; e3e™M 76 TAY23 JANUARY 2003 WO 001 04858 PCT/ CA991 00664 NECHANNSNRY-ZORS
GENERATI NG_ WAVE | ON FI ELD OF THE | NVENTI ON The present i tion rel ates
to a mechaYQHY9%r® generating wave notion, s and nore parti Ié](?slg&o?ée
invention relates to beds and chairs having wave generating nechani sns

i ncor porated therein. pMBAHARISHIER SR JERERXING WA VEEM who are

i mmobi lised due to partial or conplete paralysis, or are 10 15 20 25
recuperating frommajor surgery or otherw se bedridden for extended peri ods

of tinme are often unable to exercise _qr nove sufficiently under their own
power. In many cases this is ;fﬁgbpegﬁt iRE INMENTIONead to conplications such

as bed sores, a | . | QI . SO [ . S utions
to this probl em{?ﬂﬁ&g %/%ﬁé@gﬁlgpﬂée%&%ds@ugééeﬁg?ﬁ'tsﬁ fé)ig%‘bégaq@ﬁ vg%% rbgﬁ?é‘nt' S
body sby t hanBeghofs paeticthaiyn thdiialeritioey rélatess tppets eshd Makirs weanieng
fluidized beds incorporated into the structure or inflatable/deflatable
devi ces ar 6epefiating meghanigaeingerreratedthesginy i nvol ve conplicated nechani sns
and circuitry and are quite expensive. A propagating wave through a
mattress support is a desirable alternative to these other solutions.

Several types of wave gencBAUKGROUND OF TREINVENTION ented. United States
Patent No. 3,981,612 issued to Bunger et al is directed to a wave

gener at i ng appaPatiestswihe lareisomobilised dife tooparinsomoomplete paralysisron ange t hat
is driven alon .sef of rails. A flexible sheet  is secured at the, ends of
2o antPOPHAINE: EPM HGPTISTaPMAT PPONES DReT0s BHaRSTINY eRTHH aces
the sheet yppasd é{ftﬁ'guhgﬁﬂe, 18 NRYEsEVrIRbve §uf@é@ﬂﬂ'§%ﬂd§1‘ e SWS I@Wéﬁt n Thi's

.device is quite bul and is only able to produce one displacenent wave for
only one setarfcasekslthisds ptohiemdtiSaat eanfeacdtd covoplichtidhs stisH as dedesbres,
Kashubara di sc] oses a device for converting fluid flow into chani cal

C), [ . f
moti on usi AGIAISUSPAGPNY R6IPBE @ndisoftitissyes. dest salutiopg tqthisirollem invalye over

the air foj f .0l v Wer-1 d i Y

5003 10- 09 SR08 LA B LR TR IR Folerfel orf it plfiedl 3y U bed of Lot
to atset ofwhichatieyaaresuppertethyMatifessien draaingafididizedh betls ircoapdratdueidtaathet he
ends to the,t

K . ited Stat Patent hio. 4 d65,941 i dt
Wi son et sieplreicronnibleetiiabie, dedtrars Gomemn D heFRHREs RSB o

other typemwivdeohilicala hedRnisMét &rid Sciffchﬁ?g \%ﬁdt qne N 8xperiaverl Al he

devi ce engages a set of hutterfty val ves and eel ed carriage 1s pushed
al ong t he prepagaiingtwievebthroagie a watttess Btppodsis padesitable/alte®ative &5 thésssued

to Huftan di,scl oses a fluid fl ow apparatus that may operate as a punp or
ot or . Theoh'é iS@Z&Pﬁ’EI udes sever al

20 Severaltypes of wave generating devices have been patented. United States
Patent No. 3,981,612 issued to Bunger et al is directed to a wave generating
apparatus which uses a set of rollers mounted on a carriage that is driven along a
set of rails. A flexible sheet is secured at the ends of a frame and as the carriage
is driven along the rails the roller displaces the sheet upwardly so that a wave

25 motion is produced along the sheet. This device is quite bulky and is only able to
produce one displacement wave for only one set of rollers.

United States Patent No. 4,915,584 issued to Kashubara discloses a device
for converting fluid flow into mechanical motion using an airfoil movable within a

vertical track. As air flows over the air foil the foil moves vertically up or down in the
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1 X sheets driven in oscillatory rnotion by a bulky crank asgenfbhagodess
1@ﬁ%®@t ates Patent No, d, 939,861 issued to Huang descri bes at herapeugtlsl,c

bed with a wave surface generated through two | ongitudinal shafts, a

me~i titude of offset cans and a support nechanism A PCT patent application
PGTI EP981012' 6 Issued to Nestle S.A uses a nethod simlar to Huang's wave
bed in a peristatti C punp. A longitudinal shaft ~5 drives a nunber of cans

bat ent o, B HadORBREYIAsf InbyBmbht®'d et prBafikhms Biciesy RS
Ttk st e 1 it
to several gear %@g"t\é\%ﬁ}e&‘g Bl ﬁﬁgﬁf’gg"ggﬁn S‘Fsﬂ".ea da %Mr ?Fn@ H%F’F?cath 1229 IOf rom
~Ch 20 gearwhgreddiféfor 8oavting \QangﬂmP Fr“g ?ttlfsey ﬁ%@?ﬁme&%ﬂ@ﬂbh&@;yﬁ Witedr €

jourmal ed at one end 10 the secondary s e ether ends of the
Conneét i ng flaydag dowaydi one aldeyoictherdaviced eogagesea fsiet of buBierflynalvasean®at at i on

i chpr oc HRSeIE) Boibp 5Py ed A e iftne REs Ehrtaber < “Gevi ce Tequi res o
lot of expensi vefastatdy Pate o J5626.861 25uBaxe Huftbh distidstsidfuidflawe be

advant ageous to provide a conpact wave generating device that can be used
for produci #Rparive thalomaypresate ask a purop Ar motopetie daven dacludes apvaral ¢

types ot reily sheetE TR FRABKET oo ORISR IBERIT, 2G5 2000”5
JANUARY 2003 CA 0fifeaEiates PatédiNGY4,080 BOE idduethd HUaRY desdribean thdnapettiof the
Gener at g PR aneee, htsch genaraied FEBIIL A RoolkeloalFbelierp ritudk pr
forms of Usﬁé&dﬁgﬁnd@s@@m\é&%rﬁmﬁ he present invention is that it

e

provi des an apparatus for nerating transverse wave notion that can be
adapt ed for nuneh GUET ppteint epplication IRGT/GEREM18E6 isssied b esle $4A. weee aeds,

wave chair e .surtac and pr.opyl si.o it Th | al so
be. used gen@el et BEFTaPER BAGEbRT W03 Boraic bumbor [ERpRATHEIYERY " °
wor k jsncl udimgsdiaumBer of dinistfial SeduenBially cothpress 8idhemarivalélike raanwsr. | n
one aspect of the invsntion there rovi ded an apgar atus far converting

| S
Cotary motion i rioted:StatenPatent Nads26¢dbhdrsed oIk plserdesssben ANARRS o

(st end Ry PEvee MoIBE Rk Ahd abndid PariE nbdetel Lt Siltes, £REREY, = 2
neans at t hNos®ge4d1erisdidieseokave/etion Sienukstor Lsiag apyirtbiny sRaftesupsied td at es
t he second end portion of the |link it uFdﬁr oes oscill at Oré‘éﬁ' venent, whi ch

produces a EPYAT| 937y BRxes spAchalops due shaRRemnndagy shafts edoed bng fach

propogd i onakear box transversely to the primary shaft. Connecting rods are journaled at one
end fo the secondary shalts and the ather ends of the connecting rods are pivotally
connected to the flexible membrane. Rotation of the primary shaft transfers
rofational mation to the secondary shafts which produce wave motion in the flexible
membrane. This device requires a lot of expensive components such as gear
25 boxes.

It would therefore be advantageous to provide a compact wave generating
device that can be used for producing wave motion for use in chairs, beds or other
therapeutic devicas or alternatively may be adapted for converting wave motion into
other types of mechanical or electrical energy.

AMENDED SHEET



t ength of the |link nenber. In this aspect of the i nvertd oY 2003
1é‘§’|§£§q({13 i ncludes a plurality of link 20 nenbers attached al ong pﬁ\e 900664
fl exi bl e menber driven synchronously by the oscillatory drive nmeans to form
a tontinuous traveling transverse wave. In an apparatus (20) for generating
wave notion) conprising a flexible nenber t22), ) at |east one |ink nenber
(130) having opposed first and second ends, oscillatory drive neans (3<3)

54) 42~, the at’ | east one IlﬂQMWP#iHQ@%WQ‘@g pivotally attached at
rTlratory drive

the secot~d end thereof to t ans (3A, 54) 42) for

i nparting oscil lipfsQinyobjSitio? the Srebbft inesiod 16 plovidy & inwsthahistithaticahdest one
i nk menberééal 30)) the apparatus {20~ for generating wave notion being

char act er i zadrpigd Tar#ithecgenasating isansversawvaametion agconyering wayg mefion

att2~ched a ; WED SHEET _ - 23 JANUARY 2003 10-08- Q000
CA 00990066&“({%?{;(??&%3?9%? I exl fale mert~ber (2~), wherein when the

osci i Isabary dri van edvartageotthe ipfesent inventiorisghetitiptavidesarcappasatits for t i on
undergoes oscfllatr~ty notion whi gh prqoduces tyansverse waves in the

flexi bl e @gmat"e@tzﬁsveﬁaeavevmg@m Bt AN B B QRGBS ¢ o | owing is
a descripti Qe%gc%géné’mﬂuafng?g%iﬁn 6 wile BEHPNRYE ThHRs, WdveaRitficati Ny

waves constf in acco <ce Wi th the presént invention, reference
bei ng had t and beopatsiamestgms.gl er mechayism cantalsshbe eseigenaralsfon pfan vi ew of

a bed containing. a wave nerat i ar at Q0 _const r.uct LDy rdance
with the pr&ed '%‘L‘-’P%m%ﬁ?'l,i"q? Qn%r%ﬁ&frog u%é@%yo&nn@{ugwétﬁgﬁoang@ﬁ@f t he
bed) ghown iddtirgwictioh arldnel@stfital yon;, Figure 3 is an underside view of
(the links of Figures 5 through 10, shown callelLtivety wth each arm broken;

