

117.  Onaccount of the defendants’ activities, the trade and public were confused,
misled or deceived as to the source, origin or sponsorship of their website, services and products,
and Aqua Products sustained damages including injury to its reputation and goodwill, for which
Aqua Products has no adequalc remedy at law.

118,  On account of the defendants’ activities in this Staic and District of New
Jersey, Aqua Products has becn damaged in an amount not as yet ascertained, but believed to be m

excess of one million dollars ($1,000,000.00).
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AS AND FOR A TENTH CLAIM FOR RELIEF
FOR UNFAIR COMPETITION PURSUANT
TO NEW JERSEY STATUTE § 56:4-1

119.  Agua Products realleges paragraphs 1 through 55 a8 if fully set forth herein.

120.  This cause of action arises under New Jersey statulc § 56:4-1.

12]. The defendants’ use of the Infringing URLs misled and copfused the public
and trade, and damaged Aqua Products’ public image and reputation.

122. Upon information and belief, the trade and public falsely attributed the

attributes and characteristics of Aqua Products’ services and products to those gold by the defendants

as a result of their use of the Ifringing URLs.

123. By reason of the foregoing, the defendanis have engaged in acts of unfair
competition in violation o New Jersey statute § 56:4-1.

124. Upon information and belief, the registration and use of the Infringing URLs
was undertaken by the defendants with knowledge that doing so was misleading, and with the intent
to confuse, mislcad and deccive the trade and consumers, and to unfairly commpete with Aqua
Products.

125. Byrcasonofthe foregoing, Aqua Products suffered damages including injury
to its goodwill and reputation for which it has no adequate remedy at law.

126.  Onaccount of the activilies of the defendants in this Stateand District of New
Jersey, and througbout the United States, 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).

-17-
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AS AND FOR AN ELEVENTH CLAIM FOR RELIEF FOR
UNFAIR COMPETITION PURSUANT TQ THE COMMON LAW

127.  Aqua Products realleges paragraphs 1 through 55 as if fully set forth herein.

128. This cause of action arises under the conmmon law.

129. Theuscolthe Infringing URLs smisled and confused the public and trade, and
damaged Aqua Products' public image and reputation.

130. Upon information and belief, the trade and public falsely attributed the

aitributes and characteristics of Aqua Products’ services and products to those sold bythe defendants

as a result of their use of the Infringing URLs.

131. By reason of the foregoing, the defendants have engaged in acts of unfair
compelition in violation of the common law.

132.  Upon information and belicf, the Tegistration and use of the infringing URLs
was undertaken by the defendants with knowledge that doing 80 was misleading, and with the intent
ta confuse, mislead and deceive the trade and consumers, and to unfairly compete wilb Aqua
Products.

133. Byreasonofthe foregoing, Aqua ’roducts sustained damages including injury
to its goodwill and reputation for which it has no adequate remedy at 1law.

134.  Onaccountof the activities ofthe defendants in this State and District of New
Jersey, and throughout the United States, Aqua Products has been damaged in an amoupt not as yet

ascertained, but believed to be in excess of one million dollars (§ 1,000,000.00).

~18-
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WHEREFORE, Aqua Products demands judgment:

. finding that the defendants have copied Aqua Product’s patented innovations
and products, have mislead 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
thal misstate the features and attributes of their and/or Aqua Products’ pool cleaners;

b. preliminarily and permanently enjoining and restraining the defendants, their
agents, servants, employees, SUCCCSSOTS and assigns, and all those acting in conceri or participation
with them, fromi:

(1) manufacturing, producing, distributing, imporling, purchasing or

selling pool cleaning products embodying the subject matler of the invention of the ‘613 Patent, the

658 Patent or the ‘226 Patent;

(i)  engaginginany ather activity constituting an infringement of the'6 13
Patent, the ‘658 Patenl or the ‘226 Patent,

(ili)  assisting, aiding ot abelting any other person or business entity in
engaging in or performing any of the activities referred to berein;

(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,
reproduction, copy or calorable imitation of the Aqua Products Trademarks;

(v) matufacturing, having ynanufactured, producing, having produced,
distributing, circulating, selling, offering for sale, advertising, promoting, using or displaying any
services or products using any simulation, reproduction, copy of colorable imitation of the Aqua

Products Trademarks;

-159-
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(vi)  making any statement or representation whatsoever, or using any false
ar misleading descriptions or representalions of factin connection with the manufacture, production,
distribution, circulation, sale, offering for sale, advertising, promotion, use or display of any products
or services using any simulation, reproduction, copy or colorable imitation of the Aqua Producls
Trademarks;

(vii) distributing, publishing, distributing, selling or shipping any
advertising, marketing, promotional or any other materials that misstate the features and atiributes
of (heir and/or Aqua Products” pool cleaners; and

(viii) cngaging in any other activity constituting unfair competition with
Aqua Products, or constituting infringement of the Aqua Products Trademarks, or any of Aqua
Products’ tights 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 defendants, at their own expense, recall all pool cleaning
products that embody the inventions of the claims of the '613 Patent, the ‘658 Patent or the ‘226
Patent which were manufactured, distributed, sold or shipped by them and to reimburse heir
customers from whom said merchandise was recalled;

d. ordering that any URLs, domain names, e-mail addresses, hyperlinks,
metatags or web sites, owned, operated or controlled by the defendants, which use or incorporates

any simulation, reproduction, copy or colorable imitation of the Aqua Products Trademarks, whether

or not previously returned or surrendered, be permanentlytransferred to the plaintilfand/or forfeited;

e. directing that the defendants, at their ownl cxpense, recall all their marketing,
promolional 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 customers from which said materials are

recalled;

-20-




e

Case 3:05-cv-05856-MLC -DEA Document 1  Filed 12/16/05 Page 21 of 70 PagelD: 21

L directing that the defendants deliver to Aqua Products’ attorneys or
representatives for destruction all products, molds, plates, dies and any other materials in their
possession or under their control which embody the inventions of the claims of the '613 Patent, the
‘658 Patent or the ‘226 Patent;

g directing that the defendants deliver to Aqua Products’ altorneys or
representatives for destruction all products, labels, signs, prints, packages, maolds, plates, dics;
wrappers, receptacles and advertiscments in their possession or under their control bearing any
simulation, reproduction, copy or colorable imitation of the Aqua Products Trademarks, and all
plates, molds, matrices and any other means of making the same;

h. directing that the defendants deliver to Aqua Products’ attorneys or

representatives for destruction al] copies of the Comparison Charl in their possession or under their
control;

i. directing that the defendants file with the Court and serve on Aqua Products’
counsel a report in writing and under oath setting forth in detail the manner in which they have
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;

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

k. directing {he defendants to account to Aqua Products for actual damages
suftered by it, including its lost sales, as a result of the infringement and the active inducement of
infringement of the ‘613 Patent, the ‘658 Patent and the ‘226 Patent, directing that such damagcs he
trebled because of the willful and deliberate naturc and character of the infringement, together with
an asscssment of intercst, and awarding Aqua Products judgment in that amount against the

defendants;

-21-
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L. directing the defendants 1o account 10 Aqua Products for the defendants’
unjusily received profits resulting from infringement of the '613 Patent, the ‘658 Patent and the 226
[atent;

m. awarding Aqua Products its damages caused by defendants’ registration and
use ol the Infringing URLs, amd any other URLS, Jdomain names, e-mail addresses, hyperlinks,
metatags or web sites, owned, operated or controlled by the defendants, which use or incorporates

any simulation, reproduction, copy 0 colorable imitation of the Aqua Products Trademarks, and the

defendants' total profit realized thereby, and that such award be trebled pursuant Lo 15 USK.C.§1114
el seq.

1. awarding Aqua Products maximum statutory damages pursuant to 15 u.s.C.
§ 1117(a)

0. awarding Aqua Productsits compensatory, special and consequential damages
including treble statutory damages pursuant to N.J. Stat. § 56:4-2 and N.1. Stat. 56:3-13.16;

p. awarding punilive damages [0 Aqua Products for defendants’ willful and
malicious conduct,

q. for un assessment of costs, intercst and attomeys' fees incurred by Aqua
Products; and

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

w0
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JURY DEMAND

Plaintiff Aqua Products, Inc. hereby demands a trial by jury for all issues so iriable.

Dated: December __, 2005 SHAPIRO & CROLAND
New York, New York
e L@ _
Robeft Shapire

Continental Plaza Il

41) Hackensack Avenue
lHackensack, New Jersey 07601
(201) 488-3900

(201) 488-9481 (facsimile)

ABELMAN FRAYNE & SCHWAB
Jeffrey A. Schwab

Michael Aschen

Apthony J. Dilfilippi

666 Third Avenue

New York, New York 10017

(212) 949-9022

Counsel for Plaintiff
Aqua Products, Inc.
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WATER JET REVERSING I'ROPULSION
AND DIRECTIONAL CONTROLS FOR
AUTOMATED SWIMMING MOOL
CLEANERS

This application s a division of applicatiun Ser. No.
09237 301 filed on Jan. 25, 1999, now U.S. Pat. No.
6,412,133,

FIELD OF THE INVENTION

The invention relates (o methods and spparates for pro-
pelling autamated or robotic swimming poo) and tank cleap-
ers and for contralling the scanning of traversing patterns of
the automatcd cleaners with respect to the botiom and
sidewalls of the pool or tank,

RACKGROUND OF THE INVENTION

Auvtomaled or robolie swirmming pool cleaners radition-
ally contact and move abowt on the pool surfaces being
cleaned on axle-mounted wheels or on endless tracks that
are powered by a separate drive motor through a gear train,
The whesls or fracks are aligned with the longitudinal axis
of the cleaner, Swimming pool cleaning robots that move on
wheels pencrally have two cloctric motors-—a pump motor

powers a watcr pump that is vsed to dislodge and/or vacuum

dcbris up inta a fitter, the drive motor is vsed to propel the
robot over the surfaces of the pool that arc to be cleaned. The
drive motor can be conaccted through a gear train directly to
one or more wheels or axles, or through a belt and pulleys
to propel the cleaner; or to a water pump, which can be
cxternal to the robotic cleance that produces a pressurized
stream, of water jet, that moves the cleaning apparatus by
reactive force or by driving a water tuzbine connected via a
pear train to the wheels or endless track. The movement of
the puol cleaners of the poior art, when powered by either the
turtsine or the direct or reactive jet s in one direction and the
movemnenl is random.

Control of the longitudinal directional movement of the
robot can be accomplished by elaborate clectronic circuitry,
s is the case when stepper and 1., brushless motors are
employed. Other control systems require the cleaner 10
climhb the verical sidewsll of the pool until s portion of the
cleancr cxtends above the waterling and/or the unit has
moved laterally along the sidewall, after which the motor
drive reverses and the cleaacr returns to the bottom surface
of the pool along a different path, The water powered
cleapers of the prios art also rely on the reorientation of the
cleaner while on contact with the wall 1o effecl a random
change in dicection. TTowever, under cerlain cirfcumstances;
iLis & wasle of lme, energy and produces unnecessary wesr
and tear o bave the robutic cleaner climb the sidewall sulely
fur purpose of changing the patlern of movement of the
cleaner

I is knowa from US. Pul. No. 2,988,762 lo provide
laterally offset fixed bumper clements at cach end of the
cleaner o contuel the laeing sidewsll snd provide s pivol
point as the cleaner approaches the wall. Another transverse
slide rod can be provided 1o conlact a side wall and cuuses
the drive maotar to reverse. The bumper clements are adjnst-
able to provide variable angles, A third slide rod attached 10
# shut-off switch extends outboard of side facing the far end
of the pool, s0 that when the cleancr has covered the cotire
length of the pool and approaches the wall is a gencrally
parallc] path, the third slide rod is pushed inboard and =huts
off power to the woit,

It has alsa been proposed to direct the scanning moverneol
of a pool cleaner mechanmically by wse of a three-wheeled
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aray in which the third wheel is mounled cenirally and
opposile the other pair of wheels, and 1he axle upon which
the third wheel is mounied is able 1o rotale in a horivonial
plane arownd a vertical axis. A so-called free-wheeling
version of this apparatus s shown on US. Pal. No. 3,979,
T8,

In LS. Pat. Na. 3,229 315, the third wheel is mounted o
a plate and the plate is engaped by a gear mechanism that
positivcly rotates the borizontal axle and determines the
dircetional changes in the orentation of the third whes].

It iz al=o known in the prior an to provide a pool cleaner
with a verlical plunger or piston that can be moved by a
hydeaulic force into contact with the bottom of the pool to
cause the cleaner to pivot and change direction. The timing
must e controlled by a preprogrammed integrated circuit
(“IC™) device,

It is alse known from U.S. Pat, No. 4,348,192 1o cquip the
feed water hose of a circular floating pool elcaning device
wilh a contioeous discharge water jet nozzle that randomly
reorients iself to a roversing direction when the forward
movemenl of the Aoating cleaner is impeded. In addition to
the movable water jel discharge nosrle attached 1o the
underside of the floating cleaner, the hose 1s equipped with
a plurality of rearward)y-facing jei nosrles thal move the
water those in a random patiern and facilitate movement of
the cleancr.

Commercizl pool clesnems ol the poor art thal employ
pressurized waler to effecl random movemeat have also
heen squipped wilh so-called Yhack-up” valves that periodi-
cally interrupt and divert the low of water Lo the cleaner and
discharge il through a valve that has jels facing upstrearon,
thereby creating 3 reactive force to move the hose and,
perhaps, the attached cleaner in a geperally hackward direc-
tion, The back-up valve can be actvated by the flow of waler
through a fitting attached to the hose. The movement resuli-
in frum the activation of the back-up vabve jois s also
random and may have no cffcct on reoricnting a cleaner that
hux become immobilized.

The apparatus of the prior art for use in propelling and
directing the scanning movement of automated robotic pool
cleaners 15 lacking in several lmporlanl aspects. For
exarnple, the present state-of-the-art machines employ pre-
programemned inlegraled cireull (“TC") devices thal provide a
specific predetermined scanming patiern. The design and
production of these TC devices s relalively expensive and
the scanning patterns produced have been found 1o he
incffective in pools having imegular configurations and/or
obstructions built inte their bottoms or sidewalls.

Cleansrs propelled by a waler jel discharge move only in
a penerally Iorwardilirect, hod their movement is random,
such randommess being acceniualed by egaipping the unil
with a fexible hose or tail that whips about erratically to
alter the direction of the cleaner,

Cleaners equipped with gear trains [or doving wheels or
endless lracks represent an addibiona] expense in the desipa,
manufaciure and assembly of numerous small, precision-fil
paris; the owner or operator of the apparatis will also incur
the fime and expense of mainlaining and secucing replace-
ment parts due to wear and tear during the life of the
maching, A cleaning apparatus copstructed with s pivotsble
third wheel that oporates in a random fashion or in accor-
dince with a program bas the same drawbacks associaled
with the production, asscrably and maintenance of oumerovs
small moviag pans.

The robotic pool cleaners of the prioe aet are also lacking
in mechamical control mesns for the on-site adjustment of
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the scanning patierns of (he appurelus with respect o the
spegific configuration of the pool being cleaned.

Amother sipnificant deficiency in the design and operation
of the pool ¢leaners of (he privr arl s their tendency to
become immohilized, eg., in sharp corners, on steps, of
even in the skimmer inlake openings al the surface of the
pool.

Il is therefore @ principal object of this invention to
provide an improved awlomated or robotic pool and tank
cleaning apparatus that incorporates 4 reliable mechanisim
and methed of providing propulsion using a directional
waker jet for moving the clsaner in opposite dircetions along,
or with respect lo, the longitudingl axis of the apparats,

It is anather objeet of this invention to provide a method
and apparatus for adjustably varying the dircetion of, and the
amount of thrust or fores produced by a water jel employed
o propel a pool or tank cleaning apparatus, and to cffect
change in direction by interrupting the flow of water,

1t is anather imporan! ohject of the invention 1o provide
a simple and reliable apparatus and method for adjusiably
wontrolling the direction of discharge of a propelling water
jet that can be vtilized by bome owners and pool mainte-
nance personnel at the pool site to attain proper scanning
patterns in order 10 clean the entire submerged bolm and
side wall surfaces of the pool, regardless of the confliguration
of 1he pool and the presence of apparent obstacles.

Afurther ohject of the tnvention is o provide an improved
apparatus and method for varying the position of one or
more of the wheels or other support means of the cleaner in
order to vary the dircetional mevement and scanming pal-
lerms of the apparatus with respeet to the bottom surface of
lhe pool or tank being cleancd,

Tt is another object of the invention to provide a novel

method and apparatus for periodically changing the diree- -

tion of movement of a pool cleaner by intermittently cstab-
fishing al least one fixed pivot poiat and axis of rotation with
respect to the loogimdingl axis of the ¢leancr for at least one
puir of supporing wheels

Another vbject of the presenl invention is to provide 2
method and apparatus for assuring the tree and unimpaired
movement of the pool eleaner in ity prescribed or random
scanning of the surfaces tor be cleaned without interference
from the clectrical power cord that is atlached 1o the cleaner
housing and flosts on the surface of the pool.

Yet another object of the inveniion is Lo free a pool cleaner
that bas been immobilized by an obstuele so thal 1t can
resume jte predetermined scanning pattern.

T ix also an object lo provide magnetic and ofrared (“IR™)
sensing mesns for controlling the power circuits for the
propulsion means of the cleaner.

Anocther imporlani ohject of the imvention is to provide an
coonomical and reliable pool cleaner with a miniotum
number of moving parls and no inlemnal pump and clecteic
motar that can be powered by the discharge siream from the
pool filter system or an external booster pump and which can
Ieverse its direction.

Amnother important object of this invenlion is to provide an
apparatus and method that meets ihe ahove objectives o a
mare cost-cffective, relishle and simplified maaner than is
available through the practices and feachings of (he prior art.