Figure 4 is a pelrspecaspest of theinvention thare igprovided andnraetds f¥om a fink arm
~s Figure 5 e N ' ' [ f i W Figure 2;
Figure 6 is %ﬁ”%ﬁ"ﬁwﬂgﬁ@@wﬁ*gf@%%@pgé@?’@i‘"&%ﬁ@?é '1?1% @agdrtggvert I cal

si de el evat icomprisess fietiblehpember adinkenambeanrigidly Gttgohed © thiadiekible one

| uti f th 1 1 . Fi 1 i i i f
have gener affeEeAE ke RN Baror st pcevaydly dimctelle af SRty es. ©
Fi gur @5 13(D)yrile® nibank GEte S3¥oRH cABRHERGS. wﬁﬁdﬂféﬁfﬁcu@iwdwme@ma%memg

apparatus for producing variable wavetength waves; Figure 14 is another
enbodi ment diie secundesrideubriiomet thedink & undeegnesrassilisiorymonemeat whishent

vent a1 a8 L el ot R S Al RGBSR e
assenbly usadthe length of the link member.
In this aspect of the invention, the apparatus includes a plurdlity of link
20 members attached along the fiexible member driven synchronously by the
ascillatory drive means to form a continuous traveling transverse wave.
in an apparatus (20) for generating wave motion, comprising a flexible
member (22), ) at least one link member (80) having opposed first and second
ends, oscillatory drive means (30, 54, 42), the at least one link member (80)
25 being pivotally attached at the second end thereof to the oscillatory drive means
(30, 54, 42) for imparting oscillatory motion to the second end portion of the at
least one link member (80), the apparatus (20} for generating wave motion being
characterized by,
said at least one link member (80) being rigidly attached at the first end
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ey SHEET 23 JANUARY 2003 WO 001 04858 PCT/ CA99100664 For J%‘é%%é %}%%’24
I on according to the present invention; Figure 17 is a cr

sectional view taken along the line 17-17 in Figure 16; Figure 18(a) is a

perspective view of a cylindrical bearing and retaining plates used in the

crankshaft assenbly of Figure 16; 5 Figure 18(b) is a cross sectional view

taken along the line 18(b)-18(b) of Figure 18(a); Figure 19 is a

perspect i ve theref toyaik fiexibleanambér @2)ahareiivharetRrBreliattip drieé niaapennect or
f or connectlgg a flexible sheet'to a beamform ng part of the present

i nventi on (4 42b1S angaged daa seeend A PORIPA UNER@ARS SRRSO vy e
chair produqﬁ,ﬁl$ Figure 21(a) is a
pl an view, bro Erog&aﬁél)gﬂalﬁ%r%g ?V%%E‘t&gs%gmeen@ga g&c}ew ce as a rudder;
Figure 21 (b) is a perspectlve Vi ew of the boat and rudder of Figure 21
(a); ~> Figure 22 shows ter mo nt_ of ve generating
devi ce¥accor di ng to the ﬁ@é& ﬁFﬁ\'} FF*'Q W@\gg cross sectional
view of an alter [ rg&gﬁ re 24
is a view al ong W%efg@ﬁgg%dé HEQérﬁﬂ ‘é?ﬁﬁ%ﬁﬁﬁqg ads?'%g‘t art{'/‘;Elf
Figure 25 i s;mevatkawyveﬂvesg:ohsmcta@mfdm@wlm tha pmsdmttdwentim weferem:e
operati on; egﬁ{G‘bsawewalo\ggallne 24-24 of Figure 23 with the
device in od&? haghto PAFFRMPANKIRG AR08 PSR’ ve enbodi ment of a wave
generating appar d or
W is'h B@?\Sﬁ@weof%%é EBnifling'd @éveag&%ggg R*)ér*éﬁ.%r

proj ection screen |gure owWs anot ST At el natt veoe of a wave
gener d0i ng Z@namedﬂmacmrddmctetwtmﬁwepmlerfstanmninnb| ned with wal king feet;

beans and a changHC ade pivagID oW oI TR beg FEwEon Bibie ol et SAEER e
enbodi ment Wi th Fipurd@ie sfyRigeéite tvrewaf meamkts hufﬂmheps Wiroug® 10} SshHownCr eat e
a mrrored projection through a bul khe
collectively with each arm broken;
Figure 4 Is a perspective view of a bearing plate exploded from a fink arm;
15 Figure 5 is an enlarged view of a portion identified as 5 in Figure 2;
Figure 6 is an underside view of Figure 5;
Figures 7 ta 12 are vertical sids elevation views of the link arms shown in
Figure 3 showing one revolution of the present wave generator.
Figure 13(a) is a side view of a wave generating apparatus for producing
20 variable wavelength waves;
Figure 13(b) is a side view of another embodiment of a wave generating
apparatus tor producing variable wavelength waves,
Figure 14 is another embodiment of a wave bed constructed in accordance
with the present invention:
25 Figures 15(a) to 15(f) illustrate a dual beam wave generating apparatus;
Figure 16 is a perspective view, broken away, of a crankshaft assembly used
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S 23 JANUARY 2003 WO 001 04858 PCT/ CA99/ 00664 DETAI LED DEZCRNPARCINODF THE
| NVENTI ON Referring first to Figures 1 and 2, a wave bed constructed in

accor dance wiodo/ousse present invention is shown generally at p2fi/cAdemoéd
includes a flexible panel nmenber 22 preferably nade of a flexible plastic

sheet and uppor.t frane 24 5 (Fiaure . Referring.to Figure 3 which
shows a pﬁf 58’3%1"”9#@"&'&‘8?‘%’? aéc%%\ﬁgntgztbgd),rg%?{g "bbéq?‘é'%ﬁbti on generated in
bed 20 is develpigg 48id8 chosdBRtIGRANIAN tAkrRRIBAD M finé NAL17 MCFiYARS 1@
series of six parallel beans 30) 32) 34) 36) 38 and 40 which are attached

at one end of dEigurebéd8fa)tis a parspsitive vievs @ffdl gylriricalubeating anderetaipingpor t

rails 44 and 46. The other epds of t beans a connected to an to idler

cr ankshaf tpq%'@éé{?@ﬂyni‘a? cm@ﬁaﬁgsg%mggﬁf%gﬁrﬁ {én, mount ed bet ween support
rails 44 and 46 0 LSt P )| 2 SO
t hat§r otati ona%‘%ﬁrte?gg(bgpy té‘e‘?f? éértt?'te §¥@éﬂ3§%\ﬁg%ﬁélhsﬁ[:o§§@?? {é‘% 1|?6r;1(tB gr'ggatéhé]f

| at eral uFigoe tB(alt novenent of each of the beans as well as angul ar

it 5 rovor -t P 15t SPBREHY A ol By bl et erud
manual |y tqf as@iineidrdét corlrecting Q'ﬂ%Qib'iE’étﬁ‘ébhf%‘ %tbe%Wfol?:ﬁﬁf{B oAk pRéséht

support beam for a notor or generator with the notor or generator engagi ng
t he crankdhedntiost its respective point of pivoting attachnent. An extension

shaft 58 is noynted in. support rail 46, which.can be attached to a

2dai i onal *banitigteadis s BRs seffinal S SleSufT Vienar v con Rrflced
gener at i ngn Aechidaee ith the frBs&RGnd&rteRs the width of the bed. Figure 4 is
~a sinplified diagrammatic representation of a crankshaft assenbly connected

"to the beans td-iguiga21(adiis eunlan view.i traken awsay, b arhvahigindivave geaeratinged
into wave 4{:&“ on_ alo the flexible sheet. A pair of bearing plates 60 and
62 respect éqeya%péu %t ed on either side of each beam in this case beans

25 30, 32 and %?UMRb%)?@Eérs‘é@cii@e dehositad Hoat bAe reitrest FijurBloalg); 62

attached to first beam ach plate 60 and 62 is shown with:-a hole 68
spad®d from t hdFigere A2tsbowsfareatiérnative iempqslimest ofaa wavekggneratig devicaser t ed
t hrough a hale,.70 Ia?cﬁa]tted ig t he.end portion of each beamand is secured in

hol e 68 i PYYPHIRY &3 INGHPESENINYEMAN heam 30 and in a hole 68 in plate 60 on

the other side miuReaiNs3ycrdss seBonARIGS 3P hAtdIBative eftboMENRY 2(a3eV\O
001 04858 PCT/ CA99/ 00664 of Figure 4 each pair of discs 60 and 62 connected

by a crankggnenating appanag.ls; hole 70 in the beam does not nove with respect to
about the. 1 ongi B EE ISATEWIORpERE 286 LaEF IGHiTCES BB tet ARNCHSAEICRAB of f set
frogythis axis pifgrOBREa® A6R albrigifie 341248 of Fightd 85 withtfle évice in operation;
Figure 26 is a view along line 24-24 of Figure 23 with the device in operation;
Figure 27 shows an alternative embodiment of a wave generating apparatus
with the wave surface acting as a moving billboard or projection screen;
Figure 28 shows another alternative embodiment of a wave generating
25 apparatus with the wave surface combined with walking feet;
Figure 29 shows an the wave generating device embodiment with flexible
beams and a changing wave trajectory; and
Figure 30 shows an alternative embodiment with the wave movement

translated through pivot points to create a mirrored projection through a bulkhead.
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5 planes that are perpendicular to the axis of rotation of23tANUARYAIRS The

crank asse 1 hown assenbl ed with adjacent crank pins ﬁ’pﬁf apart
si nce ther%%éd“g?i beans maki ng up the bank. The other ends o g%é@ﬁ“beam

in the bank of beans are simlarly attached to an idler crankshaft assenbly
48 with the differencepDETAIDEDDESCRIPTRONOF THEINVENTIQNre 3). Each of
the six beans 30, 32, 34, 36, 38 and 40 has a uni que phase so that each
beamis 60 out &Refphingdirstta Rigarés 1 and 2t imave bechconstroctetd imaceydamee Wik of
beans defines a total phase difference of 360._ On each beam _the two

beari ng pl é‘ﬂ%y%?nér’mm@fo%ﬁﬁhﬂwﬂig%r@\& at S&s%@‘étzot ipcludes aflexbleRangl at
when in op QN iS¢, : V. i al |

t he beans S‘Iril e?gﬂggﬁ?ﬁ%lgﬁ~ é%tafgﬁzl@mgt‘ﬂggt‘%%)ﬁ%ﬂg%‘ed gi ﬁ%brogﬁ%é;hgg%kmeen

t he keans. (Figgre 2). Referriag te figurg 8dvhiclke shois agortiamofthefunbiegide othetbad, ng
seven cylindri callés,haped | i nks, or g:éove rods 80, 82) 84, 86, 88, 90 and
91 connect e MaMsBIqtiog| genpiatadein be ¥y deyglopsg using avavengenRfaling and

t he under si | T rds t CYiki RAT] and
my bo 11 arPPRENAS MR Rigdih o GHRE dfii¥ BafdiF bBGR, I a2 Bus 8p, S8 dRa0 0
one end t o wHich assattacieddatiaeneridof @achobedmo cearkshattlasgenbily 42 muintéd 98
and extends away fromthe beamin the plane jn which the beam noves. Figure

I
6 shows t hdehwern SURROTHIRIE At andifbaTedtharandsiof fre e are cornrated [han i s

L ed e ) _ .

inderSi de ayeC8Bnfies SErlipahnGR EhbERold: dWER By RRAIRIHEEN S OnBHE, o,

(Figure 6) raits ¢4 anul 4&rA gedr nhatoe 64 isattanbied do erankshdfitassenibilnd23® (et gur e

e " 160 ToRha T Lo ISR Sh S Sovaeiie SR i >3

i‘”d S.t he shegbvdmedt bAeaER chfo%ﬁehsemeeéé a{léﬂ Eh"&@éroaeﬂé’&ﬁatn %ﬁﬁé‘l tcﬂ the 9ur e
. Since each pornt on each beam regardless o ape, goes through a

circul ar 7 tangehtibhBIdpBRGf 20 drivién AalE A8 TBndted/thAOD MHIe04 rvt essential frl thae
perpendi cular to the axis of rotation of the crank) the drive rods 80, 82,

84, &%) 88 thashaficopls brjtusnedmanuplinte semesfiest.cHdihalsenated thalanybeam sane

G rve roas Gancedt i AEgPRa RERrEbr i, bl Ti e WSS, ofor ESdtRel 15

i's rotated dritRpghg-ihedthmshaftidt e respédive aitof pivvingsatiachhidte! i ng wave
along the flexible sheet, see Figure 2. Wien the crank is rotated in one
di rection trans\t s¥tensivsshaftdisadodriadin suppor gail 46 sdichicarbeiattachedt he

everaee. P anaailR BaiCOTS Srlsraind Rus: AlClRba okt of ey § bERFRRRT ™ Y
undepgt 0od likaicahhe éptbad aeforsMRE Afidthasfakaey. 48 is optional but if present
does not need to be |ocated at the other end of the bank of beanms. It could

be | ocat ed anywfdgdreaktoify 2 isnpliiegt Hiagrammatise eapsesentatioy @fs aj eranksBaficed

beans are Sreuiif BEcd R BHas o mbflalar flofin & ARl iBR TR o1
under go ci rtgansiitedthiconavd htihtaong ties fexibler steetr Anpainas Bahling prRYeDE0

posi ti oned where nost conveni ent along 15 the beans and may be attached
directly toanshe2 sesnastively ane mesntethon githersigp 6f each bepm, in this cartebearmsd

boarand (FGCAAR st Mafth stafias ¥ Mathed & BelpfeRifareior AdRITTRY
function. HesarR38TBLER piate 5D@nEEDGs YHEWR Wiftea RERBB spfedifrorf thSyaiheipous! y

with a crankshaft) any two parallel beans will rotate around the other at
al | poi nt s, ofzachdbearing plateof erank Pim g4 igyinsedad thromgbamhole 70 kicatddeia the

wh bet ; t t | 1 el ali t. | f d
mbodi ment - SBRRIDRL! GAGRDEEY BRSe REPY ST ROR Gien PRERE artane goackbmmal -
g“t -out porgg ?ﬁd Y Hfe ?3 m’blgf‘edﬁ%ﬁltﬁe Isife We%rﬁﬁg. IR pfé‘%&pﬂ%@on

ropped into e cut-out portion. The nodular wave bed Insert' includes two

25 beans a little shorter than the wave bed surface with the small notor
attached to 6



one beam and crank engagi ng the second beam The nptor anm3cAEWIRYR0e3

T ocated mdway al ong the |l ength of the beans in the mddle of the flexible
pl astic shB&008858t s underside. The two beanms are connect e§CTEALRI4hKk Wit h
t he beans 180 out of phase. The reinforcing panels 100 shown in Figure 6

"ot or ot ng - ohe ¥ e PR O 0 £t B Ephricta ety & cea LA MOl ot

is used tomrwm&@eérh@o@hmmddeambIrasp%@pma@w Gthef. AVRBAAPVB Bhaft TS 8
slats can be produced as an integral part of the sheet. Sinmilarly, the

si nks ri gi dwertbmth@cm@t@rtm dla@s r p@bpumedmg!ﬁsidml axisyf shafb&6 ead sincehe
beans can ed al on e sheetb to formb5. an int e?r atled utn Thi s
Feduces t e RBE s B i He 356 he BasRare sl € Birfet o
asserbly. sianee thBe af® Pel d@énd’i@)l@r ke dhé B bf irtafios ff theObiankN THeUriank it
can be easlily transporte A support frane per se i s not reabwred since the

unit coul dawmwp&rsh@wnoassgnml%w@faqha@@nta@'anh pisneRaqess80 aapRrt since

oper at e. ose _skill.e t understand that the basic conponents
of the pre ?aéﬁ)ﬁ'érbﬁu@gq?’ép%ga‘#ewg'# "transverse wave notion fromrotary
not i on i ncl udesTRe bfHelehtd of BactkbedVRtH thankedfhRamitard dimikryBdedab one
end with the second end thereof rigidly connected to a flexible nenber in

whi ch a t r anddler seankshaft jasspmblic 68 withy ﬁlﬁﬁfﬁfl(‘@rbﬁ’mg st Botenis providedhe

bosi 05 ons. (HGTRC. FARR PR Beatts aoh 2.4 ooan And dliHad Unfhe T30 Sam
each beam Eﬁét@ﬁ@ﬁéeéﬁn iR I60ObEt SIEhadRAEANhE ARG Beai th Malbatk sBsdankt h the

ot her beans, i nt er connect ed throu h a ts‘g'z'r;chronl si ng crankshaft
whi ch fi xesf bmp Haﬁreesua tﬁteFrM§lft5@1emen a8ch trawethladwmbeawg be
flexible or sha owt 0 ch o direct

Al ternati VBH?E &ﬁgﬁggéé fé)feﬁjg Eﬁ‘??e é’hh@'l %?‘gﬁ?ﬁ?“c%?ﬂ‘?rﬁ °’bf

separate dgk¥RaffBb % ﬁ)tﬁl%ﬁfbyqﬁatb‘?%eévér? p%lrﬁro?ﬂiﬂ tﬁé%hh%rhndérr GeLliRdularor
belt interconnecting the crank positions) or any conbi nati ons thereof. As

nentisoned atnfioe wittha 603phask diffecermekbatweentthg beama. f uncti onal |y equi val ent
mechani cal |inkage is used to constrain,the be e 0S atory notion 25
is pure circul a?%’ﬂ'ﬁ S%r'? apoenia VIgW of S[%@Oeggfv\ﬁgpge &hékﬁwmsseé’teé‘
unconstr ai B?Iﬂwcf?ﬁéaﬂ’;ﬂsh%é& liGKLBK e roth 8ON82f 84 I, B Ay B9 @nhkeRA! ¥

descri bed as being oscillatory which may include various parts of each beam
under goi ngrespectively oetweempboansi 4y B d6084e82, 31 avdl40nand the ufdersidheanfpl e,

th wh d, of t b t dt d )
ot procar BabeS i TheSAdtie s neeagior b cRRtiaeR BE Gievihs et A8sied.
PCT/ 557991 0@68H A tRO88vd PR i§ b%tamk, PRRetd Abnk %dl%sa@asgbaa@w Bt fdrank

assenbly drives the portion of thé beans |local to the point of attachnent
to the cr ank/qtaﬂ raommeuﬂ aboytaqivot pcnnlt%zandx@xtpmds away duns ttheibeath inite of

e Deart AL AChER e Rt BER! ERBERChi Uik e
;ﬁeg‘e axi gebfiod SfAGLRS ‘EHdhhth"lQQM%éctéd aNSNEEREL0RBRKeNS MRidH iR xurd ©
is connected to the underside of panel 100. Each cylindrical arm is provided with
25 a slot 94 (Figure 6) at the other end thereof extending up to dotted line 96 (Figure
" 5) with the slot being wide enough to receive therein the associated beam. Panels
100 extend transversely across the underside of flexible sheet 22 and the sheet is
attached to the panels by rivets 102, best seen in Figure 1.

Since each point on each beam, regardless of shape, goes through a circular



Travel i ng waves of variable anplitude across the wi dth of 23RaNPARYZ0BI e
Sheet can be produced by constraining one edge of the sheet _runni

paral l el tovPR¥M8%gth of the beams so the anplitude increaggycégé}ggg"the
wi dth of the sheet, nmuch 10 Iike a fan. In this case the beans nmay be bent
into a cury | ! . \ i

Figare 5 1 1960) Fafere fefenElish o the BRBIGAEH s PR, e BHBHRCED. g
appar at us 82d 83085 88 mdr 8 ddinvg pivetallyl attechedd foheach beam| pilet #0theBfam84,
86, 88 and 90. The m ddle drive cod 86 and the end drive rods 80 are
vertical adlarein whichatheihaanes undeige @ropiar raotion F@Eﬁfoﬁﬁfdbeqquﬁﬁéh%lﬂév@t

di fferent . i cal . al } i i > 4hd he
ke on cdone ke HHERSthetfi o Bixn sHEsPA2: a1k Blatiha s fHiBelany c
wavel £ngt h.cifcrar @xction! of thé BedingWrested aatfalefing Wifret alond thikilewtie eheef8een

beam 40 are spaced one wavel ength apart. The drive rods or links fromthe

si x di f f er drigueeh N¥hen bejarark isse! mtonedlicgictipn frapsyerse meayes asppepsiugedt o
produce a traveling wave i.n the fl.exibl | 22 so that. a.conplete wave
Paases dur iayelas fiPptdF el e S5l Shed o arkirevSutilir-1e3 B riletiatoken
circles 11QqRé crdrlkd adehily FVEreds Bivedtion drtRe HRRERRERANENERsE Watrbtion.

nmoverment defined by the pivot points 98 during operation of the wave
gener at or. Fi guribwillba understaeshihehthe idieircrankshafi@sisemis 48 1is optéordil biibif ent

li nk nmb 25 in Fi 6 i pd. th ht, , of

ach i awi jeFenaResseLhEey t BBt LBl g Bt re It Bank fodate ol e <o
whi ch the rgibBStelidnywhefdalbAgtitd RINGACEthaBRaR as (bRE a8'ias SpacddfomitRe Shown
at the same end portion of the bed to which the notor driven crank assenbly

“42 is | ocatfist crankshiafteassembled 2nyben thasidiersrankis prasentdls beams age throed e

my b usednCagral) sppPderRk RSt et e al e oo bR TBE™
notion the mbtderiveh firsberarik ARepitly Ma9bePbsitidiidal e mbst cinvenibat alon%
understood that the angul ar displacenent is cal cul ated by dividing 360 by

t he néinber tbe beams and fewrhe aldachiegedirgndly te gnerad therhgamaraciing s aceunnart.

bet dj b . l.d, al so b d_t hat ' |
divist on of tnaiscaprapsisost Inal 1RE Bk ey &, 8Rh ané iy 8F LBy et
simlarly idffgdméntoPBEams aPll thatVisioas 8fher htRinknfay e sctPRBfsimilar &fster to

mai nt ai n synchronous notion. A regular division of "angul ar di spl acenents
resul ts in and kyotion. Fpyexamplafin thenkase Wherel tbadpeamsf areidrivenggncigonoggy 88
and 90 deteryines th mount of a ar 10 di gpl aceme of .the link. It
M1 be.andeagaseniha TR v AR bEmS ik e AR RE Mo P e pbal Penishe
Same 55 0MPONg it ahitifsk RFigihdPinebh8nidi ¥5h bOShQAIIdd BkyiSer KERlBEMaRG BwSO
that the resultant angl e approximately matches the tangential slope of the
dri ven wavebgamstycausmparatigl alignTentr el at i onshi p bet ween wavel ength and
drive rod |l ength for gons a% gﬁlitude i@ illustrated in Figure a_and
%_Sb with ~5 dri @3 e§ersed embpditients modelr waNRLed Frseraly i e RadEAMS > 1 o
eans 162 i . { i ; i |

ot opor 1 on 1 g, el b eia o GLeag ad FEFioRIER R i P

bet ween t hemay blesiropped-intpithe cLe-Ou} potiondfhe enadutls Wit heshigsértinchisleddee t he

di stance between the | nks to ¢create ve_ of increasin vel ength .in
(LB e orheamD a e, shorier hap e Meverhot MR i oAl aMo TR ARGE gt h
and link le it 1 : i R

Govi ce i t nofe Betittahd dfBhk PHASARGTY Sethd iR THe mblortrfbraneyfs Igested
si ngl e mechmidway alohgdhes terfoth bbthe bdehs inthewaiddlessflthe fleyibl plasticksheet 8a t he

wavel ength shortens and then speeds up again as the wavel ength ingreases
again, si ncls W@Ws@%ﬂﬂettwpr?e@fnsﬂf@ anagktedrie agfoek wiihdhe hramg 1@9 autof
wavel engt h, e 5 n . bl r i nse
waves W th B}r‘\ggée'l Z@% e'%n&%'\%e dgﬁ\éﬁ hgngéabsehégﬁﬁﬁg%@l'ﬁésf%ﬁ%*;& p?é;g%%%’f b§’
apparatus by adjusting the length of the |ink nmenbers, the spacing between
them on the beans and spatially interleaving the Iinks on the different
beans. 11 23 JANUARY 2003 WO 001 04858 BCT/ CA99/ 00664 The anplitude of the
transverse wave is determ ned by the crank | ength which is defined as the
di stance fromthe center of crank rotation to the point ¥ attachnent of a
beamto the crank and is equal to one half the total wave anplitude as
measured from peak to trough of the wave. Therefore, in the case of

circul ar



S nmotion with the crank assenbly of Figure 4, increasing tiealustaawe from
the center of shaft 56 to the center of pin 74 increases the anplitude of
t he wave. Wﬂioyﬁf?ﬁ?responds to increasing the radial di st ant&Mgp ‘86% at es

. .60 (62) of the attachnent point of the beam 30. Figure 14 shows an

al ternati y@ﬁ?@ﬁg B intYrafly dRth We%%e%;/@ﬂ’%&%hﬁl% wiven Jti>(:. is 8Qed

(simlar in's ure to crankshaft asse ure oi ning and
transm tt ito@rodwes thiegtlawflexite sepEortst 2brinforcingtribsndr diZts cadvebe plodoeceds 174
i ncl udes three bea 180, 182 and 184 resgecti vel y connected to beans