SUMMARY OF THE INVENTION

The above objects are met by the embodiments of the
spparatus and methods described below. In the description
that follows, it will be understood thatl cleancr moves on
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supporting wheels, rollers or tracks that are aligned with the
longitudinal axis of the cleaner body when it moves in a
straight line. References to the front or forward end of the
cleancr will be relalive 1o ils then-direction of movement,

1n a first prefered embodimeat, 2 directionally controlled
water jet is the means that causes the translational movement
of the robotic cleaner across the surface to be cleansd. In =
preferred embodiment, the waler s drawn trom bencath the
apparalus and passed through at least one filler medium o
remeove debris and is forced by a punp through a directional
discharge conduit whose axds is alizned with the longitudi-
nal axis ol the pool cleancr, The resulting or reactive [orce
of the discharped water jet propels the cleaner in the
vpposite direction, The water jet can be diverled by various
mezns ad/or divided inio two or more streams that produce
resullanl {oree vectors that also affect the posilion and
direction of movement of the cleaner,

In one preferred embodiment, a diverter or deflector
mcans, such as 4 flap valve assembly, i imerposed between
the prmp oullel and the discharpe conduit, which diverter
mcans controls the ditection of movement of the water
through one or the other of the opposing cnods of the
discharge conduil, The positioning of the diverter means,
and thercfore the direction of travel of the cleaner, can b
chanped when the upil reaches a sidewall of the pool or after
the ¢lcaner has ascended a vertical sidewall. The movement
of the diverter means can be in response to application of a
mcehanical force, such as a lever or slide bar that Is causcd
o move when it coptacts a verlical wall, and through a
directly applicd forcs of by way of a linkage repositions the
diverler means and changpes the direction of the discharged
waler jel to propel the cleaner away from the wall. Tn one
preferred embodiment, power to the pump matar is inler-
mipled snd the position of the diverter means is changed in
Tesponse 1o the change in hydrodynamic forces acting on the
ap vatve assembly. Mechanical biasing and locking means
sre also provided to assuce the proper Tepositioning and
scating of the Map valve.

‘Ihe orisntation of the dischacged water jet can be varied
to provide & downward component or force vector, latcral
components, of & eombinalivn of suwh componeats or foree
veclors o complement the translational foree.

In its broades! construction, the invention comprehends a
method of propelling a pool of tank cleancr by means of a
water jet that is discharged in at least a first and second
direction that result in movement in opposile translational
directions, The direction of the waler jot 1s controlled by the
predetermined orientatiop of a discharge conduit that is
cither stationary or movable with respect to the body of the
cleaner, ‘The discharge conduit can be fixed and the pres-
surized water contrilled by one or more valves that aperate
in ons or more conduils W pass the water for discharge in
altcmnating dirzclions. The discharge condnit can also com-
prisc an elemenl of & rotating loeeet that is preferably
movnted on the top wall of the cleaner housing and i causcd
to rotate between al least two alternating, opposed positions
in order to propel the cleaner in a firsl end then a second
generally opposiie direction. The means for rotating the
turret and discharge conduit can include spring biasing
means, 8 motor of water furbipe driven gear train, etc.
During the change from one position to the alietnate oppos-
itig position, the cleancr is stabilized by inlerrupting the flow
of water from the discharge conduil, us by interrupling the
power to the pump motor or discharging water lrom one or
more other orifices

The invention comprehends methods and apparatus for
controlling the movement of robutic tank and swimming
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pool cleaners that can be characiensed as sysiemalic soan-
ning paltemns, scalloped or curvilinear patierns and con-
trolled random motions with respect 1o the bottom surface of
the pool or tank. For the purposes of this description,
referonees to the front and rear of the cleaning apparatus ot
its housing will be with mspect to the direction of its
mavement A convenlional pool cleaper comprises a base
plate on which are mounted a pump, at least one motor for
drving the pump and oplionally 2 sscond motor for propel-
ling the apparatus viz whesls or endless track bells; a
housing having a top and depending sidewslls that encloses
the pump and moior(s) is secured 1o the bass plate; one or
more types of filter media are positioned inlernally and/or
externally with respect to the housing; and a separate
external handle is optionally secured to the housing. Power
is supplied by floating electrical cables attached 10 an
external source, such as a transformer or a battery conteincd
in a foating housing at the surface of the pool; pressurized
witer can ilso be provided via a hose for water turbing-
powered cleaners. The invention also has applicaiion 1o tank
and pool cleaners which operate in conjunction with a
remote pump and/or filter system which is located outside of
the pool and in fluid communication with the cleaner via a
hnsc.

While the illustrative fipures which accompany this
application, and o which reference s made herein, sche-
matically dlusteate varions embodiments of the invention on
robotic cleanens equipped with wheels, 1l will be undersiood
by one of ordinary skill in the ar that the Invention s equally
applicable to cleaners which move on endless tracks or helts.
Specific cxamples are alse provided where the cleaper is
equipped with power-driven transverse cylindrnical rollers
that cxtepd across the widih of the cleaner body,

In onc embodiment of this aspect of the invention, an

otherwise conventional cleaner is provided with at least ope

wheel or track that projects beyond the peniphery of the
apparatus in a direction of movement of the apparatus. In
operation, this offset projecting whesl will contact the wall
to stop the forward movement of the apparatus on one side
thereby cansing the cleaner to pivot unlil the opposile side
akes contact with the wall so that the longitndinal axis of
the cleaner forms an angle “h" with the sidewall ol the poo).
When the cleaner moves in the reverse direction away from
the wall, it will be lraversing the botlom of the pool at an
angle “h". An apparalus equipped with anly one projecting
wheel or suppurling member sl one corner location of the
housing will assume a generally normal position to an
opposite parallel sidewall,

In a further preferred emboadirnent, a cleancr provided

with a sceond projecting wheel of supporting mcmber at the

opposite end will vndergo a pivoting motion as the cleancr
approaches a wall in cither dircction of movemcat, The
angle “b” can be varied or admsted by changing the distance
the wheel projects beyond the poriphery of the elcance. As
will be approciated by one of ordinary skill in the art, the
angle “b” will determing the cleaning pattern, which pattern
in turn will relate to the size and shape of the pool, the depree
of overlap on conmscoutive passcs alonpg the surface 1o be
cleaned, and other customary paramelers.

In order to change the direction of movement when the
cleaner assumes a path thal 1s genersfly parallel 1o an end
wall of the pool, the cleaner is provided with at least one side
projecling member that extends outwardly from the cleaner
housing from a position thal can range from st or adjacent
the forward end (0 midway between the drive wheels or ¢nds
of the cleaner, The side projecting member acts as a pivot
point when contacting a sidewall of the pool so that the
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cleaner assumes an arciate path until it enpapcs the contact
wall. When the unil reverses, the new cleaning patlern is
initially at approximately a right angle to the former scan-
ning, patterno.

In another cmbodiment of the invention, a pair of the
whesls located at one or both ends of the cleaner are
mouated for rotation at an apgle that is not at 90° ar normal
to the longimdinal axis of the cleaner. Where the pairs of
from aod rcar wheels are each mounted on 4 single trans-
verss axle, ong or both of the axies is movnted at an angle
that is pffset from the longiludinal normal by an angls “b".
In apotber preferred embodiment, ope side ol the axle is
mounied in a slot that permits movement to gither the front
or rear, or 10 hoth fronl and rear, in response 1o movenent
of the apparatus in the opposite direction,

In yet apother embodiment, at least ape wheel of a
diameice smaller than the other wheels is mounicd on an axle
Loy incluce the spparatus o follew s curved path. In another
¢mbodiment, the apparatus is provided with at least one pair
of caster or swivel-mounted wheels, the axcs of which
independently pivol in response Lo changes in direction 50
that the apparatus follows a curved path in one or both
directions. In this embodiment, providing the apparatus with
two pairs of caster-movnted wheels will produce a scalloped
or accenmated curvilinear motion as the unit moves from
one point of ¢ogagement with the wvertical sidewalls 1o
anniher.

in a further preferred embodiment of the slot-mounied
axle, one or more pogition pins are provided 1o fix and/or
chanpe the range of movement of the axle in the slot, These
adjustments allow the operator to customize the pattern
based upon the size and/or configuration of the specific pool
being cleaned.

Another embodiment of the inveniion improves the abil-
ity of the cleaper io follow a particular paliern of scanning
without interference or immobilization by providing an
improved conpector for the power cable. Aswivel or ralaling
clectrical connector is provided between the cleaner and the
exterpa) power cord in order 1o reduce or eliminate inler-
fercnee with the scapning pattern caused by twisting and
coiling of the power cord as the cleaner changes direction.
‘The swivel connector can have two or more conductors and
be formed in a right-angle or straight confipuration, and is
provided with a water-tipht seal and releasable locking
means to relain the two ends rotatably joined apainst the
forces applied during operation of the cleancr,

In another embodiment of the invenbon, control means
are provided to periodically reverse the propetling means to
assure that the cleaner does not become immobilized, e.g.,
by an obstacle in the pool. Jf the pool cleaner does not
change ils onenlalion wilth respect Lo the botlom or sidewall
ax indicaied hy & signal from the mercury switch indicaling
that such tremsition has occuwrrcd during the prescribed
perind, &.g., three minnies, the conirol cireuit will aulomati-
cally change, the direction of the drive means in order 1o
permit the cleaner i move sway (rom the obslacle and
resume 715 scanning paliem. In a preferred embodiment of
the joveniion, the predeismmined delay penod belween avio-
reversal sequences is adjusiable by the user in the event that
a preater or lesser dolay cycle time is desired, Sensors, such
as magnetic and infrared responsive devices are provided o
change the direction of movement i response to prescribed
canditions,

BRILF DESCRIFIION OF THE DRAWINGS

The above objects and other advantapes and benefits of
the inwention will be apparcat from the following doserip-
tion w which:
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111G, 1 15 & side elevation, parily in cross-scetion, of a pool
cleaner illustrating one embodiment of the directionzal waler
et of the invention,

FlIG, 1A 15 a side elevation, pastly In cross-seelion, sof
another emhadiment of the nvention of F1GG, 1,

FIG. 1B is a side elevation, pantly in eross-seclion, of a
waier jeb valve assembly schematically illustrating another
cmbodiment of the invention of F1G. 1;

FIGS. 2 and 3 arc side elevation views, partly in cross-
section, schematically illustrating the operation of the water
jet valve assembly shown in F1G, 1;

FIGS, 4 and § are side elevation views of the embodi-
menis of the valve assembly of FIGS. 2 and 3 provided wilh
additional vertical discharge valves of the invention;

FTGi. 6 15 1 top plan view of a flap valve member suitable
for use with the embuodiment of FIG, 1;

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

TIG. 8 is a sidc clevation, partly in cross-section, of the
valve assembly of the invention instalied on a pump;

FIG, 915 7 side elevaton of the embodiment of FIG. K,
schematically fllustrated in relation to a pool cleaner, shown
i1 phantom;

FIG. 10 i% a side elevation of anather embodiment of the
waler jel valve asscmbly of the invention schematically
illustraled in relation 10 a cleancr, shown in phanlom;

FIG. 11 is a side clovation of another embrodiment of the
water jet valve asscmbly of the inveotion schematically
illustraled in relation to a cleaner, shown in phantom;

FIG. 12 is a side clevation of another embodiment of the
water jet valve assembly of the invention with pressurized
waler supplied by an cxterpal source, schematically illus-
traled in relation to a cleancr, shown in phaniom;

FIG. 12A is aside clevation view, parily in cross-section,
of a maodified discharge conduit attachment in sccordance
with the invention;

FIG. 13 i a side elevation, partly in cross-sectiom, of a
pool clesner equipped with the water jel valve assembly of
the invention and external pressurized water sowree with
venturi discharge outlets;

FIG. 14 schematically ilustrated an embodiment similar
1o that of FIG. 13 in which the filter system is extemnelly
moneniecd;

TIGS. 15 17 arc side clevation wiews of a cleansr pro=
vided wilh auxiliary support means in accordance with the
invention to improve the movemenl over obstacles and
irregular surfaces;

FIG, 18 i5 a Inp plan view of a tundem cleancr provided
with -lwo waler jel valve assemblics of the invention;

FIG. 19 is a side ¢levation of a prior url pool cleaner,
partly cut away Lo show a fluid activated plunger sssembly;

FIGH. 2022 are side elevation views of pool cleanens,
parlly cut away, 10 show laterally mounted directional pivot
assemblies of the invention;

Fl¢3, 23 is 8 top and side perspective view of a portion of
a ponl cleaner Lo show a dischacge conduit provided with an
adjustable diverter [or varying the diccctional discharge of
the water jel fomm the valve assembly,

ElG. 24 is a 1op cross-sectional plan view of the diverter
mechanism of FIG. 23;

LG, 25 is & 1op plan view of 2 cleaner dlustrating one
cmbodiment of offsetting the discharpe conduits o produce
a non-lincar movemenl of the cleaner in bath directions;
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TIG. 26 is a top plan view of a c¢leancr provided with
[MeAns i0 creale sn uneven hydrodynamic drag loree vo side
of the cleaner to prodluce @ mon-lingar movemenl of the
cleaper in vue direction.

FIG. 27 is a side perspective view, partly in eross-section
of an in-line electrical connector of the inveation shown in
relation to a sepment of e cleansr housing

FIG. 2R i a side elevation view, parily in eross-section, of
an apgular electrical swivel connector of the invention;

Fl(3, 29 i » plan view, partly in cross-section, of anather
cmbodiment of an in-ine swivel ¢lectricul connector;

FIG. 30 is a prospective view of the assembled in-line
swivel eonnector of FIG, 29 schematically illustratiop its
relabion to the cleaner;

FIGS. 31A and 32A arc top plan views schematically
illustrating the prior art construction of a poul cleaner with
pival members extending trom the front, and from the front
and rear, respectively, in the direction of movement of the
cleaner;

FIGS, 318 and 32H are schematic representations of the
pattern of movement af the prioe art pool cleaners of FIGS.
31A and A2A, respectively;

LIGS, 33 and 34 are Lop plan views schematically illus-
trating conbodiments of the inventicn in which 1he cleaner's
supporting wheels extend Beyond the periphery Lo the front
and to the front and rear, respectively to provide a pival
proint;

VIGS, 35A and 358 are schematic Qlustrations of the
palterns created by the emhodiments of FIGS, 35 and 36,

FIGS. 3544 arc top plan views schematically illustrating
emhodiments of the invenlion in which the cleaner’s sup-
porling wheels are mounted oo ope or more axles that are
offset ul an angle to line that is normal Lw the longimdina)
axis of Lthe cleaner;

LI(3. 45 s a side elevation view of an adjustable axle and
wheel assembly similar to the cmbodiments illustrated in
FIGS, 43 and 44,

FIG. 46 is a plan view of o curvilinear of free-form pool
or tank schematically illustrating the predetermined sean-
niog pallern in accordance with one embodiment of the
invenlion;

F1G. 47 is & bottom plan view of one end of & pool cleaner
wheel and axle assembly illustrating a mechanism for aulo-
matically changing Lhe orientation of the wheels in response
to a lateral contact with the side wall of a poal;

FIG. 4BA [s a sectional view of Lhe wheel and mechanism
taken along line AA of FIG, 47;

FIG, 48B is a sectional view of the opposite wheel and
mechunism taken along ling B—B of FIG. 47,

FI(3. 49 is a seclional view taken along a line 49—34% of
TIG. 47;

FIG. 50 is a top plan view of a cleaner equipped wilh
molur-driven supporting rallers on & moving axle in aceor-
dance with the invention;

FIG. 51 is a lop plan view having supporting rollers and
a sliding axle ip sccordance with the invention thal includes
4 universal joint; and

TI1G. 52 is a flow charl illustraling a method of the
invenlivn for reversing the direction of movement of a
cleaner in accordance with a prescribed program.

DESCRIPTION OF THE FREFELRRED
EMBODIMENTS

Iz the description that follows, a pool cleaner 10 has an
exterior cover of housing 32 with a lop wall 186, an internal
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pump and drive motor 60 that draws water and debrs
through openings in a base phate that arc entrained by a filter
61

The series of F1(GS. 1-14 illustrate embodiments in which
a single moior is used 0 vasuum debris and propel a
swimming pool cleaning robot in combination with
mechanically simple directional comtrol means, o this
embodiment, 3 temporary interruption of power t0 the molor
will result in the reversal of the mbot's movement. The

inlerruption of power Lo e motor can result from 2 pro-

grammable power confral circuit or be fnitiated by physical
conditions affecting the cleaner,

FI1G, 1 schematically illustrates, in partial cross-seclion, a
pool cleaner 10 bavipg a water jet valve assembly 40
mounted on top of a motur-driven waler pump 60 using
impeller 58 10 drive water “W™ up through hoasing aperture
17 and inmic the valve assembly. ‘The valve assembly 40
comprises a geacrally T-shuped wvalve housing 42 with
depending leg 43 sccured o cleanct housing Nange 18 and
in fluid communication with discharge conduits 448 and
441.. Positioned in the interior of valve bowsiog 42 is flap
valve member 46 (shown in a lransitory position). As best
shown in FIGS, 6 and 7, llap 46 is provided with mounting
posts 47, und twa “I™-shaped spring-loaded lock bars 48R
and 48T pivatally mounted on pivot posts 49 on either side
of the flap 46. Lock springs 50 urge bars 48 inta contact with
Nap member 46, The cross-seation of conduils 44 can be
round, rectilinear, ur of any other convenical shupe, the
reclangular configuration ilusiraled being preferred.

Fiti, 2 illustrates the sequepce of movements inside valve
housing 42, When power to the pump motor 60 is tumed v
and watcr is being pumped through jet valve housing 42, the
pressurized water streamn W entering Lhe housing acts on Lhe
flap member 46 10 uge it into positiun Lo close discharge
conduit 4L at the lef side of the vaive and applics a lorce
that urges the lock bar 48R w fold awuy from the valve
member 46 o the rght discharge conduil 441, resulling in
a waler jet propulsion farce that is emifted [ron the dght end
of discharge conduit $4R.

Bl 3 illustrates the next sequence of steps or Movements
that resull whea power to the motor 60 is shut off aod/or the
flow of water W is interrupted. The sudden inteemption of
the water W llowing into the valve housing 42 causes the
eXitinp waler slrean to create u low pressure or partial
vacuum, therehy causing Aap member 46 to swing towards
the ripht discharge conduit. This mevement of the flap
member is llowed by the movement of left lock bar 461
io lock the valve member 46 inte position to the right of
center, Whep power to the motor is lurned back on, the watcr
flow will be directed into left discharge conduit 441.. K is
possible 1o operate jet valve assembly 40 without lock hurs;
however, precise liming is required to turn the power on and
W reactivate the pump 60 before valve member 46 swinps
back 10 jls previous position prive to the interuplion of the
walcr flow.

P16, 4 {lustrales a further preferred embodiment in which
provision is made for a reductivn of excessive waler jot
pressure through the open end 45 of conduits 4R and 441
To control and adjust the waler prossure, openings arc
provided at buth sides of flap valve 46, and adjustable
clusures, which can be ¢.2., sliding 53R, 53L doors proxi-
mate the openings provide for tbe desired amount of by-pass
waler, the force of which, when direcled upward, urges the
robat 10 against the surface of the pool.

FIG. 5% illustrates un automatic mechunism to accomplish
the abowe in which spring-leaded doors 54R, 541 open when
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the imitia] operating pressure is too high W maintain proper
speed of rabot, €.g., when (he filter bag is clean. Doars 54
are wounied by hinged members 55 and bissed inlo a closed
posilion by springs 56, As filler 61 accumulates debris and
dirt, the bag claygs up, pressure drops and the spriog-loaded
douvrs close partislly or completely.

F145. 6 illusirates the configueation of a preferred cmbodi-
ment of the fap valve member 46 and TG, 7 shows one
gmbodiment of the lock bar 48 and the relation of associated
lockspring 50, Other forms of biased mechanisms, including
¢lectronic and eleetro-mechanical means can be employed.

Tn another preferred embodiment of the invention, the Hap
46 is moved by positive mechanical means in respunsé 1o a
contact with a side wall or other struclure in the pool. For
cxample, FIG. 1A illustrate a cleaner 10, similar in con-
struction to that of FIG. 1, on which is mounted valved
asscmbly 40 Valve actuating member 240, is slidably
movnted internally and parallel to the axis of the discharge
conduits 44 in spiders 260 and passcs through a slotted
opeaing 248 in flap member 46', Contac! members 244 and
246 are mounted on rod member 240 oo cilher side of flap
member 46 and positioned 1o urge the valve into one or the
other of its sealing positions 10 divert the waler flow W. In
operation, as the cleancr 10 spproaches the sidewall, resil-
ient fip member 242 confacts the wall and rod 240 is moved
tr the 1eft in F1G. 1A until eontact membor 244 reaches flap
46 and moves it v he right. When lefthand whecl 30
reaches he wall, the movement of rod 240 ceases and Bap
46’ i% seated, With waler W cxiting discharge conduil 441,
the cleaner moves away from the wall with actuating rud 240
cxtending beyond the periphery of ibe cleancr and posi-
tioned 1 contact the opposite wall. Where the process is
repeated.

In another preferred embodiment, the Gap 46 is moved by
electromechanical mesns, e.g., a linear ur cirevlar solencid.
As schematically fllustrated in FIG, 1R, a eircular solidoid
260 having pawer cord 261 is mounied on the exterior of
valve housing 42, The axially rotating element 262 of
solenoid 260 enguges flap 46, Tn une preferred embodiment,
{he IC coniroller for the cleaner sends a signal Lo activate the
svlenoid maoving the flap 46 tn ils opposing positioa. 1t will
be wnderstoesd that the foree of waier stream W will seat flap
4§ in the reversing position.

FIG. B [lustrates the jet valve assewbly as described in
FIGS. 1-3 on which additional directiona) flow elbows
120R, 120L are secured to the terminal ends of the discharge
conduits 441, 441, The assembly 40 can be produced with
elbows 120 ss an integral vnit from molded plastic, cast
aluminum or other appropriate malerials.

The water jet discharped from the elbow 120 4t an angle
“4™ 10 the translational plane of movement of the cleaner 10
produces a foree vector componen! in a dewnward direction
towards the wheels 30 as well as a trunslational foree vector
tending to move the cleaper scross the surface beiog
cleaned.

FIG. Y illustrates the capecially prefeired location and
onfentalion of the jet valve asscmbly 40 of FIG, § in relation
10 robotic cleaner 10 (shown in phantom.) In this
embodimeant, the discharpe conduits 44, through their asso-
ciuied glbows 120, project through the sidewalls ol housing
12. Tn a further preferred embodiment, the elbows and valve
housing. 42 are integrated into the molded hovsing 12 which
is produced from ap impact resistant polymer. With [urther
reference 1o the arrow “VR™ indicates the resultant vector
faree produccd by the expelled jot stream, the angle *a” of
which is eritical to the proper movement of robat 10 while




-

Case 3:05-cv-05856-MLC -DEA Document 1 Filed 12/16/05 Page 46 of 70 PagelD: 46

US 6,742,613 B2

1

on or off the vertical or angled side wall of 3 pool. As shawn
in FIG. 9, the projecled resultant vector Ar crosses the
horizontal or translational plane between the axles 32, and
preferably in closer proximity to the front axle, where the
front axle is defined by (he direclien of robot's movement as
the Jeading axle. Providing an angle that places the line of
resultzol vector “Ar” belween the axles assorcs the stable
operation of the cleaper.

In addition to providipg a more compact and damape
resislant constretion, incorporation of discharge vulve 4
into bousing 12 rcduces the mumber of separate parts
required tor the practice of the invention, thereby reduving
costs. 1o this regard, use of a source of pressurized water
from external source as specifieally illusiraled in FIGS.
12-14 (and which ¢an be applied 1o all of the other embodi-
ments described) eliminaies the pymp and molor assembly
60 resulling in lurther cost and matcrial savings, ss well as
a reduction in operating apd maintepance expenses.
Moreaver, by incorporating the valve assembly 40 in the
inerior of housing 12, other elements conventiomally
allached 1o the exterior of cleaners of the prior art cun
comtinue w0 be used, e.p., floating bandles that control the
alignment of the unil om the sidewall at the water line of the
pool.

FIG. 10 illusirates u jel valve assembly sitnilar to that of
F1GS, 1-3 that is mounted upside down in u robotic cleaner
{shown in phantorm). In this embodiment the motor operalcs
two propeliers, one localed at either end of the drive shatl,
The upper propcller S8A creates a downward force, which
when conpled with the honizontal or ransnational jet force
emitted from discharpe conduit 44R or 44T, produces a
resultant vector K that can be set in the proper angle by
selecting the appropriate size for the upper propeller. In this
embodiment, dircetional elbows are not required lo provide
a downward hydrodynamic force vector to urge the appa-
ralus inlo conlacl with the surface to be cleaned,

FIGE. 11 illustrates 4 jet valve assembly 40 that is movnted
in cleaner 10 in a horivontal pusition, permitting a low
profils for the cleaner howsing 120 In the embodiment
shown, the bousing 12 is supported by large dianeter wheels
30 and the axles 32 are posilioned above valve assembly 40.
As a esult of the low center of gravity of the unit e
discharpe of the propelling force of the water jet can be
limited ta the horizontal or fransnational direction. The larpge
wheel diameter allows the wnit 1o traverse uneven surflaces.

FIG. 12 illusirales u jel valve assembly which is con-
nected 1o an exlemnal pump (not shown) by a flexible hose
152 attached Iov housing adapter 15¢ and therefore requires
no internal pump motor. The heose 152 is sequred 1o the

rohatic cleaning apparatus by means of swivelling elbow

joint 154 10 allow wnimpeded movement of the robotic
cleaner and Lo prevenl bwistiog of the hose 152, The swilch-
ing of jet valve i secomplished by o solenoid valve (not
shown) imstalled in-line near the outside pump. Cleaners
nsing this external pump sysiem do oot have filtler bags to
enllect debris. Rather, the jet outlet is deflected slightly
downward foward Lhe surface being cleaned by directional
flow cibows 120R,, 120150 that the water jet tarbulence stirs
up the debnis from the hoftom of pool; once buoyant, the
debris is filtered by the pool's permanent internal filter
system. Crenerally, oulside Niiering systems have multiple
inlets to the pool, ons of them uwsually is equipped with a
fitting 50 that flexible hose 152 can be comoected 1o it
Utilizing this embodiment of the invention, an oulside filter
system becomes much more efficient since it is able 1o filter
not only floating debris from the water's surface, bul also
debris dislodged from the bottom of the pont. To assure the
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downward dirccted jet streams do not flip the cleaner,
supplemental weight member 1-56 is added 1o the botiom of
the apparalus to maintain an overal] negalive loyancy, The
weighl member can be one of more balteries for providiag
power to cleancr 10 where the pump is powered by an
internal molor, as in FIGS, 1-11,

TIG. 12A illustrates a bi-axial flow diverter 124 attached
tor discharge conduvit 44 for use with the robol of FIG, 12, 1t
is desirable for ease of handling not to add additional weight
Loy the cleaner. Instead of adding weight 136, the discharge
conduil in this embodiment iz provided with Mlow diverted
with al least two channels shaped so thul part of the emitted
waler is direcled downward at a relatively shallow angle,
while the olher portion of the stream is directed upwardly at
greater angle 1o the transnational plane. The combined force
of the two streams results in 2 veetor 12 that urges the robol
against the swrface on which it is moving. FIG. 13 illuslrales
a tohol of construction similar to that of the cleaner al FIG.
12

This embodiment is equipped with a course filter medinm
172 (shown in phantom) and means 176 1o dislodge delris
from the puol surface so that it can be drawn into Lhe filter
172. The vpen ends discharpe conduits 44 are each firted
with un expansion sleeve 190 that is larger in ils inside
dimension(s) than the outside dimension(s) of the discharge
conduit. The gap beiween the cooduit 44 and sleeve 190
creales a path through which water drawn by Lhe venturi
effect crealed as a resull of the sudden inercase in volume of
the flow path ansd corresponding pressuce drop, This pressure
drop creales a negative pressure inside the robot howsing 12
g0 that the jet streams thal converge uoder the cleanct are
able to lift debris and carry It into contact with the robot’s
filter medivm 172, The jet sireams are tapped off the inlet
side of valve assembly 40 by hoses 178 connected to a
transverse manifold 180 at the front and back of the robot,
The manitold 180 has nwltiple openings 175 that ¢xtend
across the full width of the robot's housing so that the jot
cleaning streams impioge on the entire surface to be cleaned.

FIG. 14 illustrates another embodiment of the invention in
which the cleaning robot is operaled by an external pump
(nol shown). As shown in the cross-sectiona] view, Lhe
cleaner is provided with two exterpal coarse filter ar col-
leclor bugs 173 that are secured (o the outlets of the venturi
chambers 192, Outlet jots 194, fed by hoses 193, are
positioned in the chambers 192, Water issving from jels 194
creates a low pressure gone drawing up waler and loose
debris from benealh cleaner 10, the debris being retained by
filter bag 173. The chambers are conpected to the intake sids
of the jet valve housing 44,

FI1G. 15 illustrates a robot that is cquipped with a plurality
of auxiliary whee] or rollers 30' along the bottom o side-
walls hetween the suppocting wheels 30 at ither end of the
clzaper 10. The auxiliary wheels can be movnted for free
rotalion on the housing 12 or ¢xternal side plale. This
configuration prevenis the robot from being immobilized on
a hump or ather vertical discontinoity in the battom surfage
of 1be swimming pool or taik beinp cleaned,

F1G, 16 illusirales 1 robol stmilar to that of F1G, 18, but
instead of wheels or rollers, (he bottom odges of the robot's
side walls 12 or side plates 15 [acing the pool surface are
provided with Teflon* or other low-friction enpincering
plastic strips 201 50 thal the apparatus slides along on the
bottom edpes,

TIG. 17 illustrates anather embodiment of the robot that
is equipped with “immobilization” means. These moans
comprise two idling wheels 204, 206 comnecied 1o each
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nther by a hell 208. TL should be noled that although the
so-galicd “immobilization” devices popcrally are installed
on opposing sidewalls of the robol, there are inslances 1o
which it 15 desirable 1y equip the robot only on one side. This
will result in random turping of the robot in one direction or
the other whenever it goes over a hump as shown in FIG. 15,

(i, 18 illustrates & cleaning robot with two watst jet
valve assemblics to which are attached directional fiow
clbows 120, In addition, there are a plurality of pumps
having outlets 220 to increase the vacuum effect and clean-
imy ability of the robot. The multiple jot valve system is
capecially suited for remote control operation, since each jet
valve can be controlled independcntly, As illustrated, the
rabol is equipped with rollees 30 however, wheels can also
be uwsed with this embodiment.

Vertical Pivot Axis

FIG:. 19 illusiraies a conventional fixed spring-loadcd
evlinder assembly 330 of the prior arl which 15 aclivaled by
hydraulic force supplied by a pump motor (not shown) via
hose 342, the liming of which is controlled electeonically,
eg, by a pre-programmed Inteprated citcvit device 344,
When the hydraulic fores is applied, the piston 346 moves
W engaye the surface causing the cleaner to pivot about the
axis of piston 346, Use of this device produces random
mation by the cleaner.

FIG. 26 iusiraies 2 robol that is equipped on one side
only with a cylinder assembly 300 that i5 free o toiate
longitudinally 1owards boih ends of ihe cleaner. The assem-
bly’s upper cod 302 is pivotally movnted at 304 on {he side
of the robot at & position that is trapsversely displaced from
the central lopgitudinal axis of the apparatus, At the lower
cnd of the cylinder M), a spring-loadcd piston 306 cxtends
downwardly toward the botom of the ponl. Each time the
robot roverses its direction, the cylinder assembly 300
applics a trapsitory frictional braking force to the motion of
the robol on one side which resalts in a pivoting action about
the verlical axis of the piston and the repositioning, of the
longiludinal axis of the apparatue. This braking action lasts
uniil the piston 306 is pushed into the surrounding cylinder
308 far enough to allow Lhe cylinder assembly to pivol past
its vertical position, The rate at which the piston moves can
he eontrolled, a.g., by an adjusteble valve 310 ai tie 10p of
the cylinder. In the practice of this cmbodiment of the
iavention, the robot ¢an have wheels mounted on fixed axies
in paralle]l relation and sill be able to scan the botom
surface of a rectangular poal.

FIt3. 21 illusirales o robol thal is equipped with an arm
320 pivotally movnted on one side of the cleaner housing al
a position similar la thal of FTG. 20, bul which engapes the
pool bottom when the cleaner maves in only ene direction.
The lower c¢nd of arm 320 is arcuate, ¢.g., shaped as 3
segment of a circle, the center of which coincides with the
pivot point 324 of the ano, A cylinder assembly 322 similar
10 the onc described in FIG, 20, but without the spring, is
pivotally linked to the arm at 323, However, the piston 326
is froe to move in ong direction only; movement in the other
dircetion is controlled by an adjustable valve 310, When the
rabot chanpes direction, only every second time does the
eylinder assembly apply a frictional braldng force i hali the
forward motion of the robot, Use of this apparatus and
mcthod of operation produces a scanming pattern for the
cleaner that which consists of allcrnating perpendicular and
anpular paths with respect o the sides of a rectangular pool.
In pouls where the robot climbs the verlical side walls, the
bruking or pivel arm will conlinue o pivol while oo the wall
(due 10 gravily) us shown io phanlom, so that when the robot
comes ofl the wall, the arm will nol immediately louch the
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bottom of the pool. In this mode of operation, a lew seoomds
will pass hefore pravity pulls the atm A20 down (o make
conlact with the bollom sueface of the pool. The robot will
move bonzonially for a short distance before it changcs
direction hy pivoling around the pivot arm,

F1t3. 22 illusirates yet another embudiment in which pivot
arm 330 extends in 2 downward direction to make contact
with Lhe batiom fleor of the pool o provide a frictional
braking [oree o 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 1% relatively simpler and less
expensive. A [rclion pad 334 is atlached to adjustment
means 332 which permits the [rictional contact between the
pad 334 and end of pivol arm 330 10 be varied 1o therchy
control the pivoling time that the opposile end of said arm
is in contact with the pool surface and hefore disengugement
of the pad and pivol arm. The friction pud cen be a
directional resistancc material that is, greater resistance is
provided in oo direction than in the other

As shown in FlGi, 23, the apen end of one or hoth of the
nutlets of the discharge conduil or directional How elbow is
provided with internal flow divener mesns 550, Intecoal
dove tail configuration 35 hes an ouiwardly tapered throat
and is provided with adjustable diverier flap 5584 in the
discharge flow path that directs the flow of waler 10 one side
or the oter of the outlet 120, As more clearly shown in the
oross-seclion view of TIG. 24, (he dove tail outlct is pro-
vided with diverter flap positioning means 556, ¢.g., two sl
serews Lo adjust the pusilion of the diverier Sap 554, The
cross-seclivnal area of the elbow when the diverter means is
posilioned al vne side oo the other i3 about the same a5 the
area of the discharge conduit 120, Le.; thers 18 no restriction
of the flow, or increased back prossure. By having the water
jel exil angularly 1o the lefi or 1o the right of the loppitudinal
centerling, the robol will follow an arcuale path in one
direction or the other. The radius of the arc can be controlled
by the adjustable positiontng of the diverter [lap 554. The
cleaning apparatus of (his embodiment can also be ket 1o
operale in a more random manner by retracting the adjusting
serews 55610 allow the diverter flap to pivot freely from lefi
or fght zach time Lhe water jet mmpacts it. A manvally
adjustable Hap 554 cnables the vser to change its position
from time o lrme io order 10 unwind a twisted power cord,
should that oceur.