180" , 182" as@n indagral pad of thergheat (bighlagy.dhe dinke joigly sannectad terthe sEPReter

ds’ of . . \ . q
760 to t nes 28 pkoflly Hiahed i filjeahe iRhe gRi0cy HBRG RAkIAe Mot 6m o
| ocas ed i rart irdegitateck upht. {Tinis fédudeb| thesmaabe?df sontpoaenfsl &x begassenttied pi vot

poi nt bet \gﬁen t he bg s does r]ot el ongate the sheet. The beans and drive
rods are dNeEhYRAPLYNGA$988 Y0 si des of the flexible sheet so that the

hi nge and beansg; .dgﬁﬁt i | X1 ; @ o iely the
mechani sm canmlsse'ﬂg%g?éciem own Vgés\%s%%hslbﬁ%t Eespegi %ﬁﬁ%gh't’aﬁkéﬁmbgg gf a
more 20 cargrsportedclbagupport Tiamme epdrosie rie Mot adelqainsd asiséengihee Lhit geuldelbes on

any crank to transmt power through (multiple) hinged g oints and a flexible
sheet t hatSUpporigdian apigsegifaamasiaematieass andsstillapgrate. but al so 1 exes

coulli al't ow torTHHsE s iR, AE Wi BahERTHnd, el (HE ERscrembdfcnt M e og° on
hospi tal hsdsentaappblatisd Fert genérating Sratfsvele! Waver mefiod fr@f! iofdripImehiah )

~etc. Figure 14 shows the second bar that pivots on a common crank in a
6- beam nedheltdema rafating: canke pivotallyrengaging aHimkgnambepiah onarandiwish dbgr ees

T00H) 11 ek ke OGIAR SEnaffRito A BSBR IR ERR, PnBlont BERFRE Shat ¢
202 and t hygge @ihdecddififoutfitthe @raraciotatibne AR thé wavelength d:ﬁPbmaﬁa%QﬁeV\D
00/ 04858 PCT/ CA99/ 00664 beanms 206 and 208 to flexible sheet 22. 1t will be

unddb st oodinknigngthe plurplity of spek srankepegitienymayrba syechippeusiy cenrested di ng

to the pre t Jdnvention ul e Ve | e The
pr ogr essi otﬁ'?élfqrhgm%qr}ésas"f%?ﬁ %bg%ﬁb e%gb ﬁ)egﬁﬁat%ﬁl ‘re)% t?ﬂ’ﬁ%%ﬂg%@%ﬁ%@ﬁm e
advanci ng Sthrélaadans digihaserwiel fise ethdr \beahty WrkSall InteéicoRnbbedvAkRighdy anci ng
one full wavel ength through the entire progression back to the start point.
The fl exi bs¥hchryusing rrasksheftavhieq fixes thepbase differensest batwgendhe bepmsm

novi ng hor4 te ok t otate
8" g1 rou g, Bearhs Tfay B8, fente S7'3r BOInk| ¥ Rnk ol 467 Ik w208 8 EAERgE 0 21
as ol | asdiremiont iAlterraativep the gyadhronisingemeans etdy bargesiethicabegitel of t he
pseudo-si nusoi dal 1o wave surface. It is because each drive rod inEarts t wo
const r ai nt 8eRajate: deye naetors arh forsegied toaa FpRkpPPSitioN: 198 3 cBRinpPebelieet 22

that a wav i WM 1. Uy jpg parts, optinmum
mechani cal ﬁ’gr??%ﬁ%%@??ﬁé??We%%%mc?‘rﬁgchgﬁﬁ%%m@wpgéit@% igures 16) 17,
18(a) and 18(b)Ablhuafisidd aboRE eMiiene dn Sillee dbraRR L adeniblf 't f@lﬁctﬁ?\%ﬁlz
assenbly for a four beam bank wth a 90 phase difference between each of

t he beans equivalenbaekhameadinkagejissiseditd carmtiain the tieiams the os6illatedy adfion
sectjon of., a crankshaft 4Q0 is_shown 'th.fceur slotted segtigns cut out of
t he Zhaf t . ISERURE sFHH&q Mation, fFoTs 8XBMBIe: i itk Itigiecase @Tﬂ%d&‘ﬁ 313133& et i on

402 and t i i i ! i : ed
sect i on 403 S B Bl |dHGorBRe o RBA A 1RP eI Ry Brolay) ARty
cyl i ndri cahs dming oscildtonamdhidmmayt iacludg Ivianidus qartssefceaadmbdd® sndesgoingeach
slotted sectiqn with a Portigp oh.p%.{;lé c%rve surfac% of .inner section 410
of the beafiPh)ahiedRincateg andi@r sHlirficRl RtaRe FOL8XRMBIE. NoBe SRS PBChave a
mat ching ¢ RER s i j } i i sition
on the s ha? {\H ggtgfegi/eaﬁiia cr esdg gﬁ ltrégﬁggggé{l}gg? gflﬁgdgﬁﬁgéwgﬁggdoﬁﬁgghég g y
between the 25 shaft and the inner curved surface of section 410. The shaft
shown in Figure 16 is used in a four begm bank so the bearings are
rotationally displaced from adjacent bearings by a 90 phase difference to
give a total of 360.



Referring to Figures 18a and 18b the end of beam 424 has a&3caNUARYt208%EcCti on
422 and a bearing assenbly 408 is held in the cut-out section by being

cl anped 13 WO 980433\UARY 2003 WD 00/ 04858 PCTI CA99100664 bet'\’/%%‘ﬁx‘l%““
retaining discs 426 by fasteners 428 through holes in discs 426 and the

beam Wth ¢t bearin S { h - gure 16)
and coupl ef F(gsso'i'a%ns@@ ﬁﬁé:%w hogqrﬁrg,?é)e@ﬁ@?ﬁ%%ﬁbﬁjs{aﬁﬁ%&@é%&&Ebgg)tﬁ? he
shaft and ipapein efithe Béahiabelas thepoihl Of Attickingsnty ee drahk g airéwgspathd Wi th
respect to the outer 5 section 412 driving each beamin a_circular orbit

about the defthisexampietheeenstiginad eadsetitheddearss HBERIOR ferinsaeatingdRAtionei ng

90 out of it . e i i hey,: rat,i

aoparat s POR Ge Bk Aingh BEA SYunagaEms Bl Gigef ntDA @ thRhiane
descrg bed %Ms@ahliﬂ?ip@béﬂdi@htahtd%l@@sﬁoﬂrﬁtéthﬂ vitie prodeided fansiense wanes, 1t
wi |l be appreciated by those skilled in the art that nunerous variations of

t he i nvent ii@thergxiple shegk whi ch still fall within the scope of the

through a smal | AGE0 Ty G5B EnPlyEg SRS e St tudfeinl' et
than rigid danthes pradiiedl by c6RARRING AL elBE dPREBhedhtthring bBRIeS toMhé f i es
the design and reduces the 15 part count. Referring to Figure 19, the beans

32' are at tlengthof the beams sothegmplitude iriceeagasiacgpssdhb avidthDi the sheebbmuch

connecting t he beans,to flexible sheets, 22. Slots 142 are t out .of the

beantind 5 P 2HeD; LT PRF TGS fravi o Renbisto 451 Slohgdhe dfepHid o ne

grove to fQiaeAravel asisPBwH ih Hig\fesly connecting the spring nember to the
eb

beam |In operation as th eans are driven the springs 140 flex and the

- beans 20 essent iFagung Hillustratabooe peniedaifiacivade gengratedidpthenddve generating t he
‘igid b b il i.bl £t ] i

chai n or t cPREIBENd Ak beteiats Rasibies SHE RrYR0H B0E HntE Eand ks
at the cranjg | Ham&-drwaemalmgaaletn e dald rdd L8R8 wdiaeh é?¥?@ﬁ in

contoured to follow an 2s anatom cal feature to produce tor exanple an
er gondnet r iKighieg 5 and batdhile theveowining links bre atedifierenhangles fidm thereerticalwoul d

i d t oni face.. The b be flexible t N
D var | abi e 66 ceeRan RS q ARl e, ThE InkS So AR achEres han arapBacd bV or "
wave travelga di3eirRerddil totHd GeNiRdANavaleNGINe FePakdmpRN i Figeirés iaRdas; are dance

with the 14 23 JANUARY 2003 WO 00/ 04858 PCT/ CA99/ 00664 present invention
i s shown gewgrliakimerabersd9 ombean 49 araskaced ongwiavelengtivaparh dhe drivetrogerti on

. The b . , | ] h d
or ovi do. back TAS o sin Sigbert FpagisredBffrieated She i phéne etal S nh
driveg by alo%éd&er‘?ﬁﬁ@élin@%év@n%é‘?lé)@blet;il%nbhﬁ 56 A BicoMpfte Wi pdsaeki gure

4. 5 Because each point in each beamstill undergoes circular notion
(r egar dl essdwingi eachs fidiprotation obithel cnagksiaft assembly k2 ekhedbrakentirckasc k10 est

and al ong the . segat portion 134 aof .chair 13Q. The chair coul I b
const 1 uct ecIG GoREE points 113 RAreacit e SRR RovaBenhaetued by theans
pi votally c‘go&ﬁ‘;dt 5 i@f[ghgegr)&tﬁgﬂfﬁpgyaﬁgn Q?ﬁ'les\%vé’gfﬁ%ﬁ@'. corresponding to a

backrest an e seat portion the chair. The crank and
not or can be | odaigecksat td h2 showdhalindividnatpositionsoofntheafifféreat tiomeettersf

b d idl ks, | ocated at the f ds of each bank of beams. It
wilt e | uRARUES SRNEHaPVETRNG e YR PRIRA. Lt erBbheteadh QAW IS aifaoss ks,
ith th j ; f - ! ikt i beb

Under st oot 150 thaElreSRFf FEARR, Yenldr 6 i (dunich The ARG inky S by o

t o gener at erefgrenbed agaiadt. Theerossesol20 drewhioan, at thy samé eadpodtion sfetlhebedry to
inpart rotary novenent between the notor driven crank shaft and the idler

cr ankshaf t . toawhigh the materdnien gank agsemply 44 isdecatadt abi | ity when both the
beans are aligneg. t it j . edr | k

wi |l not necessaﬁ e}lé,er?r&%atﬁfgeerﬁﬁé&wgﬁ gﬁ %’fcj)thgo é‘ﬁ%ﬁﬁ%@& @%‘é{%’ggﬁgﬁ’“m@t he
two beam system 20 is aligned at the point of instability, the nmechanism
may | ock up or the idler crank nmay counter-rotate. fn a systemw th at

| east three beams the beams are never all®ali gned and are forced to renain
parallel, hence there is no point of instability. Figures 21 (a) and 21 (b)
show t he wave generating nechani sm of the present invention being used to
construct a self-propelling rudder 222 for a propul sion 25 systemfor a
boat 224. The self-propelling rudder conprises two beans 226 and 228 with a
drive notor and crankshaft assenbly 230 driving the two beans and producing
si nusoi dal wave notion on flexible sheet 232 connected to the beam 226 by
at |east two drive rods 234 and connected to beam 228 by at |east two drive
rods 236. A notor nounting beam 238 is connected to boat 224 for supporting
the notor 15



pe

23 JANUARY 2003 WO 001 04858 PCT/ CA99/ 00664 and crank assensliNUARSI00df t he
fl exi bl e sheet is subnmerged in the water and al so acts rr- wth
t he rudder“@ﬂ?méﬁsotally connected to boat 224 at 238 and ﬁgﬁﬁﬂggggg?ed by
a tiller 240. The motorlcrankshaft mechani sm 230 is |ocated above the water
line so thatpQithy nidyebd Dsén. FRoPExBhIS tdn Rtk bedinid HRY $RE tdgéﬁe%fe fre S
mnimze drag. Applications include all those in which propellers are used
in water, wave orotionHbe studs il be atyan englei aftP0}. Thergfere itamk Hesundetetood

constrained in that the,.shape of, the ve j s npt. nec i Ly sinysoid

cinoe the b Hauladcisrincinnt iscSalbad PutuRGRR: DY ge Rt oun
on one en %iréd'&aﬂx@%‘dﬂ}@thé*ﬂ@@iibecfél@uﬂ%r%plfd&?néhtfﬂe‘iwééﬁ adfuckREbMHE.
distorts. This can be an advantage in the case of a propul sion system based
on t Be pr e shoultaateo denrotaditihgt areirtegslaridivisioprafangsilardisplacementse wiiilee
takes on a_shape of |east.resistance to the water sp.that, K norge of the wave
ener gy goefseaﬁl%ﬁ)eec‘f’\")f“?%ﬁﬁ'%?cﬁaﬁ"@'%ﬁ. “'r?ﬂP@rﬁ@&ﬁ@egpﬁn%9@%&\%ﬁe’{’ﬁ|§t can
vary in sh | { ke ki i i i f . i 2
Shous. 5 neg e dn il o fBirRaAphRrEEIAOIGR. R Bl Shvisied Jr Higfar?, o,
when t he ddigplaeementprsalts mga régularespaciresofdivks. 306 f or med bet ween t he

coni qurat  on  hoe WER ned ol s Y andpddefamiasinamroalohanaudat
t he jheatl ur gisBlackhfif &F i Ak R b Bhderstbd! el The Gbmfi Bive! 3y R4 R0 306

can be 20 varied al ong the wave pa y conpressing or deconpressing

the fluid aemberarfer fo thenparas Swmponents: UTie feHh dfathiesdivd red e Mipknig
through a flexible tube could be achieved for exanple by replacing flexible