[F1G. 25 illustrates another method by which a scanning
paltern is achieved without changing-the position of the
wheels or the axles. The jot valve asscmbly 40 is positioned
oll-center of the ceatral lonpitudingl axis “L” of the cleaner
10 tor thereby produce movement in a semi-circulator other
curvilinesr pattern.

FTt3. 26 illusirates anather srmbodiment in which a scan-
ning movement is schisved by providing the exterior of the
housing 12 with a conliguration Lhat presents an asymmelri-
cal hydrodynamic resislance Lo movement through the

5 water, In the specific embodiment illusirated, ibe unequal

hydrodynamic resistance is effecied by adding a resistance
flap 560 to one side of an oltherwise symmetrically desipned
robot housing 12, The waler resisiance causes (he robot o
curve to the lefl or right. I the resistance means is pivotally
mounted at 562 as shown, the robol moves straight in one
direction and assumes a curved path io the other, A plurality
of flap position members 564 are provided for adjusting, the
stop position of pivoling flap 560t 10 thereby vary the
resistance, The asymmetrical hydrodynamic resislance can
alse be achicved by inteprally molding the housing on one
or both cods sa that it presents wocqual hydrodynamic
resistance during movement,
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Power Cord Swivel Comnector

Io order to reduce or elininate intecforence with the
stanniog patiern ol the cleaner associated with twisting and
voiling of the Noating power cord 74 as the cleaner repeat-
edly chanpes direction which results in the tethering of the
cleaner, anuther embodiment of the invention comprebends
a swivel or rotatable conncction at a position along the
power cord, or between the power cord and the moviog
cleaner.

With relerence to FIG. 27, there is schematically illus-
traled a cross-seclional view of the upper surface 16 of
howsing 12 provided with an aperture T8 adapied te accom-
modate socket portion 82 of electrical swivel connector
socket §0. Socket 82 is fabricated from dielectric malerial 83

and is provided with electrical contacts 862 and Rz which

in turn are joined to female plug 30 by conductive wires 89.
Plug 90 is adapted to mae with male plug 92 winch
werminates clectrical wire 93 from the motor (notl-shown.)

With fTuriher reference o sockel 82, a groove ¥4 05
provided proximate the open end 1 receive an o-ring 96 or
other means for sealing the sockel and Tocking the plug or
jack portion 84 into sccure mating relation. Jack 84 is
eomprised of insert member 98 fabricaled from dielectnic
material, and clectrical contacts 885 and 886 that are adupled

10 be received in sliding contact with corresponding cle-

ments ¥67 and S8z in socket 82, Inscrt member 98 is also
provided with a groove or annolar recess 99 that is adapted
10 cogage ring 96 in Auid-tight scaling and locking relation-
ship when jack ¥4 enpapges socket 82. It will also be
naderstood that different or additional means can be pro-
vided to sceun: the mating sections 82 and 84 together, that
will alsy permit them to rotate when mated, Inscet member
9% is securcd in water-tight relation to ripht anple member
100, preferably {abricaled from a rtesilient dielecirical
malerial, through which are passed o pair of electncally
conductive wires (oot shown) from power cord 70 that
tcrminate, respectively, at conductors 866 and 86b. Right-
angle jack member 100 is also constructed with a plurality
of fexure mombers 102 sbout its periphery in order to
provide additional fexibility between the housing connec-
tion and the power cord 70 during operation of the cleaner.
It will be undersiond that the right-angle jack member 100
will frecly swivel in the npeping of socket member B2 in
response to & force applied by power cord 76 Thus, the
power cord 70 remains free of coils, does nol sufTer amy
effective shortening in i1s longth and thercfor: docs not exert
any tethering restraining forces on the cleaoer that would
adversely effect the ability of the cleaning apparatus to frecly
traverse its path,

With reference to I'IG. 2K there is shown a second
embodiment of an elscincul swivel connector for joining the
puwer cord 70 (o the mwilor elecirical wire 93 via elements
a% described above 1o connection with FLG. 27, 1o the
crbodiment dlustrated, a straipht-line swivel is comprised

uf socket menyber B2' and plug member 5, the former being 55

joined by a short length of power cord 91 extending through
restrainiop pasket 79 sccured in opening 7%’ in a sidewall of
cleaner housing 12. The iwo sections of the swivel connector
are securely joined logether in rotating rclationship as
described above with reference to FIG. 27, As the cleaniog
apparatus moves about the pool surfaces, the socket 80
moves 1 response Lo the lension transmilled through power
cord M and any twisting or osional forces are dissipated by
the rotalion of plug 85 in socket member 82, The power cord
therefore does nat form coils, or atherwise bave its effective
length reduced, and does not stop sdveniely effect the
movemenl of the cleancd.
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In another preferred embodiment of the swivel connector,
a permanenl in lipe or siraighl conpecton beiween two
scotions of power cable 70 js provided by a conneclor
permitting angutar displacement beiween-ils elements. As
illstrated in FIG, 29, conneclor 14 comprises a rigid
aon-corroding ferrule 10%, which can he in the form of a
length of polymenc or stainless steel fubiop, that cxtends
between waterproof tubular junciion members 106, 106" that
also receive opposing cable ends 70- One of the junction
members 106 contains clectrical conpector jack 107 and
plug 108 which arc axially rotatable with respect to each
other, A conductor pair 109 of cable 70 are permanenily
juined to the adjacent tcrminals of jack 107 and secured in
place within jenction member 106, ¢.m., by 8 plug of
flewable epoxy resin 110 or other potting material that
hardens after the clements have been assembled.

With further reference to FIG, 29, a pair of conduetors 111
exlending from the rear of plug 108 cxtend axially throngh
ferrule 105 and a bushing 112 is placed oo fermule 105 in
engage the rear shoulder of jack 108, In s preferred
embodiment, the fermle end is flarcd and the adjacent
surface of snoular bushing 112 is shaped to receive the
ferrule. The junction member containing the connector jack
and plug s completed by securing on mbular member 106,
cap 113 having a ceniral orifice intw which is secured axial
seal 114 which passes over lerrule 105 and permils rolation
of the ferrule in waler-tight relation. The assembly of the
adjoiming junction member 106' 15 compleled by joining
eonductor pair 111 1o the conductor pair 109 of cable 70 and
filling the end with Mowable epoxy resin 110 and installing,
cap 113, When the epoxy or olher polling vempound has set,
it will be understood that the two ends of cable 70 are
permanently joined and that ferrule 105 has been secured to
junction member 108 in watcr-tight relation and that plug
108 is free to rotate with respoct o jack 107 and the
assembly of junction member 106, Io this cmbodiment, the
swiveling or rmolatable connector assembly 104 is positioned
approximalely three melers from the cleaner to reduce the
likelihood that the user will lifl the cleaner from the pool
using & seclion of the power cable that includes the connce-
LT,

As schematically illustrated in IIG, 30, any twisting or
torsiona) [orees ransmitted by the movement of the cleancr
10 through the atlached length of power cord 70 will be
dissiputed by the rotation of member 106,

It will also be understond by one of ordinary skall in the
art that varons other mechanical constructtons can be pio-
vided that will pormit relative motution belwesn adjacent
seotions of the power cable, one end of which is attached to
the cleaner and the other (o the extemnal fixed power supply
to thereby eliminate the known problems of eable twisting,
coiling and tethering that adversely effect the desired scun-
ning paticmns or random motion of the paol cleaner.

Axle Orientation

By Way of background, the seres of FIGS. 31A and 32A
are represeniative of the prior arl. FIGS. 33-44 schemati-
cally illustrate in plan view the appuralus and methods
cmbodyinp the invention o conwrol the movemenl of a
swimming, pool sleaning robots 10 1o produce syslemalic
scanning patterns and scalloped or eurvilingar patlerns, and
to provide controlled random movement on the bottom
surface of pool. The confipurations will provide one or maore
of the above three mentioned movements, The cleaner cun
be propelled either mechanically or by a discharged jet or
siream of waler.

In the prior art arrangement shown in FLG, 3LA, an offset
exlension member 4 is secured 1o one chd of hovsing 12
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al & positinn that is displaced laterally from the longitudina)
axis “L" of lhe clesper and which causes (he tobol (o
posilion itself angularty in relation to vertical swimming
pool wall 401 (shown in phantom.) When the robot 10
Teverses its direction, it travels &t 2o angle “b™ away from the
side wall 401. When cleaner 10 contacts the opposite side
wall 303, the robot's body again pivots and comes o rest in
2 position where its longitudinal axis “L” is at a 90° anple
to side wall 403, 'The resulting scanning pattern is illustrated
in FIG. 31B.

In the prior art confipuration of FIG. 32A, a second offset
cxtension member 402 iz added to the housing opposite
extension member 0. The scanning patlern provided by
Iwo opposing extension members i8 generally shown in FIG.

32T. The 90° pivoting tums occur in bath a clogkwise and

counter-clockwise direction.

In accordance with the improved method and apparatus of
the invention, separale membens projecting [rom the [ront
and rear housing surfaces are elininuled, and in vne pre-
Terred embuodiment, al least one supporting wheel, or track,
or roller end, projects beyond the periphery of the cleaner in
the direction of movement o contaet & verlical side wall or
other pool surface.

In the prefemed embodiment of FIG. 33 ane of the wheels

Mz is mounted so that it projects forward of the housing 12 2

as 8 pivot point and therehy canses the same angular
alignment hetween the robot 10 and swimming pool wall
401, as \he apparatus of FIG, 31 and produces a scanning
similar to that of F1G, 3A, With funther reference to FI1G, 33
is a ball-shaped side extension 404 terminating in tip 406
formed of resilicnt, soft mbbery material which, when it
comes in contact with the cad of pool 405,407, causcs the
robot to make 2 90° pivoting, indicated turn by arow in F1G.
B As the paltern shows, every Lime this 90° lurn ocowrs
the cleapcr turns in & clockwise direction, It will be undec-
stoad that if the side projection member 406 beea placed at
the upper lefl side of the housing 12, the 90° lurns would
have been counter-clockwise.

In the embodiment of FIG. 34 two opposing wheels 30a,
308 ar the lefl side of robot 10 are mounted forward of the
periphery al their respective ends of the cleaner o provide
a transpational pivot axis. This configuralion cresles
scanning patlern similar to thal shewn in FIG. 32B. In this
emhodiments of FIGS. 31A 11 34, the wheels are individu-
ally rolatable and their axles sre statiomary. With this
embodiment, power cable twisting is oot & problem,

With reference to the embodiment of FiG. 35, a pair of
wheels M are monnted on easter axles pivoled for limited
pivoling movemenl deflining an arc in translational plan
passing through ibe center of the whecls, The axles and
wheels M0 swivel so that when the robot moves n the
dirsetion opposilte the caster movnts, all four whecls are
parallel with cach other along the longitudinal axis of the
robot. When the robot moves in the opposile direction. i.e.,
the caster wheels are leading, the castor whoel axlos swivel
ur pivol to s predetermined angle, which angle can be
adjustable, The robot scans a rectangular pool in a mannecr
shown in FIG. 35A, where the path is curvilinear in ong
direction and straight in the other, 'The angular are can be up
to about 15° from the normal and is preferably adjustable to
aceount for the pool dimensions.

In an cmbodiment related to that of FIG. 35 (bur oot
shown), all four wheels are caster mounted, the opposing
pairs being set for anpular displacement when the cleaner
maves in opposile directions. Thal %, depending on the
direetion of the robot’s movement, when vne pair of wheels
are at an angle to the robot's longiluding axis, the opposite
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st of wheels are parallel i the axis “T.", and vios versa. The
scanming patlern would be as illustraled in FIG. 351,

In tbe embodiment of FIG 36, the lransverse axles 32 are
movnied in an angular relation {o esch olher so thal the
wheels on one side of the cleaner are closer ogether Lhan
those on the opposite side, The scanping pattern is as
i) lustrated in FTG. 35R.

As shown in FlG, 37, one end of one of the axles is
movnted in a slot 50 when the obot moves one direction it
follows a curved path, and when it moves in the opposite
direction (i.c.; where the slot is in the rear of the cleancr) the
robot follows a straight line, (lhe pattern is shown in F1G,
A5A).

In the embodiment of F1G. 38, the whecl axies are parallel
tor each other and normal 1o the longiindinal axis “L” of the
robol, and the wheels 305 on one side of the cleance are
smuller in dismeter than the wheels on the opposite side. The
seanming pallern 1% a5 illustrated by FIG. 35D8.

As shown in FIG. 39, all four wheels of the cobot 10 are
casler mounied, and all four wheels move together to be
either parallel 1o the robot’s axis, or at an anple to the axis
“1.", depending on the dirsetion in which the robot moves.
The scanning pattern is as shown in FIG. 310, The anpular
displacement can be up w 45°, since all fouwr wheels are
moving in parallel alignment.

In FIG. 40, the lonr wheels are mounted to swivel in
unison, and move as in FIG, 39, Both of their exireme
positions are angular {o the robot’s body, bul symmetnesl w
cach other, 'Fhis amangement providcs 3 scanning paticro as
shown in FIG, 32B. Again, the angular displacement of the
caster whoels can be up to 45° in both directions from the
normal, It will be usderstood that the lonpitudinal axis of
cleaner 10 will be perpendicular to the wall it contacts.

Az also illustrated in TTG. ), both longitudinal side of the
cleaner 100 are provided with at lcast on projecting member
4. Az will be described 1o more detail below, the pivotiog
function of side exiending pivot contacts as represented by
the specilic embodiments of elements 44, can also be
sffectuated by elements projectng [rom the exiernal bubs of
two or more of wheels 30, or the side wall surfaces of cover
12 or other side penipheral structure of the cleaner 10, The
lrunsverse projection of such elements is determined with
reference 1o their longiluding position and the shape or
footprint of the peripheral projection of the clesnsr on Lhe
pool surface. For example, a side-projecting fnctional pivol
member Iocated at the leading edpe of a generally rectilinear
cleaner will require less projection than a single member of
F1G, 33 that is located midway between the ends of the
cleancr.

In FIG, 41, both axles arc movnted in slois 320 on one
side of the unit so that the wheels adjacent the slots can slide
up and down to be cither parallel to the robot’s longitudinal
axis, or at an aogle theroto, depending on the dircction of
movement of the cleancr, Lhis arrangement. produces the
scaoning pattern of F1G, 318,

In the embadiment of FIG. 42, the axles swivel in larger
slots 320 10 achicve angular positioning of wheels to the
rolot’s body in both extreme positions, bul in symmetrical
fashion, with a resulting scanninp pattcm as shown in FIG,
32B.

From the above deseription, it will be undemstood that
when operating i a rectangular pool or tank, the embodi-
ments shown in FIGS. 3942 allow the robot to move
parallel 1o the swirmming pool’s end walls, even when it
travels other than perpendicular o the sidewalls. In other
words, the correcl scunning pallerm does oot require an
angular change in the slignment of the robot's body cansed
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by a forcetul contact with a swimming pool wall as with the
prior art, This is particularly important where a water jot
propulsion means s employed, because as the filter bag
avcumulates debris in the jel propulsion sysiem, the fores of
the watct jot weakens and the force of impact lesscns, so that
the robat’s body may oot may oot be able to complete the
pivoting action required to put it info the comect position
befurs it reverses direction. This i especially trae in Gunilc
or other rough-surfaced pools in which a robot with ¢ven a
clean filier bag may nol be able 1o pivol ot proper position
hecause the resislance or (metional [orees between the
wheels and the batlom surfacs of pool may be loo greal 1o
allow the necessary sideways sliding of the wheels before
reversal of the propelling means qecurs.

As shown in FIG. 43, one of the axles is mounted in slots
320 that permit it 10 move longitudinally at both ends. This
Iongitudinal sliding mation is testricted by one or more
rocpositionable guide pins 330. These pins allow the user to
adjusl the angular positioning of the axle 10 wocommedale
the width or other characieristics of the pool. By reversing
the position of the pins on both lefi and right sides, the robot
will follow a pattern which is similar to that shown in FIG.
35A. This methad of nperation will also unwind s wisled
cable,

With further reference to I'1G. 43, there are shown :

munied on the eods ol axles 32 or hubs of whecls 30 side
projecting pivol member 2000 These members serve the
same tunction and can be consiructed of materials s
described with relerence to side projecting members 404 as
deseribed in connection with F1G, 33, above, Pivot member
200 can be mounted oo ooc or both sides of the cleancr 10
o engapge he sidewall of the pool and cause the cleaner to
pivot it that wall.

In FIGi. 44, both axles are mounted in slols permitting
longiludinal movement at both ends. This will allow the
robal with proper positioning of the guide pins o advancs in
a relatively small cireular pattern in one direction and in a
slightly larger one in the other,

It is to be noted that the odd-numbered embodiments of
FIGS, 31 to 44 illustrate devices which turn only one way
when they make $0° pivoting tarmns, and that the embodi-
ments of cven-numbered FIGS. 31 to 44 turm hoth ways.
Simply put, when the robot scens in an asymmetres)
patteen, it tens cithor clockwise or covater-clockwise; when
the robot scans in 8 symmetrical pattemn, # fums in both
directions. The two main catepories in relation to their
movements, Within these principal cateporics, there arc
variations where steaight-line movements are replaced by
curved paths, e.p., in 16, 358, or the two arc contbined, ¢.g.
in T1G. 35A

Tt is relatively essy o clean a rectangular pool inoany
syslematic scanning roanner as shown above, but it 1s o
dificull wy clesn an irregularty-shaped pool. Applyiog the
method and apparatus of the invention and using the guide
pins sel s described above, the robot can scallop a free form
pool in & systematic manoer as shown in FIG, 46,

IIG. 45 shows the six different arrangements in which
each wheel 32 can be positioned. By pressing the appropn-
ite pims 330 down or pulling them up, the wheel axle 30 can
be placed in three stalionary positions: outside, cenler and
inside. I can also be placed in three sliding positions outside
10 Tnside; oulside 1o cenier; and center o ipside. Since there
are four wheels, the 1ote] combination of positions of these
wheals is 1296 (6 to the 4ih power) which provides a total
af 361 differcot scanning patterns.

To a psrticularly preferred embodiment employing a trans-
verse axle 32 one-half inch in diameter, the axle supponing
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members 353 are provided with slois 320 exiending 1.5
inches longitedinally 1o receive the axle in slidable relation,
Each slot is provided with a cenotral Jock pin 330 which can
optionally be withdrawn from the slot. This confliguration
provides a sufficiently large number of combinations and
angular displacements of wheels and axles o cover essen-
tially all of the stzes and shapes of pools in common use
today. The fexibility of this embodiment gives the user the
ability to select an optimum cleaning patlern lor all types,
zizes and shapes of pools,

The embodiment illustrated in F1G, 47 provides an appa-
ratus and method that automatically switches the positions
of two wheels when Lhe scaoning rolot reaches the cod of
the poul. Unlike the embodiments desceibed above that
provided Lhe mhat with means by which 1o turn 90° clock-
wise or counter-clockwise, this cmbodiment allows the
robol 1o muinlain ils onentalion in a rectanpalar pool that is
parallel with the swimming pool’s walls, Using this
embodiment, the power cord cannot become twisted or
formed inlo tight coils. Moreover, a coarse sirface having a
high coelficient of friction does not adversely cffect desired
seanming patlerns. The robol has 1wo side plates 370 which
are provided with horizontal slots 320 to hold the cnds of
transverse axle 32, Pivalally mounted at pivot pin 353 on the
inner side of the side plaics and overlapping the horizontal
slots are two identical guide plales 374, 374" vach of winch
is provided with an L- shaped slol 355 1o freely sccommo-
date movement of axle 32, Two levers 356, each of which s
pivotally mounted at ong of its ends coneentrically with the
pivot point of cach of the guide plates. The other end of cach
lever 356 cxtends into a 43% slot 358 provided in slidably
mounted trangverse cross-bar 360, which cross-bar extends
bevond the periphery of a side wall of housing 12 a distance
that is sufficient to contact on adfacont pool wall, Each of
said puide platcs 354 is linked with its corresponding lever
356 through a spring 362, said spring Deing secured to pins
364 proimding from said guide plaies and levers,

With respect o FIG. 48A, which 1s a view taken along ling
48A—48A of FIG. 47, it can be seen lhal spring 362 15
pulling guide plaie 354 counter-clockwise holding the
longer vertical leg of the upside down T-shaped slot in
position for the wheel axle o slide freely.

With reference 10 FIG. 48B, which 1s a view taken along
ling 48B—48E of FIG. 47, it can be seen thal spring 362
pulls comresponding opposite guide plate 354 clockwise,
locking that end of whee] axle 32 into a forward stalionary
position rclative to the appnsile end of the axle.

During opcration, as the cleancr approaches a ponl side
wall that is generally parallel to the longitudinal axis of the
cleaner, the projocting ond 360R of the slidably mounied
vross-har eomes in contact with the swimming pool wall,
and the bar slides to the left, as indicated F1G. 49, This
horizontal muvement of bar 360 is translated into a vertical
of lifting foree on levers 356 via the 45° slats 358 in bar 360.
'This esults in the Hipping of levers 356 to their opposite
side. This movement causes springs 362 1o pull their respec-
tive puide plates 354, 354' to the opposite posilion, locking
the right end of the axle 32, while frecing vp the left cnd.
While this action on the left end of axle 32 is instantancous,
the right end is not locked in position wotil the robot reverses
direction, at which time the right end of axle 32 slides into
a lrap provided by the short leg of L-shaped slot 355 in guidc
plate 354, Using this appacatus, the cleance 10 continues to
travel back and forth between the same end walls of the pool
but over a different reverse path that is delermined by the
angular displacement of the wheels and/or axles, thereby
assuring cleaning of the enlire surface.
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FIG. 50 illustrates another cmbodiment of the invention in
which poo] cleaner 10 is provided with a plurality of rolling
cylindrical members in place of wheels, The long cylinder
S00 is driven at one end by o flexible chain beh 516 a1
presses around sprocket 512 attached 1o an electric motor of
water turbine drive shaft (not shown) A pair of shorier
rolicrs 502, 504 are mounled on ransverse axlc 506, As
schematically dlustrated, the fght end of axle 506 s free o
move longitudinally in slol 508 provided in axle support
member 520, The vse of a drive chuin amd spoket allows tor
changing alignment of supporting axle 506, and eliminates
problems of 1zpsioning and resistance 1o Movement assogi-
aled with timing belts used by the prior arl. A cleaner
constructed in aceordance with this cmbodiment will exhibit
a scanning pattern similar 1o that of F1G. 320,

II1G. 51 schematically illustrates a robot 10, which uses a
pair of drive belts or chains 510a, 5106 to power two
cylindrical members 500, 501, The nght end of axle 506 is
free 1o move in slot 510 provided i axle support member
520 and the opposite end of axle is provided with a universal
joinl 8§22 which in tuen is attached to a driven pulley or
sprockel 512, The scanning paticrn of this unit is also similar
In the one shown in TIG. 32B.

With further refercnce to FIGS. 51 and §1, lhers are
shown side projecting pivot members 202 secured 1o the
exterior of side supporting member 520, Similarly, pivot
members 202 can 1 secured 1o the opposile side, e.g., on
hensing 12, or uther ouwboard suppoting member to provide
a poeinl of Iriclional engape with a sidewall of the pool Lo
eflect a pivoling turn of the cleaner into the wall where it is
properly oriented fur eventual movement away from the
wall, £.g., upon reversing ol the cleaner’s water et ar other
drive mcans,

It will be understood that in the apparatus of FIGS. 31--44,
the wheels mounted oo transverse axles can be replaced with

cylindrical roller members of the types illustraied in FIGS, 3

50 and 51.

In determining the optimum angular displacement of the
axles and caster mounted wheels, it will be understood that
the length of the longitmdioal slots provide a practical
limitation on the angle of the axle, while the caster axles can
provide 1 greater angular displacement for the wheels, The
angular digplacement of the coaster wheel axles can be up
from 207 to 45 Trom the normal and are preforably up to 107,
the mest preferred being up to about 5° from the zoro, or
nermal line.

Aato-Reversal Sequence

Ome embodiment of the apparatus and method of the
invention addresses problems associated with the immobi-
livation of the cleaner. The electtonic control means of the

pool cleaner is programmed and provided with clectrical 3

Circuits to reeeive A signal from st least one mercwry switch
of the 1ype which opens and cluses a cirenil in responsc (@
the ¢leaner’s movemen! from a generally horizontsl position
to a generally vertical position on the sidewall of the poal or
tank, 1he use of mercury switches and a delay circuit ta
reverse lhe direciion of the motor is well-known in the art.
A= will be understond by one of ordinary skill in the art, a
pool cleancr can begome immabilized by a projecting ladder
or other structural feature in the pool so that its continuing
propiess of scanning 10 clean the remaimng pool surfaces is
intermapted. In accordsnce with the improvement of the
invention, the clectronic controller aircwit for the motor ts
preprogrammad in reverse the direction of the motor avto-
matically if no signal has been generated by the vpening (or
closing) of the mercury switch after a preseribed period of
tme. A suitable period of time for the aulo-reversal of the
pump or drive motor is about three minutes.
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This sequence of program sieps is schematically illus-
trated in the flow chart of FIG, 52, where the time clock
beging 10 count-down a prescribed time period after the
cleaner is activated. Lo 8 preferred embodiment, the timer
can be mamually sel lo reflect the user's padicular pool
requircments. Alternatively, the lime clock can be factory-
set [or a period of from about 1.5 1o 3 minutes. If the
mercury switch changes position, the Lime clock stops ils
eounidown and/or a delay circuit is activated Lo allow lime
for the cleaner o climb the sidewall of the pood, e g, aboul
510 seconds, At the end of the delay period, the drive motar
is swpped and/or reversed 1o move the cleaner down the
wall. In the event the limer reaches the prescribed time
period without recelving a signal from the mercury switch,
a signal is lransmilted tn stop and/or reverse to drive molor.
If the cleaner has been immobilized by an obstacle, this
limed awlo-reversing of the drive motor will move the
cleancr away fram the obstacle to resume ifs scanming or
randem molion cloaning pattern.

Power Shut-ofl

The method and apparatus of the invention also compro-
hends the use of 8 power shul-ofl cirewit that is responsive
10 a sipnal or foree that eorresponds 10 a mapnetic ficld, In
one preferted embodiment, » magnet or magnetic material is
tormed as, incorporated in, or ailached to a movable element
that forms part of the <leaner, &.g., 8 non-driven supporting,
whiee]l or an avxiliary wheel thst i in contact with the pool
surlace o which the cleaner is moving. One sullable device
is a reed switch that is mainlained in a closed position (c.g.,
passing power 1o the pump molor) s long as the adjacent
magnet s moviop past at a specified rotational speed, or
pm. IT the rotation of the magoet slops, as when the
cloaner’s advance is stupped by encountering a sidewall of
the pool, the reed switch opens and the power 1o the drive
motor is interrupted. In a preferred embodiment, the circuit
includes a reversing [unction so that the cleaper resumes
movement in the opposile direction and the reed switch is
closed to complete the power circuil until the unit again
stops, c.g., at the opposile wall.

Tn a further specific and preferred embodiment of the
invention, the cleaner is provided with an wpeller that is
rolatable in regponse 1o movement through the water. Onc or
more of the impeller blades and/for mounting shaft is pro-
vided with or formed from a magnetlic material. A schsor is
mounted proximate the path of the moving magnet and a0
assewrialed circiit is responsive ta the signal generated by the
sensor dus w the movement, or absence of movement, of the
mugnel. In one preforred embodiment, the magnelic sensor
circuil i incorporated ia the cleaper [C deviee that elec-
tronically controls the pump maoter, so thal when the clean-
er's movement is halted by a vertical side wall, the move-
ment of the impeller end associated magnetic material also
ceases and the sensor sends 2 signal through the circuit w
intermupt power o the punp motor After a predetermined
delay perivd, the pump motar can be reactivaled, in either
the same or the reverse direction, to cause the unil Lo move
away [rom the wall, The same circuit can be employed to
control a8 drive molor that propels the drive train for wheel,
track or roller mounted cleaners.

lo enother embodiment, the cleaner is provided with an
infrared (“TR"™) lighl device that includes an IR source and
sensor and relaled control sircult that is regponsive Lo a static
position of the cleaner adjacent a side wall of the pool or
tank, When Lhe relurned IR Light indicates & static position
the ¢ircuit transmits a signal thal results in the reverse
mevement of the cleaner.

In a funher preferred embodiment, the clectrie of clec-

tronic conttoller eircuit of the cleaner includes an “air
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sensor™ switch that sends a signal or otherwise directly or
indirecily interrupts the fow of water stream W when the
sensor cmerges from the waler. In one prefeered embodiment
the sensor is a pair of fioal swilches, one located at cither cnd
of (he cleaner. When the cleancr climbs the verlical sidewall
of the pool, and the end with the air sensor conerges from the
waler line, water drains from the float chamber and the
swilch is activaled o either direetly interrupt the Now of
electrical power ta the pump molor, or ko send a sipral 10 the
1€ comtroller wr effect the immediate or defay interruption of
puwer 1o the pump motor. The same sequence of cvents
necurs during eperation of an in-ground pool of the “beach™
type desipn, where one end has a sloping bettom or side that
slarls al provnd kevel, Onee the forward end of the moving
cleaner emerges from the water, the flow of waler is inler-
rupted for a briel me and then resumed in the apposite
direction to propel the wnit down the slope o continve its
scanmny, patlern.

As will e vnderstood from the preceding description, and
(rom that which follows, this aspect of the iavention com-
prehends various aliernative means for intermupting the (low
of the water jet. For example, if (he pressurized water stream
is deliversd viz hose 152 from a source external o the
cleanct, ¢.g. the pool's buili-in filter pump, an electro-
mechanical bypass valve (not shown) located adjscent the
hosc fitting al the sidewall of 1he pool can be activated for
a predetermined poriod of lime Lo divert the flow of watcr
froom the hose directly into the pool, When the Tow of waler
W is intermupted, the Nap valve 46 of valve assembly 40
changes position and the cleaper reverses direction whea the
flow W is resumed.

As will be understood by one of ordinary skill in the ari,
the mecans of generaling sipnals direeted to the control
circuit can also be combined. For example, an air sensor of
the Moal lype can be combined with, or fabricated [rom a
magnetic material and installed proximate a magnelic scosor
sa thal a change in position of the float when il is oo lonpey
immersed in water produces 2 signal in the magnetic sensor
vircuil.

The fow of water W can alse be jnterrupled by 2
water-driven furbine timer having a plorality of pre-set or
adjustable timing sequences. For cxample, 8 water-powered
cam or siep-type limer in combination with a by-pass or
diverter valve localed downsircam is installed on the hose
152 from the external soures of pressecized water As waler
flows theough the hose, the timer mechanism is sdvaneed to
a position at which the ussociated by-pass valve is actuated
and the flow Is diverted into the pool for a predetermined
period of time. The turbine timer 1hen advances to the next
powition al which the by-pass valve maves o Lthe main flow
pirsition o redireet water 1o (he cleaner, which now moves
in the vpposite dicection, In this embndiment, the by-pass/
diverter valve can comprise an adjustable pinch vatve that
commpresses the hose to interrupl ow o cleaner 10,

In anuthier preforred cmbodiment, the rpms of the pump
and/or drive motor are monilored and if the rpm doecrcases
below a vertain minimum, as when the impeller is jammed
by a picce of debris that escaped Lhe filier, the power to the
pump moter is ioterupted, I the rpms exceed a maxinum,
as when the unit is no lonper submerged and the motor s
running under & no-load condition, the power is inlerrupted
to both pump and drive motors. This will copslitute an
imporiant salely feature, where the cleaner is wrned on
while it is nol in the pool, either by madvenengs, or by small
children playing with the unit,

We ¢laim:

1. A self-propelled apparatus for cleaning the submerged
sidewall and bottom surfuces of a pool in a predetermined
scanning, pattern, the apparsius comprising;
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(8) a housing formed by a top wall and depending side
walls;

(b) reversible drive meuns for propelling the apparatus in
vppusite directions, which directions correspond gen-
erally to the longimdinal axis of the appsratus; and

(<) a pair of wheels assembled 1o cach of the opposite
longitudinal cads of the apparaius, where the improve-
ment comprises mounling each pair of wheels 1o Irans-
verse uxles, the axes of the respective axles defining an
angle that & acuts to the longitudinal axis of the
apparatus when the appacatus s naving in at least one
direction.

2. 'The apparalus of claim I, wherein one pair of wheels
is mounted on a first transverse axle, and the firsl Lransverse
axle forms un angle of between aboul 757 und 89° with the
longituding) axis of the apparatos,

3, The apparatus of claim 1 where the ungle of one of the
transverse axles is fixed.

4, The apparatus of clair 1, wherein at least one end of
the trapsverse axles is [ree to move longitudinally within a
predetermined range.

5. The apparatns of claim 4, whercin the angular range of
movement of at least one of the axles is adjustable.

6. The apparatus of claim 4, wherein the range of move-
ment is defined by the ends of a slot throupgh which the axle
pusses.

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

B. The apparatus of claim 7, which further comprises
manually adjustable lock pins for eontrolling the range of
movement of at least one end of the axle

9. The wpparatus of claim 7 which lurther compriscs
manually adjustable lock pins for controlling the range of
movement of both ends of the axle,

10. A sclf-propelled robolic apparatus for clesming the
submerged sidewall and bottom surfaces of & pool o 4
predetermined seanning patlern, the apparatus composing:

{#) a housing formed by 4 lop wall and depending side
walls;

() reversible drive means for propeliing the spparatus in
opposite directions, which dircctions correspond gen-
crally to the longiludinal axis of the apparslus; und

(c) a pair of wheels wssembled to cach of the opposite
longitudinal cods of the apparams, where the improve-
ment comprises mounling al least one of said pair of
wheels al a fixed predetermined angle that is acute to
the lungitudinal axis of the apparalus when the appa-
ralus is woving in at feast one direction, wherchy the
adjacent trajeciories defined by the apparatus moviag
across the Bottom surface between opposing, sidewalls
cover substantially the sotire bottom surface between
said trajoctories.

11. The apparatus of claim 10, wherein the angled pair of

wheels are movnted on a transverse axle.

12. The apparatus of claim 10 where the anple of the axle
vpon which the wheels are mounted is manually adjustable
Lor accommodate the dimensional characteristics of the pool
1o be cleaned.

13. A self-propelled robotic apparatus lor cleaning the
submerged sidewall and bottom surfaces of a pool in a
precetermined scanning pattern, the apparstus comprising:

{8) a housing lomed by 2 top wall and dependiog
sidewalls;

{b) reversible drive means for propelling the apparatus in
opposite directions, which directions correspond gen-
erully 1o the loppitudinal axis of the apparatus; and
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() a pair of wheels assembled 10 each of the opposite
longituding] ends ol the apparatus, where the improve-
ment comprises mounling al Toast one of said pair of
wheels on an axle thal is moveable [rom the {irst
position to a second position defining an angle that is
acute to the longitudinal axis of the apparatus when the
apparatus is moving in at least one direclion, wherclby
the adjacent trajectories defined by the apparatus muv-
ing across the bottom surface berwoen opposing side-
walls cover substantially the entire bottom surface
between said (rajectories.