" sheet 308 detefmined sadhgt hergsidtant grglerappeoximalgly matehepinedangential slope t he

present in i rOM j I w@¥g I any
flexible neﬁ@tgr&g'ﬁg' \?és{\}%gfa@eé@ﬁ(gng%r ﬁ(gggjlea&#é)bggg%slﬁggg g rZ%@Png
transver sedwey esd frgtildbn cadtast avaplitade is Woseatedhia Mgue d34 tandbtdte asthnove
up and down while the waves npye in a direction at right angles to the

di r €6t i on 8Fve IRdsArdplmemress 196 sopnegiingdlexibigghect g2ite bgamsgl Gdanthib4m

anar e 16 Mol DR OB E I s B oB P BB R o BocteEREln BRGH o)
from the wefthesdriiearodst160angdi thetdistanceobetiveeh the liakdiitrRigure 18(bpihel drivieanks.
To produce transverse traveling wayes multiple right an Ié@ﬁr@% ections from

the e br@%ﬁ%éﬁ’”@t}efbi3§cﬁqeﬁgt_h6|cﬁiﬁt@§°%fbeé\f?%Iﬁ%r‘ff‘kﬁrtg SRR
riven by |6aloid falsendiion A88HI Bl 4o TR APl 1Ro FARIBRT B8 loreac

| i nk menber pivot € beami1s 1n a plane

or t mmgonal waxekhgtt aihd {inie lemgtts witkiamplinadeatdradining dorastahtr Reils®shows hoavel of
the transverse wave travel and the other being}parallel to the direction of

t Pe wave dRgteiasHHtea XA Wovelengthialongits length grmiae sanerated fromea sinalct i on
of ave L dthane 1PRLIGHPSIEL AR Lo VRIS SR8 Boluh, FERFLBLLRAGHY ™!

t he | ocus novenent o IS projectioni1s-a
circul ar. Bh@uers 22d sHenvepaeds uipraiin as ﬂ‘&i’mvelbﬂ?tﬁi itieasdd aghitvreince wifid, 92
0

and 88 collectively constitute the projection t he wave surface 22 to the

di stal pi vevepoium obthe sgrankdagnvage moes ahgad by eneiwavelengibawhaleventhe are

a sp ificgﬂﬁ%ﬂ?\@{ constructing a rigid projection fromthe planar surface
of tfe wav&RGrT2ce. For very small anplitudes) (a) relative 15 to the

wavel ength (W), ThefsfoMrabéithd teansverse whvaswitie pesddiected weweRingtt-fiay be
anplitudes a<wl 10, typical of beds and chair applications disclosed herein,
the | ocus ipsodimediusing e presrntapoaeatus by adjusting therdenatheofdhe tink membeara, wi | |
produce a pseudo-.si husoi d ve, 1.0 other wor not, exactl v.a sinysoi da
have bt ndveserane BEREheT ine Seind She ABA0I PN RELRR Y kT Y,

| ar ger rel gifferentBedmanp! i tudes, the crank nust 20 be driven through a
non-circular arc at a non-linear speed otherw se distortions of the wave
surface becone too large to naintain a functional wave profile. The
nonlinear rotating speed becones necessgfy because, for |arger anplitudes,
the end of the projection wilt nove significantly faster at certain tines
inits phase trajectory than at other tines. The fact that a projection of
a wave surface goes through a 25 point where the | ocus is pseudo-circul ar
and at a pseudo-constant rate of rotation, within limted ranges of
relati ve wave anplitude, is key to the functioning and limtations of this
mechani sm The drive bars (two or nobre) are optional. They are means for
synchroni zing two or nore cranks that are in phase wth one another and are
probably the 17 23 JANUARY 2003 WD 001 04858 PCT/ CA99/ 00664 si npl est way
of driving several of these cranks froma single source. A single crank)
when driving a planar drive bar, effectively provides a very conveni ent way

. - v o T




wave nmust follow a prescribed path unl ess sections of the 20aMéARY&003
‘decoupl ed. A gearlnotor could in principle be attached at every crank
| ocati on aw 8/0d8S8r oni cal | y synchroni zed to generate the wRE/CA%9/00664
t hi s~enbodi nent there may be a flexi ble wave path. The cranks may al so be

led with belt chai thereby dri\ lo f ot
Wil al'so be unds SRMAHAT U franReerap aven s A= REBIReACRY 1 BraRFeRNBIom, o

conmon cr awhgga& tdeﬂh’ﬁ&@é%@‘biﬁbh&é?ro‘?@ﬂﬁe 8éMteP bE ERIMICD AN Edr %ep?]oiﬁtebfat ive

wave anplitudes so that the i1 ndividual bars may be driven through nore
preci se | oattachmnientrof albeans foctbe cramivandiseqizhtocoredialtthedotaFoave ahipijtude

power ed) high anplif{ude wave, 15 pr.o | or thisg configuyration wopuld be
preferred. a%é‘?eé‘}r;ﬂf?fi)#i)ﬁ‘ Wﬂ%pego‘i%h Bg{%‘)"a&% jﬁﬁfﬁ%%ﬁ?%ﬁ C33¢ 9 ﬁ%‘gﬁ'rus f or
genegat i NgmaRYR ithithe chHK ARBMEATBE FibUS, ifcraHaNG 1S AR cEYrath R ntdine

vari abl e anplitude wave generati'ng device includes flexible sheet 602 in
whi ch t he of ahaft&6sto they eenter efdrin el b fremteaSes they aoiplitudez ohthebwavs. T8¢ and
606 have several ljnks 608.each 2q. pivotally attach one end thereof to
The beam afRresRTASI0 McTeRIGIBragiRLosfarke Aon Biaba0B2: of e lerment o
sheet 602. &ggoﬂh@qﬁaaﬁpgoare spaced al ong -each beamw th the spacing of the
| i nks det er ning the wavel ength of the transverse waves generated in sheet

602. A gear not Bigud 04 shows gndilteretive ensibdimehbefra wave bad withe crankshdfas a
. .The mechani smincludes a vari | i.tude 25

rotary output drijve 612 [ hl e a
cr an1l9yrrech ﬁ%ﬁ?'ynﬁouéq'ﬁﬂaémp?tﬂ-{cé“r@lt@ Cr"?@'i“ﬂﬁ?‘ IBEARYY é? Ly %’Q}E}g;ﬁ)ﬂo'ﬂm%e 612

of the gea 1 t Mg A
_bearing pl é?%%% é@gé@t‘é’%gﬁ ?‘%Bg‘%ﬁa‘%@eg"t"ﬁsz%m én%ggg'a%%i dg'ﬁrggﬂ'[se‘l\rﬁ
channel 62ihchidesiiicedbedava1 801682 hntt184Fbebctivdly donpecRdiib bedsiz 180h4aapi ng
419 |l ocated in _a hole through beam 606 and plate 616 is free to rotate with

res pecéI t oapédftsioset 186. 1dies crapksarey bedecaler abheustber exsts cheashobasuof at es
614 61 ' , in 6 ' i
ot ar e e, PlekBid shderti B saffieBeatbyRidic s TRRBME eob LIRS 5 '

defifes a FhexiPPINLS frer cranksiafot801s (pbateesin e pliné dflthe \ekibld Sisgt @2 t o
each other. Plate 614 includes a hole in the center of the plate and a

| ocki ng pi o4& flexing aldhe pivptPeintibetween the heamsdagsiad efanaate fhe sheatent er
hol es of e ] i i i .

Locki ng pi ?‘gé% %ﬁﬁérﬁﬁ%@}%ﬁg%ﬁe égﬁga%dégd F)h?ﬁer: @? g@? %&tr{éh@xgﬁé%%%rﬁot he
pi at ~s. Retieatithenpirgeemd bearhs yiotroot interfeee @ith thé déxibRlshdet.cAlteinativety theal

hol es 634, 636 and 638, 1 arge, enough so | ocking pin 628 can be jnserted in
each hol e. MAFEANISTRCAN By dowh asiEhopning gﬁ‘%sﬁ?}ﬁﬁéﬂt’wm 2Hme%ch

Ch oot o CBHiPR FackeBiFo, ARG MBS HSlindl? e RlgaPSOR dtiytrdnitfo shovn
Fi gur es 26 tranem#t owdrethrough (nultiple) hirgedt joants aed seflexible siwet tiwtabtionly he

sheet 602 is adjusted by pulling on hand riﬁ 630 to retract pin_628 from
the center PRRAIEAIRY am%&eeﬂoﬁgﬁsg?{wthv%ﬁ't sa TigxRsearonad hingeRoiRts, d hiseean

So plate obs THLAEL ™A, Wabd AREBRES &P GRS FoURLAISFIE freBea 13 Higde =
defined by upivar$2@. a Bagk %u@Pﬁrtiés fsOF dush hbspitel beesst @ inedteatéd s (e gur e

23) lines UR wi th one of holes 634, 636 and 638 in plate 614 (Figure 24)

af t e25 whi clskpich @28 2 sedlining ehair,iete.drighee hbisbowh e Bgconsthamibat pwolsi en es
toget her. Upon rotating 20 handle 622. bea ivotg with respect.to beam
504t 0. pr oA ROERSNAUATKIRA BrREAT BIPSTARIS 1R Dearpe T aeeha AP GETAE KU g

dependent pen J0hictfediOhat RabAir BrlabdreBL B, L 1 the center hol e

plate 616. The noré handle 622 is rotated the greater the anplitude.