14. The apparatus of cleim 13, wherein both pairs of
wheels are mounted on transverse axles that arc moveable to
positions Lhat respectively define an angle that is acuie to the
longimdinal axis of the apparatus when the apparatus is
moving in ul least ong dircetion.

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

16. The spparatus of claim 13, wherein the angle defined
by the axle in the second pasition is manually adjustable.

17. The apparatus of claim 13, whersin the first position
of the axlc is normal to the onpitdinal axis of the apparatus,

18, A self-propelled apparatus far cleaning the submerged
sidewall and holtom surfaces of a pool in a predetermined
scanning pattern, the apparatus comprising;

{2) & housing [ormed by a top wall and depending sice

walls,

(b) reversible drive means for propelling the apparalus in
apposile directions, which directions corrcspond gen-
erully lv the longitudinal axis of the apparatus; and

(c) a pair of wheels assembled to each of Lhe opposite
lougitndingl ends of the apparatus, where the improve-
ment comprises mounting to at least one end of the
apparatus a pair of caster whesls, cach of the casier
wheels comprising an independently maunted axde
mounted proximate the oulbuard side of the housing,
each of the axles baving a range of anpular movemnent
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int 2 plane paralie! to the sucface being cleancd, the uxes
of the respective caster wheel axles defining an angle
that is acute to the longitudinal axis of the apparatus
when the apparatus is moving in at least one direction.

19, 'I'he apparatus of claim 18, whercin cach of the axles
of at least one pair of the wheeks move through ao are that
is jntersecied by a line that is normal to the longimdinal axis
of the apparatus.

20, The apparatus of claim 18, whercin each of the
independently mounted casler wheels on one end of the
apparatus move (hrough an angle of hetween about 757 und
£9° with the longitudinal axis of the apparatus.

21. A sell-prupelled robotic apparatus for cleaning the
submerged sidewall and bottom surfaces of 2 pool in u
predelermined scanning pattern, the sppacatus comprising:

(#} a hovsing formed by a top wall and depending
sidowalls;

(b) revemsible drive means for propelling the apparatus in
opposite directions, which direclicns correspand gen-
crally to the longitudinal uxis of the apparalus; and

() & pair of wheels assembled 10 each of the opposile
‘longitudinal ends of the apparatis, where the improve-
ment comprises independent)y mounting cach of a pair
of caster wheels an one end of the apparatus, cach of
the vaster wheels comprising an axje mounted proxi-
male (he outboard side of the housing, cach of said
axles being moveahle from a first position 1o a second
position through an arc (hat defines an angle acutc to
the longitudinal axis of the apparatus when the appa-
ralus is moving in sl least onc direction,
whereby the adjacent trajeclories defined by the appa-

ralus moving across the bottom surface between
opposing sidewalls cover substantially the entire
holtom surface between said rajectories.
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157] ABSTRACT

An apparatus and method for cleaniog the bottom and
vertical side walls of a swimming puol, pond or tank
crploys a robatic, self-propelicd cleaper having a protective
housing of conventional destan, the cleaner being operatcd
al a primary cleaning speed as it traverses Lhe surfaces 1o be
cleaned and until the cleancr housing emerges from the
water along a sidewall of the pool; thereafler the cleancr
aperates at 4 secondary drive speed Lhat is relatively slower
than the primary speed and the cleaner thereafler reverses
dircetion and descends for 2 pre-determined period of time
at the slower secondary specd in order o permit the air
catrained under the housing to ¢2cape withoul destabilizinp
the cleaner during desceat, After the predstermined period of
time, the cleaner resumes operation a1 the more rapid
primary speed umil the cleaner housing once apain emerges
from the water's sur(ace, alter which the cycle is repeated.

24 Claims, No Drawings
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APPARATUS AND MLTHOT OF OPERATION
FOR HIGH-SPEED SWIMMING FOOL
CLEANER

FIEI.TY OF THE INVENTION

‘The iovention relates to avtomated, power-driven pool
cleaners, employed in the unsuended eleaning of the botiom
and side walls of swimming pools and tanks.,

BACKGROUND OF TIIE INVENTION

Automated swimming pool ¢leaners have been developed
for the cleaning of the botiom and side walls of pools by
programming the elecineally-powered clesner 1o ravens
the bottom of the peol in one dircction, and climb the side
wall of the pool that il encounters until the leading end of the
cleaner emerges at the waterline of the pool. Thereafter, the
drive mechanism is reversed which causes the pool cleancr
1o reverse direction and to descend (he verbical side wall
until it encounters the bottom of the pool, at which point it
undergoes a transition to return o 4 generally horizontal
position (o again begin its traverse of the batlom of the pool,
By means of varions structural aond/or electro-mechanical
devices operaled in response to a preprogrammed micro-
processor controller, the pool cleaner ¢an be made 10
traverse an ¢ver-chanping, but gencrally predictable pattern
acrniss the bottom angd up and down the side walls of the poal
in arder 10 clean the catire bottom surface, The pool cleaner
also travemes horizomally along the side wall of the pool 1o
clean the so-called scum line that oflen forms at the waler-
line,

Pool cleaners of the prior art are desipped to operate at a
substantislty contipuous speed, whether they be driven by
clectric motors or water turbines, Minor variations in speed
may oceur al the (raosition zope where the pool clesner
moves from a penerally borizontal position at the bottom of
the pool W sssume a vertical posilion on the side wall, and
viee-verss. Other minor vanations may be ohserved when
the directions of travel of the pool cleaner is meversed, Tor
example, when the pool cleaner begins ils descent Mrom the
watcrling along the side wall of the pool. Further minor
varialions between the speed al which the cleaner travenies
the bottom of the pool and that a1 which it ascends and/or
descends along the side wall duc io gravitational cffects
which acl upon the cleaner despile 1ts neotrelly buoyant
design, However, thess varmations in speed are relatively
minor and do ool oceer as a resull of the preprogrammed
operation of the cleaner and da not improve the Minctioning
of the cleaner.

Swimming pool cleaners of the prior art operale al speeds
in the range from about five feet per minuie to ten feet por
minute. Depending upon the size of the pool 1o be cleaned,
the unit may have o be placed in operation for a5 Jong s six
1o erpht hours to clean a larpe municipal or commercial
swimming pool. The cleaning of larger pouls must be done
when the pool is not in use, generally overnight, over a
weckend, or at other times when it Is not convenicat or
sannomical o have mainienance personne| on duty o silend
the cleaping of the pool, Although the power supply to the
pool cleansr can be put on a limer, vanous circumslances
can arise thal will interfere with, or eniirely inlermupt the
operation of the cleaner so thal oaly a portion of the pool has
been cleaned dunng the allocaled cycle. Fur exemple, the
floating power cord can become entangled, thereby disrupt-
ing the proprammed cleaning pattern; the cleaner can
become trapped in a coroer, or against a ladder or other
obstruction at the side of the pool,

In order 1o permit the pool cleaner o traverse the bollom
of the pool and to ascend and descend the side walls of the
pool during its cleaning operations, the pool cleaner is of
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substuntially nentral bouyancy with respeet o the water in
the paol. Thus, varalions in water density between fresh
watet and salt water pools must also be taken into account
in the construction of pool cleancrs for these differcnt
eovirooments, For cxample, sdditionu] weighls can be
attached to the cover and/or base plate of a poo] cleaner that
is neutrally buoyant with respect o fresh water in order to
adapt it for use in a sall water pool. As will be undemsiond
by one familier with the arl, when the pool cleaner ascends
to the waterling to clean the wall surface at the scum line, o
portion of the pool cleaner projects abave the surface of the
paol, Alr enters the space between the cover and the base
plate, and when the pool cleaner bepins its descent along the
wall, the air must be displaced by the water in order to
maintain the designed nevtral buoyaney of the cleaner. Tt has
also been obscrved that when the pool cleaner is initially
placed in the pool, the twner or mainienance persounsl
typically lowers the unit in & vertical posilion on the side
wall and aclivales the power supply.

It bas been found thal when pool cleanses of the prior art
are operated al bigher speeds, the rapid descent from the
walerline resulls in air becoming enteained 10 the space
botweon the cover ang base plate causing the cleaner io float
away from its operating position and vertical slignmem on
the wall. If the atr 15 nol displaced, the cleaner will float at
the surface of the poocl; if the air is eventually displaced and
the clezner sinks 1o the botlom of the pool it can remain in
an inoperable position with respect (o the botiom of the poul,
or if it does land upright on the bofom surface, its pro-
grammed pattern of operation will have beco disrupted aod
arcas of the pool will be left uncleaned.

It i therefore an object of the prescat inveation to provide
#n apperatus and a methad for increasiong the speed at which
the pool is cleaned, thereby reducing the overall operating
time of the pool cleaner.

It is apother object of the iowention to provide a poal
Cleaner that operates at a speed that is sipnificantly greater
than that of commercially available pool cleaners al the
prior art.

Ti 1% yet another objecl of the invention to provide a
power-driven aviomated pool cleaner that will rapidly
traverse the bottom and ascend the side walls of a pool and
that will descend from the walgrline while muintaining
continuous operative cleaning contact with the side wall of
the pool.

Tt is also an ohject of the invenlion Lo provide an apparatis
and method for rapidly cleaniog the side walls of pocls a the
seum line.

It is another important object of the nvention to provide
a mool cleaning apparatus thal operates al speeds signifi-
cantly greater than those of the prior art while maintalning
ils neutral buoyancy af ol stages of its cleaning operations,

SUMMARY OF THE INVENTION

The sbove objects, ss well &s Turther advanluges, are
attained by providing an improved automated power driven
puol cleaning apparatus for cleaning the bottom and side-
walls of a ponl comprising:

{u} deive means for moving the cleaner in forward and

reverse directions; aod

(b} comtrol means associated with the drive means for

aperating the cleaner at a primary drive speed and at a
secondary drive speed that js relatively slower than the
primary drive spced when the cleaner begins o descend
from the waterline at the side wall of the pool, where
the drive means operates at the sccondary specd for a
predetermined operational period of time that is rclas
tively short a8 compared to the time of operation at the
primary speed.
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In the practicc of onc preferrcd embodiment of the
invention, a pool cleaner having & cover and drive means for
moving the cleaner in lorward and reverse direcbons s
provided with control means and with sipnal peocrating
means which cooperate o cause the drive means (o operate
at a slower speed when the cleaner descends [rom the
watcrling at the side wall of the pool, thereby allowing any
air eotraincd vnder the corer -0 be displaced by water as the
cleaner descends in operational clesning contact with the
wall of the pool.

In a first preforred embodiment, the pool cleaner is
provided with a preprogrammed microprocessor controller
that causes the cleansr to operate wpon activation at a
relativel v slower secondary drive speed for an inihial pre-
determined period of time. The initial predetermined nme is
sufficicot to permit the eleaner 1o releasc cntrapped air whon
the umil i placed on the side wall at star-up. Therealler, the
corlroller causes the speed W increase 1o (he more rapid
primary drive speed. After the clcaner has traversed the
bottom and ascended & side wall, it is again slowed to
descend the side wall at the secondary drive speed.

The change in speed o 4 significantly slower speed for
deseending gom the waterline can be in responsc to a signal
generated upon Lhe ocourrence of a prior event. One such
prior event cun be the transiion of the poal clesner from a
pencrally horizontal position on the bottom of the pool to a
pencrally vertical position as it climbs the side wall of the

puol. A signal can be generated by a switch that is activated

in respunse to the change of vreotation, [or example, a
mercury switch or a peodulum switch, Aliernatively, a sipnal
can be geoerated when the leading edge of the pool cleaner
emerges from the surface of the water above the waterling,
¢.g,, by the movement of & float switch,

The control signal s transmitted to a timer which in turn
transmits a signal to the microprocessor that controls the
speed and direction of the drive means. Tn a preferred
embodiment, the pool cicaner moves horizontally along the
side wall at the walecline in order to remove any scum and
dirl that has accumulated there. The cleaner can traverse
horizontalty at the more rapid primary drive speed, or at the
much slower secondary drive speed. However, al the pre-
programmed time for descent from the waterline, the cleaner
descends at the ssoondary drive speed or slower descending
drive speed. Tt will be wnderstood that the relatively slower
sepondary drive specd is dotormined empirically, or
ulherwise, L insure thal uny air entrained by operation of the
cleaner a1 the waletline can be readily displaced as the
cleaner descends along the wall 1o mainlain substantially
neutral buoyancy and operativnal cleaning contact by the
cleancr on the wall,

In an especially preferred embodiment, the microproces-
sar controller is programmed to cavse the drive means to
operate ot the slower secondary speed when the cleaner is

initially activated. This is an important fcature, since the s

person transferming the clcaner from its transporting cart at
the edge of the pool is hkely lo grusp the cleaner by its
handle and lower it into the pool o contact with the side
wall, If the power switch [s activated while the cleaner is at
the surface of the pool, it will descend at the slower
secondary speed which pemmits the entrained air to cscape
fraom vnder the housing or cover.

In this embodiment, the microprocessor conirotler is
progmmmed {0 cavse the drive means to operate at the
secondary speed for a predetermined starl-up period of time
before operating al Lthe [asier primary dove speed. The
predetermined start-up time period can be longer than, or
aboul the same as (he predetermined aperational penod of
time. Depending vpon the size and structural confipuration
of the cleaner honsing, thess time periods cun be from about
[ive seconds to about fifteen seronds.

In order to simplify the desipn and constrnction of the
pool cleansr and the programming of the microprocessor
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controller in accordance with the abjectives of the invention,
the cleaner is adapled to operate at the slower secondary
drive speed for a predetermined operational pedod of time
that is sufficient to insure that any enfrained air will be
purged [rom the interior of the cover. This predetcrmined
peniod of 1ime can range from abowt 5 to about 15 seconds,
and a8 explaincd above, is determined based upon the design
and vperatian of the specilic poul cleaner, including features
such as the configuration of the cover, the posilion of Lhe
intake ports in the base plate, and the like,

In order 10 schieve the goal of more rapidly completing
the cloaning of the pool, the time of operation at the more
rapid primary drive spead should be maximived and the Gme
of operation at the slower seeondary drive speed or descend-
ing drive speed should be kept 1o a minimum. However, in
order to provide a universally acceptable commercial
machinc, the predetermined operational perod of time for
vperalion al the secondary or descending drive speed must
take into account varying dimensional features found in 8
range of pool desighs. In any cvent, operation at the
doscending secondary drive speed can resull in enhanced
cleaning performance of the contacted surlaces.

A [urther arbvantage of operating the pool cleancr af the
more rapicd primary drive speed ul the walerline is o enhance
the ability of the pool cleaber to tuen the comer of the pool,
i.t., o move from one wall surface o an intesectioyg wall
surfacc at the coraer of the pool, This cohanced cornering
ability results from the preater momentum and traction
achieved at the fasier primary drive speed.

DESCRIPTION OF PREFERRED
EMRBRODIMENTS

A pool cleaner having drive means comprised of a DC
electric motoe attached through pulleys and drive belts to a
pair of iransverse cleaning brushes is provided with a
proprogrammed microprocessor controller that is adapted to
move ihe pool cleaner on the botlom of the pool al a primary
drive spead of about 30 fi. per minute, A mercury switch is
alixed beneath the cover of the cleaner and electrically
compected to a limer associated with the mictoprocessor. In
a preferred embodiment, the timer iz integrated inlo the
microprocessor controller. When the pool cleaner is placed
in an operational position on the botom of (be pool, the
mereury switch is in anopen position. When the pool cleaner
15 in an aperational or vertical position on the side wall of the
pool, the mercury swilch moves with respect 1o the cover
and transmils a signal that is received by the timer.

The cleaper continues to ascend the side wall and upon
reaching the watcrling bepins to move borizootally along the
side wall 10 serub the scum lipe. Jo the preferred
cmbodiment, the timer operatcs for a random period of time
which can he [or aboutl 10 (o about 30 seconds belone
stopping and reversing the drive means {0 cause the cleaner
Lo descent Lhe sidewall al the slower sscondary drive speed.
As the cleaner slarls 1 descent, air lrom under 1tbe cover 15
displaced by water aod the cleancr maintains operational
contact with the side wall,

‘The cleancr completes its descent from the sidewall and
beging o traverse the bottom of the pool at the sccondary
drive specd Afler the preprogremmed penod ol light
seconds, the timer transmils a sigoal (o the microprocessor
conlroller which cause the DO moloms 0 ncrease o the
primary drive speed to about 30 fect/second which is about
mwice the secondary speed. The pool cleaner rapudly
traverses ihe Inng dimension of the pool botiom, ascends the
wall to the waterling, move hotizontally along the watceline
fur a randomly determined lime of aboul seven seconds,
afier which the DC motors ar stopped and reversed o cause
the drive mcans to move the cleancr down the zide wall at
the secondary drive speed of aboui twelve to fourleen
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feat/secomd, and therealer (o assame a different course in
Iraversing the bottom of the pool.

I ¢laim:

1. A method of operating a puwer-driven poo? cleaner 1o
clean the boliom and side walls of a pool or tank, the method
comprizing the stops of

(a) providing a pool cleancr having a covee, dfive means

for moving the cleaner in forward and reverse direc-
tions and a timer;

(b) activating the pool cleaner while the cleaner is in |

operating, position in the pool;

(¢) causing the pool cleaner to traverse the bottom of the
pool in & forward direction at a primary drive spocd
vatil the cleaner encounters a side wall of the pool;

(d) causing the pool cleaner o ascend the side wall of the
poul to the waterline of the poal;

() gonerating a control sipnal when the cleaner is in a
vertical orientation on the side wall of the paol;

() activating the timer in rosponse to the control signal;

(g) changing the drive speed of the pool clesner 10 4
secondary drive speed that is relatively slower than the
primary dive speed while the cleaner is at the watcrling
of the pool;

() eperating the cleaner for a predetermined operational
period af time at the secondary drive speed;

(1} causing the cleaner to descend the side wall of the poaol
al lhe secondary spesd, whershy any air entrained
under the cover is displaced as ihe cleaner descends in
conlacl with the side wall; and

{7) changing the drve speed of the pool cleaner afier the
predeiermined operatinnal period of time 10 the primary
drive speed.