Fi gures 25 and ZJéegirogreisaioned Figuye dbéajko db(f}llustratetadyal bpam systesh at 200 eases
in wave amplitude. Wien, gear t Qr 0 i,S, en ed th 5 output drive,612
ot ee. borpPMRISTias RIS SiHnkcal 267 apd TS e o8 s 20AgannE RN, FaCh 06 i &

non-concentric with respect to plate 614, plate 616 rotates in a circle
about the rotational axis of output drive 612 which produces circular
nmotion in that portion of beam 606 about'?the hol e through which the shaft
620 passes. AN points on the beamtherefore undergo circular notion. Since
beam 604 is al so connected in the 19



23 JANUARY 2003 WD 001 04858 PCT/ CA99/ 00664 sanme way to shemtlABORYAIOheam
"606) all points of the beamare forced to simultaneously undergo circul ar
notion as RO with a phase difference relative to beaht §647%W6¢4at
transverse waves are generated in sheet 602. The enbodi ment of the variable

ampl || ude wuaKss 9651581 0IJTRERAI SR 2190 Be T a8ad IntOraSiipRRL

I ncreasi ng cran O acni eve | ncreasi n

waves. Theogbibkolvavegendratingdppavatugicaoedipgito the msénaneemfdn weuld eavend
rotating one relative to the other._It will be understood that various

other net epdstweegriverods on gash heam.ctheprogressiomiustsaterdronkFigwre 15(a)dmows a

i th e VD sBawE g B 4kl hPadS eBFHEREe PRMBR AeleB BBl noe o

Proj £ct i ORyififthReNavd Bl VEhdiftg one Yl @aoeléagahrwr&@ri e é}ﬂfrglptrégﬁebﬁoﬁ'b%@léc'[ i on
of a noving inmage froma static im Coating the wave surface with a

hol ogr aphite thestart peiot dhesflexible §uh@|8992 iinegpeked ay 240 dheeby canstining iésul t .
Fi 28 sh th t d 510 d with wal f eet
T5OR05 20 R it na el o Bk S PN Bokp e v i bebihs Moialk 2 Lot on
of the tr%vr%hta?euwmsm.&mgcat%@m HBfeclibhOvh thBerdabiki skbdtesd walll 8d2

represent projections of the wave surface to points of contact to a surface
such as t limpgrtingnal sichieeequrl foithe sootkect tangestial Figle mitbe meudotsmusoldahe
direction of wav t the ﬁo int,of contact ,and reverse {ectl n as

theyllift W?V&nsfjﬁac%uﬁf'ﬁc EcaiSGi Rgeh idrive; B4, IBaks Wion GOBY AP METiGalr type

of movemeniefioBtidhas Hellef d1pelto me\fextweaweéet 33 Giak 8 @&émetdeﬂemteéent
wave generating device 520 provided with flexible beans 522 and 524 and a

changi ng weithe & maipiseuror9f NRIVING 9aBts, momranrrechemlﬁalt efficiensyodindelaastt a
wave generati para at 540 with the wave novenent translated through
pi vot poi Hpgctg)aﬂ&cq‘?gompieﬁtg a 25 mrrored projection of the wave through a

bul khead. 1t V\"F*l%uﬂé@ 16nqi¢rﬁ6(9p;§hd 98(b) ARBtratd & Fé?e#r@d bhﬂ)o@%eﬁmta drBgke is

trenmendous fl exi %;ml n how t he basic aspects his invention can give

ri sdsto a shaftyasseody ngfeuebeapnémnklvettearﬁeﬁphesﬂ dlﬁemwﬁpﬂhﬂean iean ofind
bossi bi | 1 {NESDEES In 15 Lt Reters08 Pae boho petia st A8/ goB Seclon of a
crankshaft 400 is shown with four slotted sections cut out of the shaft. Each slotted
cut-out section includes a curved slotted portion 402 and two straight shoulder
sections 404 on either side of the curved section 402. A cylindrical bearing
20 assembly 408 with an inner cylindrical section 410 and an outer cylindrical section
412 sits in each slotted section with a portion of the curved surface of inner section
410 of the bearing assembly seated on the curved section 402 machined to have
a matching curvature. The bearing assembly 408 is maintained in this position on
the shaft 400 by the crescent shaped retainers 412 being inserted between the
25 shaft and the inner curved surface of section 410. The shaft shown in Figure 16 is
used in a four beam bank so the bearings are rotationally displaced from adjacent
bearings by a 90° phase difference to give a total of 360°.
Referring to Figures 18a and 18b the end of beam 424 has a cut-out section
422 and a bearing assembly 408 is held in the cut-out section by being clamped

13



Therefore, the foregoing description of the preferred enbadisaswiRy 2693 t he
“invention presented to illustrate the principles i ntion
and not to‘bﬁﬁ’(ﬁ'ﬁfggghe invention to the particul ar enbodi nen?élnFngsl?dragfed. I t
is intended that the scope of the invention be defined by all of the

enbodi mentyetREER KRG FERhiNG HRicE 4@6tt§iyefafs€édé?§\4428 tiefoagAthofstdintdisds 426 and

equi valents. 21 23 JANUARY 2003 THEREFORE WHAT IS CLAIMED I'S: 1. An

appar at us tie@bpafmoWVithethebearing asaemblystQ8oattachedto the stapftAda (Figuse d6pander
(22), at |eas e | ink er (80) havi.ng o jrst secqnd _ends,
boct 11 at orspulad B heam e e hé thoto? chites SRREIED (bide 1Bkttt Sndo)

bei ng piv iBadidi i 4 10®tSERS W 1 4L itH b/ drive
nmeans (SO?ﬁﬁ%d&Hg‘?ﬁﬁpﬁﬁ%arti ngélgsci Pf g?g?%lé}rﬁ;{g??‘o# v?i(t) {éﬁg@é@%ﬂg}%&@%@é

por t§ on ofsectien &t12| dravinng eaeh beakn imearccul@80yhit abmutdpe xeatarof (e pebdng
generating waye notiop being characterized . sai d at |east one |j.nk
nmenber (8(9“%95?9\(50 I"i‘egBﬁW ‘ﬁ'ﬂ? gaf geamsiiging gfs(’s?“'éﬁc?h@ﬁ@r"\é t“?cpfg%ﬁ ng
flexible Fé%ﬁ'r (22), wherein when the oscillatory drive nmeans (30, 54, 42)
i s engaged the second end portion undergoes oscillatory notion which
produces transWhie theawease igenelratingl appardtas fengenere®®) wales ihbedy whaas us
(20) accor ne |i er s a

di tg claiml1l wherein the at |east o i nk me 80)
plurality Qﬂ‘{] ?’i%&kﬂé?ﬁ?epﬁe(‘ scgbed 8%‘,da§@,9tr§@,d wih rgspectaioqt Bé%?’f‘fegai d

oscid | at or ki : n Ak [ ity of
| i nll‘<d m&*nbef%hs\g‘%eé%ﬁoé)er Zﬁpgﬂﬁ 3%6?%" Cfag%d %Wﬁgt ﬂ“lgér?/ g‘g ¥Heéét% ﬁv@%m\@& gtgween
each | i nk variations tod the dovardionr magves seader ahichi stilj fath weithin thé lseopé @fithée

-menber (22). 3, The paratus according to claim2 wherein the oscillatory
Toti on of IHetascaRReBRg el ERT IEKAR rRRsAUpB Ahe 93@8 galy rigot througipa 92)
isin a pl | W gﬁ;ba-x s &b | [ 1 el
to a di rec?ﬁ%%%g';]‘é\;\gﬁg?tmggqu Ea% ebvcl)tﬁh@ér%%'g gﬁ'“@ﬁﬁg%&?@%ﬁaﬁ? gﬁ\,'[k e
di recti on gifotatly eotmerted tocthd beanal. This futher sitnplfidsithe designand redsdegithance.
4. The apparatus accor di n%s’;o clains 2 or 3 wnerein said oscillatory drive

neait® (30, pahcount) Refesingofiguiecif. dhe heamsd2 arg attachedianibs@0indiexible

10- OS- 2b00 6 ‘ [ i i 2 4
wher i ot ONEHIBRBER famerelly GRS Heodile Shatigoabiofs fha”
(2~). 6. Tare cupparditivebasmaindl HbrdckeCdatitioh d 44/o Sy indenbes dibiigineéttedr i ve
tr~eans (54 i ncludes a crank assanbl ~r t42) having an axis of

r ot aL i on, inﬁ%fh%a)jgmeép forns fricliendit Sheyaby aeeaattingsthe gzr)ng?@@mm\ip rtbead
o & . . . . 9
being at t oA i Salib el A i plc> Gl BF Fils PG it dgine”

posizbi on, &syemtiaihapiotabaatitierircledseiopnaon said at | east two beans (30,
32) being offset fromeach other by a presel ected angul ar di spl acenent,
wherei n the pl ubdditiegalyt the kg fiHeRas away spaceeplagedn§ysai fexple powert wo
el ongat e 1 i j i I d at
its secongﬁ en %gﬁni %@ht %ge:agbo tgr Hdsm%ésr?cre;gﬁgeg@ r@gg@]&dghg S&ﬁ%@ébﬁﬁ%’ﬁe
osci | | at orgriving Wee lindesnest thy mednilolocatidns.dri ves the at | east twt~ el ongate
beanms (30, 32) ﬂ.th an effective phase between each other so chat
v

transverse travEh§ fioRgaledeanss gnddlidkie; shashenay beasontpusedolocfallewhap (22) .
7. e app | ' ' . I ) 1S
rot -zg? abl e %&Fﬁgc%?%%[é\%! l’sag)rgﬁg&%gﬂ& %g?gbgéﬁ\?\n@&é\gﬁfeﬁc l&é%\?cﬁ’gﬁfg (\yﬁr\{‘é{% n when
sai d crankwhRpERE planapfiéabliresmbEOREUI PPovid @S bhABniicA BaNSIBSUNREThare
produced in said planar flexible nmenber (22) in one direction and when said
crank asseheamsmay be fexibtestodallaw aniasiableocvid pathrineithemnaxis parpendicstanay es
are producg)(rj i[} saitdaplfanar &I exli bl e nmenber (22) in the opposite direction.
8. The app QF ST rai‘ﬂﬁv? N¥f'ains 6 or7 wherein said |ink menmbers 80)
82, 84, 86) 88, R@ferrifiglto FiGlreN20 Ca WhvRS ERGE CYRsthREH th akbvighEe With the

wavel ength is proportional “to the effective length, and wherein the |ink
menbers pivotally attached to any one team are spaced from each ot her one
wavel engt h apart and positioned relativeg,to the Iinks on ail remaining
beans in a preselected interleaved spatial configuration to produce
transverse traveling waves of 23
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wavel engt h apparatus aCCOrding to clainms fi, 7 pr $drhcloydéege a bed
frame (24,w220,0/05%§, said oscillatory drive neans (30 b4, 42) Ftg‘elyng
supported by the bed franme (24, 4.4, 46y and said pl anar Fl exi bl e nenber

(22) bei ngyragbhi inlventiry is! sHowh g@né:@nwam@v@vvhvﬁob BacK rse pbitionat 3aMd ko i e
upon. 10. The apparatus accordi n8$t oclaim?9 erein the planar flexible

menber ( 223eadpodrijom $34 nEhe heam036,~148,8150, 862, 964 @) 1©Q)ar@|genmdi¢ Lof
| d trud t 11.
Do oo SRR Brolide Baek s BRERe o el el B P G b A BB 05
is attach Byg d%i/efrﬁé’éiarﬁém B8Rl ha%ﬁ’sbﬁh@%oﬂd M Fﬁ rdyyay
e By e 7960 q}.'l

sl ang the beans.” 12. The apparatus according to clains 9,
| ncl &di ng aecamao@rmlmtdh@acmb@am aﬁbtmdﬁrgoqsm)culanmomo«y&egmmesg ofite at

I tott b d f t3. Th J
acoor di ng PRE) BTSN WeYs I RELCRICAMtR BB LACK 1 AP AN L POBR and
said cl ankw&aﬁehéw 1(362)rhar&a%t é&ﬂ@%d Betda%sﬁ&cﬁeeasﬁﬁﬂémg: {ApEd a7oqne end
portion of said elorvgate beans. . The apparatus according to claim13

i ncl udi ng Iéngut&amwtb\rtheIMDaetsoéhdxams&)vcaalb,ecmmpclett mge&rem%mmrge séteofat
I t ot beam& & d d k bl I .oth
o o o A cEP AR T b Mo A a8 b CRRAPE Bl B e

9,1Gp 17, inz?eéu?anwanduﬂotbﬂéaw&obﬁ@dcmhé b@b&ﬂ)ﬁoﬁﬁédﬂ%n Of ROV §&ts
circular rnation, and wherein ail of said fink z-~ AVMENDED SHEET 10- 06

2000 23 Jreflrmoandids coarvedosaiad At thefree radeoteantt kank ofbepmsq liavill bengt h