2. The method of ¢laim 1 comprising the funiher steps of!

(k) cansing the pool cleaner Lo traverse the bollom of the
pool and ascend a side wall of the pool at the primary
drive speed;

(1) changiog the speed of the puo] leaner 10 the secondary
drive speed while (he cleaner is al the walerline and
vperating the cleaner [or the predelermined operational
period of Lime at the secondary drive speed;

(m) causing the cleaner to descend the side wall al the
secondary drive speed;

(ny changing the drive speed of the pool cleaner afier the
predetermined peand of lime 1o the primary drive
speed; and

(0) repeating sleps (o) through (0).

3. The method of claim 1 comprising the further steps of;

upon activation of the pool cleance, operating the pool
cleaner drive means at the sccondary drive specd for a
predetermined start-up period of time; and

al the ¢nd of the predetermined start-up period of lime
operaling the dove means at the primary drive specd,

4, 'I'be method of claim 1 where the predetormined
stat-up and opcrational periods of time are sufficient 1o
permil Lthe cleaner 1o descend from the waterling of the pool
to the bottom of the pool.

5. The method of claim 1 where the predetermingd
siart-up and operational periods of time arc substantially the
Bame.

fi. The method of claim 1 where the fist and sccond
predetermined periods of time are each from aboul 5 1o
about 15 seconds.

7. The method of claim 4 where the pool cleaner operates
it the primary speed 1o advance along the side wall of the
ool at the waterline.
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8. The method of claim 4 where the pool eleaner operates
at the secondary dnve speed afier the cleaner reaches the
waterline of the pool,

Y, 'The method of claim 1 where the direction and speed
of the drive means arc varied by a preprogrammed micro-
QIOCCSS0L,

10. ‘Ihe method of claim 8§ where the microprocessor
ingludes the timer,

11, The method of claim 1 where the coalrol signal is
generated hy a control signal swilch.

12. The method of claim 11 where the control signal
swilch moves with respect 1o the eleaner housing.

13. The method of claim 12 where ihe conirol signal
swilch 15 a mercury swilch.

14. The method of ¢laim 1 where the primary drive speed
from aboul three (o abowt five times fasier than the second-
ary dove speed.

15. The method of claim 1 where the primary drive speed
14 from ahout twenly-lour feet per minute Lo aboul thiry-six
feel per minnte.

16. The methad of claim 1 where the secondary drive
specd is predetermined to permit sir eotrained upder the
cover 1o be displaced while the cleaner mmintains conlac
with the side wall of the pool being cleancd.

17. An improved method for clcaning the bottom and side
walls of a swimming pool or tank using a power-driven pool
cleaner, the method comprising:

{a) placing the pool cleancr in a horizontal operative
position on the botlom of the pool;

{h) causing the paol cleaner o traverss the botlom of the
pool at a primary speed in lhe range from aboul
twenty-four o about thirty-six fest per minute;

{t) causing the pool cleaner wo move honzontally along
the waterling of the pool or tank;

{d) causing the clesner 1o deseend from the waterline of
the pool al a secondary speed that is less than the
primary speed, the rate of descent al the sccondary
speed being sulficient (o permit displacement of any
entrained air in ihe pool while maintaining the pool
cleaner i clesning conluet with the side wall of the
pool.

18. The method of claim 17 where the secondary speed is
io the ranpe of from about four to about fiftcen fect por
iute,

1%, The method of cliim 17 where the pool cleaner is
operated at the secondary speed for a predetermined opera-
tional period of time,

20, 'The method of claim 19 where the predetermined
operuliona] period of lime 15 from sbout 5 1o abour 10
secnmdds.

21. The method of claim 17 where the commencement of
the operation of the cleaner ai the secondary speed 15 in
response 1o A change in the orientation of the cleaner from
a pencrally horizontal to a poocrally vertical position,

22. The method of claim 17 where the commencement of
the operation of the cleaner at the secondary speed s in
response to a control signal penerated when a partion of the
cleaner emerges from the waler ai the walsrline of the pool.

23. The method of clann 21 where the pool cleaner
commences operalion at the sseondury speed after a prede-
termined delav period of time following the change in
orientation from a penerally horizontal to vertical position.

24, The method of claim 19 which funher compriscs
operaling the pool cleaner al the pruvary spesd afier the
predetermined operational period of time,

L S A I
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(57 ARSTRACT

An avtomated power-driven poal cleaning apparatus is
provided with a motion translating member thel contacts the
surface being cleaned, an associaled signal transmiller and a
sensor lhal is connecled to the pool cleaner’s programimed
electruniv control device, or chip, so that when the cleuner
is moving, the mim muves the signal transmitter past the
sensar thereby providing an intermittent signal, When the
clcancr staps moving, ne inermitlent signal is recelved and
afier a predetermined period of fime, the control deviee
causes the cleaner’s drive means 1o move the cleancr n a
differcnt dircetion.
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MOTION DETECTION AND CONTROL FOR
AUTOMATED MOOL CLEANER

This application is a continuatios-ig-part of U5, Scr No,
09/285,020 filed Apr. 1, 1999, mow U5, Pat, No, 6,299,699,

FIELDY OF THE INVENTION

The inventiom relates 10 motion detection and control
sysiems for automated, power-driven pool and lank eleaning
apparatus,

BACKGROUND QT TIIE INVENTION

Automated, power-driven pool and tank cleances have
been provided with programmable cirenit coatrol devices 1o
provide random and/or regular patierns of movement of the
apparatus. ‘The purpose of these devices s to maximize the
prubability that the apparatus will cover the enrire bottom
wall surfuce dunny the cleamnyg operation. Svme ponl
cleaners are desipned and programmed accordinply for
cleaming the generally verucal side walls, as well as the
bottom wall of the pool or tank.

Control devices are kpown that produce a chapge in
direction after a predetermined period of time. Other control
devicss respond 10 signals generaled by mercury switches
that change with the oricntation from horizontal 1o vertical,
of when a projecting rod, proximity device, of the like scnscs
that the apparalus i adjacenl a wall.

These prior an methods and apparatus for controlting the
direction of movement do not take into account the possi-
bility that the apparatus may be stopped by an obstacle, or
that much of the direetional cycle may be speat with the
apparatus stalled in a commer or other pool coptour.

It is therefore an objoct of this invention to provide a
mcthod and apparanes for detcemining whethor the apparatus
ig actually moving across a wall surface that is to be cleaned
or whether the relative movement of the apparatus has
siopped and, in the event that relative movement has coased,
lo thereafier cause the apparatus drive means 1o move the
apparatus in a ditferent direction.

It i% a furlber ubject of the invention to provide a method
and apparatus for delecting the melative molion of the
apparatus that are responsive to changes in the contour of the
surface being cleaned.

SUMMARY OF THE INVENTION

The above objectls and other advantages are obtained by
lhe method and spparatos of the inveniion which compre-
hends providing un awlomated power-driven pool clewning

upparalus which includes & programmable control devioe for -~

directing the movement of the apparatns wilth elements
Comprising:

a molion tragslating member (“mim") mounied for con-
lacling the surface of the wall being cleaned, said
maotion trapslaling member moving as said apparatus
maves across Lhe wall;

a signal transmitter for lnnsmilling signals 10 accordance
with movement of said molion translating member; and

a sepsor mounted 10 receive sigoals from said signal
transmitler apd for providing an oulput indicalive of
signils received 10 the control devies,

wherein the programmable control device is programmed
tor alwer the direction of movement of said apparatus
when the owpel of said sensor iodicales that said
apparatus bas not moved within a prescribed period of
Lisne.
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In accordance with the method of the iovention for
controlling movement of an auomated power-driven pool
cleaning apparatus, the apparatus comprising a program-
muahle control device for directing movement of the
apparatus, the method comprising the steps of:

prowiding a motion translaling member meunted oo the

apparatys for contacting the surface of the wall being
cleaned, the motion translating member inchiding et
lcast one signal irsnsmitier (hal moves as the apparatus
moves actoss the wall,

providing a sensor mounted on the apparstus o receive

siphals from the signal transmitter;

transmitting signals from the sipnal transmitter in relative

Lo the secordance with movement of the motion trans-
lating member;
avtputting from the sensor to the programmable control
device, an oviput signal that is indicative of signals
received from the signal transmitter by the sensor; and

changing & direction of movement of the apparatus under
coatrol of the proprammable comrol deviee when the
output indicaics that thc apparatus has not mowved
within a prescribed period of time.

The motion translating mcmber ¢an take the form of a
wheel, a continuous belt of other ¢lement that cxtends from
the hady of the pool cleaner apparatus 1o contact the wall
lhat is Leing eleaned. The mtm i3 mounted so that it maves
frezely as the apparatus traverses the hotlom and/or side walls
af the pool. The mim slops moving when the apparatus stops
moving, €.g-, when the apparatus encounlens an obstacle, a
vertical sidewall (if the cleaner is designed only o clean the
botiom wall), or the surface nf the water when on a side wall.
As will be explained in more detail below, when Lhe mim
stops for 4 pre-delermined period of time, an associated
signal transmitter ceases to ICAnsmit ap intermiltent signal Lo
4 oearby sensor, and the program of the slectronmic control
device causes the drive means to stop and then to reverse Lhe
direction of the cleaner,

The mim is preferably mounted to extend dowpwardty
beneath the body of the cleancr, between the drive means
and in a position where it is protected from gide impaet.

The mim can be ia the form of 2 wheel that is monnted on
an axle, which in turn i= mounted for vertical displacement
10 response to a biasing foree that urpes the mtm into contact
wilh the wall below the apparatus. Thus, the portion of the
mim in contact with the wall moves in response (o
depressions, e, recessed deains, or to raised areas and
uther irregularities typically fouod on the walls of a pool and
which do nol impede the progress of the apparatus in the
pursuil ul its cleaning program,

The mim can Lake the forn of an endless belt or track, one
or more of ibe supporling pulleys or sprockels of which is
maounted as described shove 1o assure that the portion of the
helt extending below the apparalus maintaing contact with
the surface heing cleaned. The mechanism for this embodi-
ment ¢an include one or more idler rollers to provide the
necessary lension and sxpansion for the belt.

The mtm is prewided wilh at least one signal transmitist
that is mounted for movement with the mim. The signal
transmilier can take ihe form of one or more permanent
magncts, cach of which emanates a separate magnetic force
field, a point source of light; one nr more wpertures that
pormit the passage of light from a fixed light souree adjacent
the mtm; or other cquivalent devices which will be apparent
to those of ordinary skill in the sipnal peocration, control and
detection art.

A sengor is positioned proximate the mtm to receive and
respond o the signal from the transmitter. The sensor s also
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in communication with the programmed conlrol devige. Ina
preferred embodiment, the sensor iy hard-wired 1o the
device. However, infrered and short range radio {ransmis-
sion technology can be wiilized to link the sensor and the
conbrol device.

When Lhe apparatus i1s moving, one or more signal trans-
mitlers mounied in the mtm will provide an tnlermiitent
signal 1o the sensor as if moves past the sensor. In tum, the
560507 communicates this data to the control device, When
the apparatus stops, as by having its movement inteerupted
by an obstacle, no intermittent signal is received by the
sensar, After a prescribed period of time, the control device
program causes the drive means o revense or olherwise
change the direction of movement of the apparatus.

The contro] devices 15 programmed 1o process a conbimuous
sipnal from the transmitter to the sensor in the same maonner
as 0o signal. Thus, if the mim stops so that a magnet, or light
souree, or light-lransmilting aperiure & providing & contien-
ous signal to the sensor for more than the predetermined
mterval, the apparatus will be reversed.

The use of the apparatus and method of the invention
prowides an inexpensive and reliable solution (o the problem
of maintaining & vonlionouws paltern of movement for the
upparaius. Placemenl of the mim inboard and beneath the
hody of the cleaner minimizes jts cxposure o damaging
impacts, both in and out of the pool. The number of moving
parts is minimal, their assembly and mode of operation is
siraight-foreard, and ihey can be made from knowno mate-
rials to assvre long-term use without failure,

HRIEF DESCRIPTION OF THE DRAWINGS

The above objocts and other advantages will become
apparent from the detailed description of the inveotion,
particularly when read in conjunclion with the attached
drawings in which like elements are referred 1o by the same
numeral and where

FIG. 1 is a top plan view of a portion of a pool in which
4 pool cleaner % operating;

FIG. 2 is a side elevational view, partly in scetion showing,
a preferred embodiment of the motion sensing apparatus of
the iavention;

FlIt3, 3 is a bottom scctional vicw taken along section ling
3—3of FIG. 2;

Flti, 4 i5 a sectional end view taken aloog section line
4--4 of FIG. 3;

FIG. & iz a gide clevational view similar to FIG, 1
schematically illustrating the method of the iovention for
chanping the direction of the cleaner;

FIG, 6 is a partial scetion bottom view taken along ling
6 6of I'IG. %

FIG, 7 is pamial elevational view taken aloog ling 7-—7 of
Fii, 6;

FIG, 8 iz a side clevational view simlar to FIG, 1
dlustrating the method of operation of the invention when
the cleaper passes over a section of vneven wall;

FIG, 9 is parial clevational cnd vicw taken along ling
9.9 of FIG. 8; and

FI(3, 10 is a side clevational view schematically illustrat-
myp another embodiment of the invention,

Preferred embodiments of the invention will be described
with reference to the attached drawings in which ITG. L is
a plan view of swimming pool T having a boliom wall 2 and
side walls 4, seross which s moving s power-driven, sulo-
mated pool cleansr referred 10 generally as 10. Pool cleaner
power cord 12 provides a low vollage current from a remote
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power source (nol shown) o power the drive means con-
tained in housing 14 thal move drive means 16 atiached to
cleaning brushes 18 that contac! the wall surface of the pool
heing cleaned. The poal clesning apparatus 10 also includes
1 programmable contral device, 1.e., 4 computer chip, which
is pre-programmed with a routine for controlling the dnve
means 1o accaomplish a predetermined patlem of movement
that is intended to clean the entire bottom wall surface, as
well as the sidc walls if the apparatus is 50 designed and
comstrueted. For the purpose of this deseription, the cmbodi-
ment will be limited pencrally to a pool cleaner that is
adapted to cleaning the bottom wall of 2 pool or tank, The
tesign and manulecture of the prugrarmmable conirol device
for the pool cleaning apparaius is within the skill of the art,

DESCRIFTICN OI' PREFERRED
EMBODIMENTS

As noted above, the pool cleancr 10 moves in a pattern
under the contenl of a programmable contral device, such as
a conrputer chip, which dirccts its movement across the
botiom and/or side walls of the pool or tank. The control
device ilself is conventional, but it receives spocificd signals
and 15 programmed (o respond thereto in accordance with
the present invention ko achieve new and unobvious results.
In particular, the mim s provided with means for indicating
to the control deviee both when the mim, and hence the pool
cleancr 10, is moving normally, ie. as miended, and also
when the pool cleapner 10 has oot moved for al leasi o
preseribed perind of tme. Accordingly, when the poul
cleaner 10 has stopped, e.g., against a side wall, or when it
shovld not have stopped, c.g., against an obsiacle, ihe
contral device can inke aclion by changing the dirsction of
maovement of the pool cleaner 10 to gel il oving gain.

In a preferred embodiment fustrated in FIGE, 2-9, the
whee] 54 embodying the mim 15 provided with two rare earth
permanent magnets 56 of the Lype known o produce a sirong
locahized magnetic foree field. As shown in FIG. 2, the two
magnels $6 are advantageously mounted eqguidistant from
cach other al diametrieally opposed positions st the periph-
cry of the wheel 54 30 as 1o rotate with the wheel 54, The
magnets 56 can be mounied convenienily 1o corresponding
recesses at the periphery of the wheel 54 and held in place
with & water and chemical resistant epnxy compound or
niher knewm potling eomposilion.

This preferred embodiment uses two mapgneis 56 spaced
aparl such that the magmetic field proximate to each mapnet
56 is subslantially geeater than the magnctic ficld adjaccnt
Lhe whee] 54, but distant [rom the magnets 56, e.p., halfoay
helween the magnets 56 acound the periphery of the whecl
54. The spacing is delermined such that the difference
hetween the two magnetic field strenpths can be detected by
u sensor assembly 90 including u sensor such as reed switch
91. As best seen in FIGS. 3, 4, 7 and 9, the sensor assembly
00 15 mounied 10 4 walerprool housing ¥8 formed un a wall
of support 52 and located fucing the rolating wheel 54. The
reed switch 91 itself s a conventional element including two
oppused arms 92 esch carrying a contact 94, In iis conven-
onal operation, when the reed switch #1 is oot in the
presenpce of a magoetic fiekd of a defined sirength, the arms
92 with the contacts 84 thercon stand separated by a gap.
However, 1o the presence of a suitable magoetic field, the
arms 91 arc drawn togethor until the contacts 94 meet 1o
close a circudi including the reod switch 91 and thereby
provide an output on electrical leads %6 to 1he progranmalle
control device,

In the illustrated embodiment, the magoetic feld experi-
enced by the reed swilch 97 increases und decreases lwice
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wilh gach rotation of (he whesl 54. As the whee] 54 rolales
Lo bring ane of the magnels 56 proximate to the reed switch
%1, as shown in FIG. 4, the magnetic field increases to bring,
the cmlacts 94 wgether lo close the cireuil. However, after
another quartcr turn of the whecl 54, both mapncts 56 arc
distanced from the reed switch 91 and the magnetic field at
the reed switch 91 decreases to allow the arms 92 to
separate, opening, the circuit as shown i FLG. 7. Thus, as the
pool cleaner 10 moves normally across the pool wall, the
resd swilch 91 will receive u strong magnetic field twice al
regular intervals for cach commplete rotation of the wheel 54.
Each strong magnetic field is a signal transmitted from the
respective magnel 56 in accordancs with movement of the
wheel 54 to be received by the reed switch 91, As a result,
the reed switch 91 opens and closes at these intorvals,
therchy pencrating an output indicative of the signals
received by the reed switch 91, If such signals (sufficiently
high mapgnetic ficlds in this embodimcnt) continve to be
received at these intervals, then the wheel 84, and hence the
pool cleaner 10, is moving normally and the output of the
eeed switch 91 will 50 indicate.