“vlvel engt R dstoRRandlihE mefodmay BB RARbeq Rl 1 e hBuen, o
chair fra”@rank@ﬁemtgaf@?érréd ﬁ?‘é?ld@’eﬂﬂ?ﬂﬁl@ (22) being supported by the chair

frame and being sufficiently large to forma wave support surface for a

user to sit arildwikde nnderptmd By thd’éwshb@tanmms aacthat dniygtwoobehmsaré6
whererin said, at, feast Lwo beags (,1%5I 148) 152, 15 are curved to
proYPde a QaMredolo; I6RCRIS 45YNGREPTHZ d’I(a‘Ieeé‘EOt t‘IQIII‘PV@ie ree beams are

necessary to impart rotary movement between the motor driven crank shaft and the
idler crankshaft. A two beam mechanism has a point of instability when both the
beams are aligned. In that position further rotation of the drive crank will not
necessarily cause any rotation of the idier crankshaft. When the two beam system
20 is aligned at the point of instability, the mechanism may lock up or the idler crank
may counter-rotate. in a system with at least three beams the beams are never all

aligned and are forced to remain parallel, hence there is no point of instability.
Figures 21(a) and 21(b) show the wave generating mechanism of the present
invention being used to construct a self-propelling rudder 222 for a propulsion
25 system for a boat 224. The self-propelling rudder comprises two beams 226 and
228 with a drive motor and crankshaft assembly 230 driving the two beams and
producing sinusoidal wave motion on flexible sheet 232 connected to the beam 226
by at least two drive rods 234 and connected to beam 228 by at least two drive rods

236. A motor mounting beam 238 is connected to boat 224 for supporting the motor

15



1 ~. The apparatus accordng to claim 17 wherein the oscil|ztJoNyARK200® neans
and the cr aRl ogeamegd! y ors connected at one end portion of pdgcheAigeand an
idler crank (48) 1s located at the other end portion of the beans. 19. The
apparatus according to claim lc~ wherein said at feast two beans includes
at (east aahdrcsanicasserhblipedosinafithe flexibixdieehR82 is sultrnerheskih thé watermantenber s
(174), all of said first set of begm nenpers defining a first Support

section an@!sg acty@sshryfddes withthe dudder %%‘aﬁivﬁﬁlﬁéﬁ%'“ﬁéﬁdrﬁor@% R4-H4B8
support Se%ﬁ'\ﬁ% tJb%réﬂeH %& astyﬁp?ﬁé 'ﬁf'ecﬁbgﬂ/c('a%ﬁ%lftsec r'?(( ?%ig)lé %Eggeo?bl €

and | ockab respec he secon

appar at us aee0s the\gatep Ilﬁé 8b thatdnihidiedhin flelifblé Eh&dt m&%he%@d incdrdep tcd
backrest section (132) and the second support section is a seat section

t 134)5. 21. nnnmagpeammhmmcﬂgde all tosenim whichgpropelieraiase disad Sxwater,
oscillatory. dri rreggs and said crank assenbly (180) interconnects said
first and gc re'?' P beans (17%, 174) at a pitrotaf connection between
the two seta of Agtem vith AMAIRER I Tnde? SondhhHEY iP B8 1HOSABEBP A
009900664 2z. The Tapparatus according to clains ar 21 including a first
| dl er crankvavesierratyecessarily singseidahsince thegbeamsfarestotﬁn'cedﬁnﬂoapara(lleg& at

d h f d d I k I 43 ,
"t o1 conneclBNgeRh B uenig i & Sk and ofthe et & e'atheddnd s andn o
t he ﬁeoa”dtﬁ@Wa% JISBAE. THI3- ca-ﬁ*’tfé aﬁ%waﬁw@eaﬁqeé @88 df ﬁo%gmfonléyéfe 1$)

19, ~D, 21 or 2~ wherein the planar flexib nmber (22) and |1 nk

($0) E2, 8bdasesd onstBe meserﬂzwa\aa gener@éngfdepmsﬂna mndulsm\ suﬂtekadherWMruded
,as a one plgkce inte rat eﬂ UCtsi éﬁt ratus ﬁgc ar di ng to

dl ai s f|, &roka QPEO L{e§isignge.Qdne %e {06 0L (e Wave GEe9% ngat e

t ans. Toes BRI pRARASIH. "4 Brd ueegh&éambﬁbmﬁmaaa@ irétpape dri Ye

nmeans (230) is m~unted on a support frane nenber (238) connected to a
tiller (244ndanplitadbngdtseditastion frayel. and wherein said flexible nmenber

232y.d d f d bea wh d.
Connbisted to o BElTSELAYS FRYEHENsr e aice A0 rent Ko g Badne* ' °
flexibl e meygyrfafl GReén e d6\icd @%p@%t the sHities Qoa‘p?‘;’en@%??ex. b{;@m»v@t er

and traWeling transverse waves produced along said menber
(232) pr ovifideible rmembsaren, BOBGanO“ htheg}ﬂptarszmrfaseamueshwxy\ tthecivaver 26 thiser ei n
said oscillat driv

dt K nbl dt
the two beanbaalianiha Vstem &\‘R&y" B o5 o PRI Vo CoTHanabSaPiES
accor 6 ng_gatooTeiduro8rat) dug T380) AU BieneBkfidd Bl s cBhhe

fl exible spring cCmeéctors h attached rigidl'y at one end thereof
to tee pl anarief latongihe wendmth(tﬁéretambnmresmag@rUecompcbstsrrgmefﬂmabaam
associ at ed el ongate beamoé' ;Ju and V\/nsrel n . each s Erq nn xes at
an ef f ect i A Y &QMAIBTIA q 146U WOBN ?H’%‘ag‘ﬁd%”'%?' ht %19?’1%3‘35 ®r, 2s
AVENDED SH at us
according 5ok b aegueil amb by RpIa ARt IR 200 vih  PoRoReee:

f1 exi bl e neftizzefofd0ZWill beaapgpreciatenf thatlthkl presantdinvantion movsdeﬂad waat of i ,

mrrored surf ce and ection.screen The a aratus C to daim
M her ot n tieGead TSVt fiaep 158y Tkin® metiesabin axt peliehis pgnar
mat epd al t gHeRtPuNped t her et hr ough.
Traveling transverse waves are defined as waves in which the wave
disturbances move up and down while the waves move in a direction at right angles

to the direction of the disturbance. The transverse wave generating mechanism

comprises a flexible member defining a wave surface and at least one right angle

16
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30. The apparatus according to Clains 5, 6) 7 or 8 wherei re3phdPARMNZ00T r s

{512) fro@&hddgis ve pasitior~s on the planar flexible nerggicio9ngsssuPport

surface produce a wal ki ng notion of the apparatus on the support surface.
31. The apparatus according to clainms B, 7 or 8 wherein each eldrtgate beam

(522, S521prdjastion (fHKS)Tam thelvave suitfacd RAPIvotiRG bBR of Atthshrnemt 18 Lldexied pat h
in either axis _E‘;arpendl cular to thp traj ector?t/_ of wave travel. 32. Tfie
i

appar at us Cegflsr b pepduse Fanpyerse trapeking wavesmultipleyighs apglarrojestions oay  and

fl exi bl t ~ COF: foll } cal

rof i Te. efoREParaRbrEipSRaS BpES b atdmidhe 8 SACaeBlR B R s or
Surface. pgal drafks PRI Giciatcty aRitidintd thedefd PortiBn ®F edcRlinlBmehfiee bivotdlly bear ns
ate flexible following a varrable curved patty in either axis perp$ndi cufar

to the tr aftachastip the brardsin awlane definetiy erthnacnalisxes sdihenraxis being ns 6,
1% 5% bifebylo wh sk ol patbrtRuabiind B sh o et Rl >

i ncl udes pagdll_N the SraEtioh dfané Wava distrbaneé whithety @efinitistflis\Weesetidicdidre crank

assenbly includes adjuStnerrt neans for providing a crank I'ength adjustnent
bet ween t kethet direstion of waye teavél.second el ongate beatt~s for adjusting an

S0 08 2000 23 I RRUMBIRYBE TR BEoublt sk e et R TR, S PkLR L,
cl ajgm 34 wRieRidht bh@\eaéﬁdﬁé%dfgﬂihim oA iR st cifculhs Figlire\22 shodfstthist14)

t
and a second drive plate ( y e2~ch having an axis of Totation) the first
drive pl amost&ledriyodn rikigune il cilgmantsat®R.do92 @and 88 coldle¢tded) constithie the
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A {3 . A3a<u1d typifERof-rdd arf chdiPappitaiort distlosBdARFER) locus is non-
circular, therefore a crank driven in a circular path will produce a pseudo-sinusoidal
wave, in other words, not exactly a sinusoidal wave but nevertheless functionally
equivalent to a sinusoidal wave. For larger relative wave amplitudes, the crank must
20 be driven through a non-circular arc at a non-linear speed otherwise distortions of
the wave surface become too large to maintain a functional wave profile. The non-
linear rotating speed becomes necessary because, for larger amplitudes, the end
of the projection will move significantly faster at certain times in its phase trajectory
than at other times. The fact that a projection of a wave surface goes through a
25 point where the locus is pseudo-circular and at a pseudo-constant rate of rotation,
within limited ranges of relative wave amplitude, is key to the functioning and
limitations of this mechanism.
The drive bars (two or more) are optional. They are means for synchronizing
two or more cranks that are in phase with one another and are probably the
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20 pivotally attached at one end thereof to the beam and rigidly attached at the other
ends thereof to the flexible sheet 602. The links 608 are spaced along each beam
with the spacing of the links determining the wavelength of the transverse waves
generated in sheet 602. A gear motor 610 is rigidly attached to beam 604 and the
motor has a rotary output drive 612. The mechanism includes a variable amplitude

25 crank mechanism including a plate 614 rigidly connected to output drive 612 of the
gear motor 610 so that plate 614 rotates with the output drive. A bearing plate 616
includes a shaft 620 and a handle 622 and a center channel 624 extending down
the shaft. Shaft 620 passes through a bearing 419 located in a hole through beam
606 and plate 616 is free to rotate with respect to beam 606.
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ln shaft 620 is shown engaged through the center holes of each plate so that the
sheet is flat as shown in Figure 24. Locking pin 628 includes a hand grip 630 for
retracting the pin from the plates. Referring specifically to Figure 26, plate 614
includes several holes 634, 636 and 638 large enough so locking pin 628 can be
inserted in each hole.

10 When the plates 614 and 616 are aligned concentric with each other by
locking pin 628 engaged in the center holes of each plate as shown in Figures 23
and 24, the flexible sheet 602 is flat. Referring now to Figures 26 and 27, the
amplitude of the transverse wave generated in the sheet 602 is adjusted by pulling
on handgrip 630 to retract pin 628 from the center holes of plates 614 and 616.

15 Once the plates have been unlocked and can rotate with respect to each other,
handle 622 is rotated so plate 616 rotates with respect to plate 614 about the pivot
point defined by pin 626. Plate 616 is rotated until its center hole 624 (Figure 23)
lines up with one of holes 634, 636 and 638 in plate 614 (Figure 24) after which pin
628 is inserted into the hole thereby locking the plates together. Upon rotating

20 handle 622, beam 606 pivots with respect to beam 604 to produce a wave in sheet
602 with the amplitude of the wave being dependent upon which hole in plate 614
is aligned with the center hole plate 616. The more handle 622 is rotated the
greater the amplitude. Figures 25 and 26 show increasing crank offsets with
proportional increases in wave amplitude. When gear motor 610 is engaged the

25 output drive 612 rotates bearing plate 614 which also drives plate 616. Since plate
616 is non-concentric with respect to plate 614, plate 616 rotates in a circle about
the rotational axis of output drive 612 which produces circular motion in that portion
of beam 606 about the hole through which the shaft 620 passes. All points on the

beam therefore undergo circular motion. Since beam 604 is also connected in the
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discs off center and rotating one relative to the other. It will be understood that

various other methods may be used for achieving the same resuilt.