However, i these signals are nol generated at the expecied
intervals, some misoperalion of the pool cleaner 10 is
happening. In particular, and assuming that no element of
the punl cleaner has mallunctioned, il no signal s generaied
over the interval, then the wheel 54 is not rotating nommally
1 bring one of the magnets 56 timely inlo proximity with the
reed switch $1. This situalion may arse if, for exampile, the
pool clesner 10 15 trapped in a corner af the poal or Blocked
hy a0 abject that has fallen into the pool. To dolect this
sitwation, a preseribed time period is set during which at
least onc signal should be transmined from the signal
transmitter careied by wheel 54 to the reed switch 91
Advantageously, this time period is longer than the cxpected
intcrval botween sipnals, to allow for a briet interruption in
motion. In a preferred cmbodiment, with whoel 54 being 3
inches n diameter and the poul cleaner 10 moving at a
conventional speed, the prescobed time period can be 5
seconds, If the owtput from the reed swilch 91 1o the
programmable coniro] deviee doss not inclode an indication
that a hiph magnetic field sipnal was received by the reed
switch 91 for 5 seconds, then the oulpul also indicates that
the poot cleaper 10 has not moved within this presceibed
period of time.

It is possible that 1he pool cleancr 10 will stop moving
with nne of the magnets 56 proximate 10 the reed switch 91,
sa that the high magnetic ficld sipnal is constantly received
by the rocd switch 91 and the contacts 94 remain closcd in
constant comtact, 'The output of the reed switch 91 vnder this
condition also indicates that the pool clcancr 10U has not
moved within the prescribed period,

When the programmable control device receives an ont-
pul indicating that the pou] cleaner 10 has not moved within
the prescribed period, It can tlake corrective aclion.
Ardvantageousty, this iacludes changing the direction of
movement of the pool cleaner 10 from the direction it had
before i sopped. 17 the direction is revemsed, this enables the
pool cleaner 10 10 back away from an obstacle ar out of a
corner, and the patlern af movemen! can then be resumed.

If the change in dircetion of movement still fails to bring
About movement of the wheel 54 and thereby indicating
movement of the pool cleancr 10, the wheel 54 may be
Jjammed with debris. In swch case, a fall-back error operation
can be used, such as shifting to a standard routine for the
pool cleaning pattern. This change in patiem would be
olwious to the individual responsible for the maintenance of
the pool and operation of the pool cleaner 10, who is then
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aleried o a condition that must be corrected. In this way, any
prablem with the aperation of the wheel 54 will result o the
digabling of that particular part of the program with &
transition Lo a slandard program such as that well known in
the art.

While the above-discussed embodiment smpluys two
magnets 56, it will be understood that more magnets or only
one magnel can be wied instead However, it 18 necessary
that the number of magnets be chosen in consideration of the
size of the wheel 54 so that the magnetic ficld changes
sufficicntly as the wheel 54 rotates to canss the reed swilch
1o open and close.

Turthermore, while the above-discussed cmbodiment
employs magnets as a signal transmitter and a reed switch as
4 sensor, olher signal transmillersensor combinatbons can be
used. For example, the signal iransmiter can be constrcted
a5 a lightl emitling element that inlermitiently trunsmits lyght
and the sensor van then be a photoelectric cell. In a prefesred
embiodimeni, the photoelecine cell is mounted on the wall of -
support 52 in place of the reed switch #1 and the light
clement includes s modified version of wheel 54 and a light
soure fixed on the pool cleancr at a position opposed o Lhe
phoinelecirie cell. The modified whesl includes at least one
porticn that transmits light and at Jeast one porion that
blocks passage of light so that rolation of the modified wheel
interrupts light received by the photoelecine cell from the
light source. Accordingly, as the madified wheel rolaies, the
photoelectric oxll receives light stgnals iransmitted from the
modified wheel apd provides an output indicative of the
sipoals received, This output contzins the same information
as the outpul in the previously-discussed cmbodiment and
can be used by the programmable control device {n the same
way. Ax will be understood by one skilled in the art, the fipht
ernitled can be in the visible spectrum, including from a laser
source, or in the non-visible spectrum.

In an cspecially preferred embodiment that will be
deseribed wilth reference 1w FIG. 9, the wheel 54 s so
mounted in the supporting assembly S0 thal il can be
withdrawn sufficiently from the pool cleaner housing thal
the mounting ¢lip 61 is exposed for removal from wheel axle
60 to thereby permit the wheel to also be dismovnted from
the axle. Removal of the whesl may be necessary to replace
the traction surface 55, a wheel bearing (not shown), or the
cotire wheel, In the embodiment, slide block 64 can be
displaced from channel 66 by pulling oo the cxposed rim of
whee] 54 until cap 72 vo shafi 70 compleiely compresses
tebound sprinp 74, After the wheel bas boen replaced on axle
60, rebound spring 74 expands to raise shaft 70 and asso-
ciated elide block 64 into channel 66 until block 64 cocoun-
lers the resisting opposite furce of biasing spring 62. As will
be understood by onc of ordinary skill in the an, shaft 70 can
be shod-ended and spring 74 omitted 1o provide a limited
degres of verlical movement o shide block 64, and thereby
Lo axle 60 and wheel 54, Hlowever, 1t will also be wodetstiood
lhat such an arrungement will necessilale the disassembly of
major components of the cleaner should it become necessary
1o replace the whesl

1 a preferred embodiment illustrated in F1GS, 2-9, wheel
54 iz provided with at least two rare earth permanent
mapncts 56 of the type known (o produce a strong mapnetic
foree ficld, ‘The magoets can conveniently be mounted in
corrcsponding reoesses i the region of the wheel betwecn
the axle bearing and periphery and held in place with a watcr
and chemical resistant epoxy compound or other known
polting composition. The plurelity of magnels are mounted
equidistant from each other, a pair preferably moumed ar
diametrically opposed posilions.
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As hest shown in FIGS. 3, 4, 7 and 9, ¢ sensor assembly
90, in the form of a reed switch 91 is mownted in =
walerproof howiing 88 formed on a wall of supporl 52 and
proximale rolating wheel 54. In this embodiment, the prox-
im ity of one of the magoets 54 to switch 91 will cavse arms
92 1 move relatively closer to cach other uatil contacts 94
mcct 1o close the cireuit; if the mapoet moves away from the
switch, the field is reduced and the contacts Y4 part opening
the circuit. As best shown in FIG. 3, electrical leads 96
contained in cabic 98 are atiached to the cleaner’s program-
mable control deviee, e.p., a compuler chip (not shown),
which has been programmed to maintain the directional
movemnenl of the dive means so long as il intermitient
signal is received from the resd switch 91. Tn the event that
lbe conlacts 94 remain open o closed for 2 period of ime
thai exceeds the predetermined, programmed lime period,
c.g., five sceonds, the control device will alter the direction
of movemsnt of the cleaning apparatus,

It will also be voderstood that when the mim is a eon-
linwous belt, one of the pulleys or sprockets can be con-
structed in the same manner as the whesl of FIG. 1. Tis
rotational movement will be cavsed by the passage of the
helt, %o long as the cleaner is moving nommally in its cleaning
pattern.

Other copstructions can be employed without departing

from the general method and apparatus of the Wrvention

desenbed above. A further embodiment s ustrated sche-
matically in F1G, 10 where the motion translating member
54 conlaining magoets 56 is displaced from the surface of
the puol wall Lo an allernative position on the inlerior of the
pool cleaner housing, The sersor 90 is positioned proximate
wheel 54 in accordance with the embodiment described
above 10 comnection with FIGS. 2-9. The linear movement
of the pool cleaner is translated lo a rolational motion by
auxiliary wheel 54A which is linked (o wheel 54 by belt 78,
The bell exlends below the cleaner body 22. In the embodi-
ment illustrated in F1G. 10, belt 78 is in contact with surface
2 and wheels 54 apd 54A are preferably configured as
pulleys or sprockets. Altematively, the belt 78 can be
recossed in & groove in the surface of the wheels 54 and 544,
or fixed to ride on a contiguous concentric portion formed
{or thal purpose, in which case the rim of wheel S4A will
coptact surface 2 directly.

1o arder to assure appropriate tension in the belt 78, an
idler wheel asscmbly 82 can be provided with idler wheel 84
urged into cootact with the surface of belt 78 intermediate
wheels 54 and 54A. The idler wheel provides for the
tensioning of the bell when the spring-mwunted lower
sprockel moves from ils cusiomary position in order o
accommodale iregularilies in the wall being cleaned. The
mounling of idler wheel assembly 82 and its component
parls are comparable 1o that previously described and will be
well known o those of ordinary-skill in the arl

1n the method of operation of the embodimem of F1G. 10,
movemnent of the pool cleaner causes bell 78 1o advance
thereby rotating wheels 54 and 544 Should wheel 544
experience a change in ils vertical posilion with respect 1o
the howsiog frame member 52, the idler wheel 84 will move
in order to maintain the peccssary tension to keep bolt 78 in
rotational contact with wheel 54, As and when the pool
cleaner stops moving, belt 78, or auxiliary wheel 54A, will
also stop moving. Abscnt the rotational foree of belt 78,
wheel 54 and mapneis 56 will also ccasc their rotational
movemeat. Scosor 40 will communicate this condition to the
programmable control device and the predetermined chanpe
in the directionul movement of the cleaner’s drive mecha-
nism will be effected by whatever mechanical means are
provided for this purpose.
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In yel a [urlher variation on this crabodiment, belt 78 can
he provided wilh ransmilters in the form of a plurality of
magnetic clements (not shown) that are spaced apart along
the length of the belt. The magnetic clements can be molded
inte the body of the flaxible polymenc bell T8, vr attached
1o its surface, ¢.g., in Tecesses, As the helt passes Lhe sensar
M, or ceasss ils movemnent, the same effect is achieved as
deseribed io the earlier embodiments, with the direction of
movement of the pool cleaner being altered.

As will be apparent from Lhe above described
embodimenls, numerous other changes to the specific stve-
ture cmployed 1o effect the iransfation of the linear move-
menl ol the cleaner inlo 2 rotational movement, which
riflational movement results in the corresponding movement
of a signal tramsmiller pasta sensor that detects the absonee
and/or perindic presence of ihe trapsmitter in order to
determine whether the cleaner is actually moving with
respect io the surface of the poul, or such relative movement
has ceased, regardless of whetber the ¢leaner drive means Is
shll activated. Such movement can also be translated by one
or more gear sets atlached 1o wheels, rollems, belis or other
traction devices thal will consistently move without slipping
to reliably indicate when the cleaner 1s moving with respect
o the wall of the poal that 15 being cleaned.

The torepoing description of a preferred embodiment amd
best mude of the invention koown to applicants at the tme
of filing the application has been prescoted for the purposes
of illmstration and desceiption. It is not imended to be
exhaustive or 1o limit the invenotion to the precise form
disclosed, and obviously many modifications and variations
are possible i the Lipht of the above teaching, The embodi-
menl was chosen and described in order to best explaio the
principles of the invention and ils praciical application o
thereby enable others skilled in the art to best utilize the
invention in variouws embodiments and with various modi-
fications as are suited 10 the particular ose contemplated, It
is intcnded that the scope of the invention be defined by the
claims that follow.

I claim:

1. An automated power-driven pool cleaning apparaius
utilized for clcaning the surface of a botlom or side wall of
a pool or tank and inchuding a programmahble control devies
for directing movement of said sapparalus across the wall,
said apparatns comprising:

1 motion lranslaling member mcunled for contacting the
surlace of the wall being cleaned, said motion trans-
lating member moving as said apparalils MOves across
the surface;

a signal transmitter for ransmitting signals in accordance
with movemeti of said motion translating member; and

a scnsor mounted to reccive signals from said signa)
trapsmitier and for providing an output indicative of
signals received lo the programmable control device,
which is programmed to chanpe 3 direction of move-
ment of said apparatus when the output of said scosor
indicates that said apparatus has not moved within a
prescribed period of time,

wherein said signal transmilter is responsive Lo normal
movement of sajid motion translating member to rans-
mit at least one signal during each upit of ime equal in
duration to the preseribed period of tume, and wherein
the output of said sensor indicates that said apparatus
has oot moved within the preserbed pedod of (ime
when oo sipnal is received by said scosor within the
prescribed period of time.

2. The apparanes of claim 1, wherein the output of said

sensor indicates that said apparatus has got moved within the
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prescribed perod of time when a signal is comslantly
received by said sensor for the presceibed poriod of time,

3 The apparates of claim 1, wherein sajd motion trans-
lating member includes a wheel mounted for rotation on an
axis traosverse 0 the direction of movement of said appa-
ratus,

4. The apparaius of claim 3 wherein a poriion of said
wheel in contact with the surface of the wall 1 provided with
a lraction surface.

&, The apparatus of cluim 4, wherein suid Uraction sueface
is B pulymeric material having a high coefficicnt ot frietion,

6. The apparaius of claim 1, wherein said motion irans.
lating mecmber includes a wheel that rotates as said apparalus
moves across the wall, said sipnal transmitter being mounted
on said wheel to move sy said whee] tolates.

7. The apparatus of claim 6, wherein said signal trans-
miller 15 mounied Lo rotale with said wheel.

& The apparatus of claim 7, wherein said signal traos-
mitler i mounted on said wheel at a periphery of said wheel,

9. The apparatus of claim 7, wherein said sensor is
mounted on said apparatus at a position where said sensor
receives or does ool receive a sipnal from said signal
transmitter in dependence wpon a rotational position of said
wheel.

10. The apparatus of claim 9, wherein said sensor s

mounted oo said apparatus at a position thal said signal .

transmilier is aliernalely proximate 1o and distanced from as
said wheel rotates, said sensor recejving a signal from said
signal transmitler when said signal transmitler is proxXimate
o said sensor, and said sensor nol receiving 2 signal from
said sipnal tranemitter when said signal trapsminier is dis-
laneed from said semsor.

1. The apparatus of claim 10, wherein said signal trans-
mitler includes at least one permancat magoet mounted at
said periphery of said wheel.

12, The apparatus of claim 11, wherein said semsor
includes a reed switch that moves belween an open and a
closed position io dependence upon whether said al least one
permanent magnel s proximate to or distanced from said
reed switch.

13. The apparatus of claim 12, whercin said wheel is sized
such thal said at least one permancat mapnet is proximate 10
said reed swilch at least once during each unit of time cgual
in duration to the prescribed period of time during normal
movement of said motion translatiog member to transmit at
least one wignal, and wherein the output of said sensor
indicales that said apparatus has not moved within the
preseribed periad of lime when no signal is received by said
sensor within the prescribed penod of tioe.

14. The apparatus of claim 13, wherein the output of said
sensor indivates that said appacatus bas oot moved withio the
presoribed period of tme when a signal s constanily
received by suid sensor for the presoribed period of time.

15. The apparatus of claim 12, wherein said sipnal trans-
mitier includes ul least two permanent magnels mounted at
said periphery in diameincally opposed relation lo cach
other.
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16. The apparatus of ¢laim 1, further comprising a supporl
asscmbly for urging said molion Lranslating member into
contact with the surface of the wull being cleaned.

17, The appuratus of clam 16, wherein said swpport
wssembly compriscs a spring-biased shaft mounied for
movement in a direction generally normal to the surtace of
the wall heing clesned, whereby said motien translating
member is maintained in contact with tregulanities in the
surface,

18 The apparatus of claim 17, wherein said support
assemnbly includes a mounting bracket for recciving said
spring-biased shaft and a bearing surface for said molion
translating, member.

19. The apparatus of claim 1%, wherein said motion
Lranslaling member is 2 wheel and said bearing surface is an
axte.

20. The apparatus of claim 18, wherein said motion
translaling member is a coutimiovs flexible belt and said
bearing suface comprises a plurality of rolationally-
mounted pulleys.

21. The apparalus of claim 1, wherein said signal trans-
miller comprises a light element for lntermittently transmil-
tiog light to said sensor.

22, The spparatus of claim 21, wherein said Light eloment
i responsEive to nomal movement of said motion Lranslating
membser to transmit light to said seosor sl least once during
cach vnit of time cqual in duralion Lo the preseribed period
of ume, and wherein the outpnt of said sensor indicates that
said apparatus has not moved within the prescribed period of
time when no light from said light element s recetved by
said semsor within the preseribed period of time,

23. The apparatus of claim 22, wherein the output of said
sensor indicates that said apparatus has oot moved within the
prescrbed period of time when light from said light element
is comstantly received by said sensor for the prescribed
period of time.

24, The apparatus of claim 21, wherein said light element
includess a light source and means [or intermittently trans-
mitting Light from said hght source W0 said sensor,

25, The apparatus of claim 24, whersin said light source
is fixed and said means for inlermittent]y ransmitiing come-
prises at least one portion of said motion translating member
that tramsmits light in spaced relution (o al least one portion
of said motion translating member Lhal hlocks passage of
light, such that movement of said molion ranslating mem-
ber intormupts light received by said sensor rom said light
SOULCE,

26, 'Lhe apparatus of ¢laim 1, wherein said signal trams-
mittet is a light source and said senser is a pholoelectric cell.

27, 1he apparaws of claim 1, wherein the prescribed time
is about five seconds,