Figure 27 shows a biliboard device at 500 using the wave generating device

disclosed herein with the wave surface 502 acting as a moving billboard, mirrored

surface or projection screen. Using the wave generating device permits the

production of a moving image from a static image. Coating the wave surface with

a holographic motif produces a visually interesting and eye catching result.

Figure 28 shows the wave generating device 510 combined with walking feet

512 so that in operation the device essentially “walks” in the direction of the

traveling waves indicated by the arrow. The walking feet at 512 represent

projections of the wave surface to points of contact to a surface such as the ground.

The endpoints of the feet 512 move opposite to the direction of wave travel at the

point of contact and reverse direction as they lift from the surface, giving rise to a

walking or caterpillar type of movement in the direction of wave travel.

Figure 29 shows the present wave generating device 520 provided with

flexible beams 522 and 524 and a changing wave trajectory.

Figure 30 shows an alternative embodiment of a wave generating apparatus

at 540 with the wave movement translated through pivot points 542 to create a

mirrared projection of the wave through a bulkhead.

It will be understood to those skilled in the art that there is tremendous

flexibility in how the basic aspects of this invention can give rise to a very broad

range

contai

of possible embodiments and applications and that the embodiments

ned herein are only a few among numerous possibilities.

20



210% & ()-3L010%& ()- ()2))) O +dEmb@-! ! s!10%& ()-Y$10%&J(ABIUARY2003
1109 ()-s! 1098 ()- Y 109&' ()- , @AO%& () - ++*, ~ - aBnb & () -
C110%& () WOPUYSEE ()13 1098S& () - 4M 109%& () - S$10%& ()-t- %’C‘”ﬁé‘%ﬂb@ I
&s10%& ()- $, 10%& ()- @ ! 109%& () -

1109 () - 10%& 0 /c93'§9

7t 109%& ()-. 9! 13%; ?%l gﬁ%@%/ﬁgﬁiﬁ? ﬁ%ﬁgf mei%f% 5"b:§’(d 'mer(')tﬁag?f(t)31111143
33xY:/ 10vahtkm/t{\£$ béen presented to lllustrate the prmcuples of the mventlon and not to

39" $10% e, 109 10% & | 0 3 310‘V 0 4: 5551 7:
2011+ 1 004t 15 ingntion Sbng paticylar aRadbignk st i fitenged et the
. 10% & R VLB & ()-
& 10(V§ & E% s 1%9/%'7%6?‘8%%%((&? 779@%&66@&%&3}%{6&1& dsdcth Wi
4 16% & (Inef DUOWNE dlairdarkDieR dquivalet®q ( & ()

-P10% & ()-&9N10% & ()-:::::::6<=_=

10! 9y$10% (& ()-!4y$10% (& ()-!10% & ()-3" 109% & ()- 10( 10(
10( F7s10% & () - ==>W?AA0BzX6_ =
10! FY($10% (& () - ']3Y$10%{(& ()- @k3Y$10%(~(& () - @3Y$10% (& ()- @
y' 10% (& ()-G 10% & () - oBBCCDDDDDbC 10! FY(:310%& () - F" F109%&' ()- 10( 10(

21



I

10(sY7s10% & ()-. M 10% & () - FY($10% & () - D- DEEE7TFFAEDC 10! F¥{ januaRy 2003
L' 109 ()- 109% ()- &10%&' ()-S$L0%& ()-

T110%& () - Y" 109 () - 4FFGYGGGVHE A?bC
10| 3M 109%&' () - Fl & 109%&' ()-! @&B10%& () -3

91 109%&' () - ! i) % JJJMEbC 10! ) s10%&' ()-
Y3(g10%(&') ()- Y& !%‘8%&( &@é?o@&@?%?%w ()-$109%& ()- JOKKLLLLLLXxMbC 10! 3"

10% U& ()- 10 10 10

75100 ()-1 ' | 10% 0 NO#P Pz X61bC
Tore Sosaue ()- &5%%7@% @) W densrafied Y‘%’L e 'b%‘)?PLRJE' N9 a,fexdbl9 o UF U (
)-110% U& ()mérﬁaES( L&izléaﬁtb@lé-ﬁ’r'lk MWSOL&%!% §-obpokEHSirét and-sé¥nd

ug ()-!X $10%JU& gés 0%US ()-yF $109%J yUUUUUUU WK_= 10! 10
S$109% (& () £8ds, %IM@ r(\oe@?am@fif@ Qs.-@)ati@wt&ewtor@hmk menberd80p3710%

oot (& ()- Pore el ptabied g gocirsheid eredt 0 merdtiidon ity bupelos
10% & ()- 1Q80,1%4, 4D)forlidiatting osciVatbdpdriotion)to th€S206fd &nt)potidn of tH atE{ \ =
10! 3LS10% & ( e?st one link member (80), the apparatus (20) for generating wave motion being
characterized by;

said at least one link member (80) being rigidly attached at the first end
thereof to said flexible member (22), wherein when the oscillatory drive means
(30, 54, 42) is engaged the second end portion undergoes oscillatory motion

which produces transverse waves in the flexible member (22).

2. The apparatus (20) according to claim 1 wherein the at least one link
member (80) is a plurality of link members (80, 82, 84, 86, 88, 90, 92), and
wherein said oscillatory drive means (30, 54, 42) synchronously drives said
plurality of link members (80, 82, 84, 86, 88, 90, 92) with an effective phase
between each link member to produce transverse traveling waves in the flexible
member (22).

3. The apparatus according to claim 2 wherein the oscillatory motion of the
second end of each link member (80, 82, 84, 86, 88, 90, 92) is in a plane
defined by an orthogonal axes, with one axis being parallel to a direction of
wave travel and the other being perpendicular to the direction of wave travel and
parallel to a direction of wave disturbance.

4. The apparatus according to claims 2 or 3 wherein said oscillatory drive

means (30, 54, 42) produces circular motion.
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10<710%& () twel eibmgdts ¥afs (30, 32) each having a crank attachment position radiafly
offset from said axis of rotation and being attached to said crank assembly (42)
at said crank attachment position, said crank attachment positions on said at
least two beams (30, 32) being offset from each other by a preselected angular
displacement, wherein the pluraity of link members are spaced atong said at
least two elongate beams (30, 32) with each link member being pivotally
attached at its second end portion thereof (o its associated beam, and wherein
the oscillatory drive means synchronously drives the at least two elongate
beams (30, 32) with an sffective phase between each other so that transverse
traveling waves are produced in the planar flexible member (22).

7. The apparatus according to claim 6 wherein the crank assembly (42) is
rotatable in the clackwise and counterclockwise direction, and wherein when
said crank assembly is rotated clockwise traveling transverse waves are
produced in said planar flexible member (22) in one direction and when said
crank assembly (42) is rotated counterclockwise traveling transverse waves are
produced in said planar flexible member (22) in the opposite direction.

8. The apparatus according to claims 6 or 7 wherein said link members 80,
82, 84, 86, 88, 90, 92) each have an effective length, wherein the wavelength is
proportional to the effective tength, and wherein the link members pivotally
attached to any one beam are spaced from gach other one wavelength apart
and positioned relative to the links on alf remaining beams in a preselected
interleaved spatial configuration to produce transverse traveling waves of
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10. The apparatus according to claim 9 wherein the planar fiexible member
(22) and link members (80, 82, 84, 86, 88, 90, 92) are made of plastic and are
molded or extruded as a one piece integrated structure.

11, The apparatus according {o claims 9 or 10 wherein said crank assembly
(202) is attached to the at least two beams (206, 208) substantially midway
along the heams.

12.  The apparatus according to claims 8, 10 or 11 including at least one idler
crank assembly (48) interconnecting the at least two beams spaced from said
crank assembly.

13.  The apparatus according to claims 9 or 10 wherein said osciliatary drive
means (54) and said crank assembly (42) are attached to the at least two beams
at one end portion of said elongate beams.

14. The apparatus according to claim 13 including at least one idler crank
(48) assembly interconnecting the at least two beams spaced from said crank
assembly (42) located at the other end portion of said elongate beams.

16.  The apparatus according o claims 9, 10, 11, 12, 13 or 14 wherein the
cseillatory drive maans praduces circular mation, and wherein all of said link
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16. The apparatus according to claims 6, 7 or 8 including a chair frame, the
planar flexible member (22) being supported by the chair frame and being
sufficiently large ta form a wave support surface for a user to sit and recline

upon.

17.  The apparatus according to claim 16 wherein said at least two beams
(136, 148, 150, 152, 154) are curved to provide a seat portion (134) and a back
rest porion (132).

18.  The apparatus according to claim 17 wherein the oscillatory drive means
and the crank assembly are connected at one end portion of the heams and an
idier crank (48) is located at the other end portian of the beams.

19. The appatatus according to claim 16 wherein said at (east two beams
includes at ieast a first set of beam members (176) and a second set of beam
members (174), all of said first set of beam members defining a first support
section and all of said second set of beam members defining a second support
section, the first support section (176) being pivotally movable and iockable with
respect to the saecond support section (174).

20. The apparatus according to claim 18 wherein the first support section is a
backrest section (132) and the second support section is a seat section (134).

21.  The apparatus according to claims 19 or 20 wherein said oscillatory drive
means and said crank assembly (180) interconnects said first and second set of
beams (176, 174) at a pivotal connection between the two sets of beams.
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of beams (174) located at an end portion of the second set of beams.

23. The apparatus according to claims 16, 17, 18, 19, 20, 21 or 22 wherein the
planar flexible member (22) and link members (80, 82, 84, 86, 88, 90, 92) are
made of plastic and are molded or extruded as a one piece integrated structure.

24, The apparatus according to claims 8, 7 or 8 wherein said at least two
elongate beams is two elangate baams.

25. The apparatus according to claim 24 whergain the oscillatory drive means
(230} is mounted on a support frame member (238) connected to a tiller {240)
attachable to a boat (224), and wherein sald flexible member (232} descends
downwardly from said beams, wherein when said apparatus is connected to a
boat (224) in a body of water a portion of said planar flexible membrane (232) is
located below a surface of a body of the water and traveling transverse waves
produced along said planar flexible member (232) provides propulsion.

26. The apparatus arcording fo claim 25 wherein said oscillatory drive means
7 and the crank assembly are connected to the two beam substantially midway
» along the beams.

27.  The apparatus according to claims 1, 2, 3. 4, 5 or 6 wherein said link
members are flexible spring connectors (140) each attached rigidly at one end
thereof to the planar flexible member (22) and at the other end thereof to an
associated alongate beam (32'), and wherein each spring connector fiexes at an
effective pivat point (146) between the ends of the spring connector.
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1 planar flexible member (502) Is any one of a billboard having a visual motif,
mirrored surface and projection screen.

29. The apparatus according to claim 4 wherein the flexible member (308) is
an elongate flexible tube for material to be pumped therethrough.

30. The apparatus according to claims §, 6, 7 or 8 wherein projections (512)
fram effective positions on the planar flaxible member to a support surface
produce a walking motion of the apparatus on the suppart surface.

31.  The apparatus according to claims 6, 7 or 8 wherein each elongate heam
(522, 524) has a curvature along its iength thereof to follow a curved path in
either axis perpendicular o the trajectory of wave travel,

32. The apparatus according to ciaim 31 wherein the elongate beams (522,
524) and flexible member (22) are contoured to follow a person's anatomical
profile, and wherein the planar flexible member is an anatomical support surface.

33. The apparatus according to claims 8, 7 or 8 wherein the beams are flexible

following a variable curved path in eithar axis perpendicufar ta the trajectary of
wave travel.

34. The apparatus according to claims 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32 or 33 wherein the
oscillatory drive means includes a crank assambly having an axis of rotation,
and wherein the crank assembly includes adjustment means for providing a
crank length adjustment between the at least first and second elongate beams

for adjusting an amplitude of the transverse traveling waves.
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axis of rotation of the first drive plate (614). the second drive plate (616) being
pivotally attached to said first drive plate (614) at a position radially off-center
from the axis of rotation of both drive plates and including locking means {628,
630) for locking the second drive plate (6186) with respect to the first drive plate

(614) in at least one position.
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