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TECHNICALO FIELD

O TheO presentd inventionO relatesO generallyd toO latchesO andO closingld mechan
isms,0 andd mored particularlyd tod anO improvedd magneticO couplingO deviceO su
chO asO canO bed usedO tod slowd downO andO quietlyd stopOd al doorO atd ald prede
terminedd positionO relativel tod theO doorframe.

BACKGROUNDO INFORMATIONDO ANDO DISCUSSIONO OFO RELATEDO ARTO

O DoorsO tod roomsO typicallyd haveO all wellO knownO latchingO mechanismO toO ke
epd thed doord closed.d ToO openOd thisO latchingO mechanism,O it isO necessary
O tod turnd al doorO handle.O O However,O oftend doorsd tod cabinetsO orO closet
s dod notd haved al latchingO mechanism.O O O Insteadd merelyd pullingd onO al
doorO handleO typicallyd opensO thesel doors.Od O A0 differentO typeOd ofd mechani
smO 1sO usedd toOd preventO thesel doorsO fromO inadvertentlyd opening.0 O TheO c
ommond named forO al deviceO thatO holdsO al doorO closedd or opend isO al "doo
rO0 catch™.O Thered ared fourO commonO doord catchO designs.d O Thesed are:0 spri
ng-loadedO hinges,O ballO detents,d rollerd catches,d andd magneticO catchesO wh
ichO havel al magnetd mountedO toO theO doorframed andO al pieceld ofd metall att
achedd toO theO door.

O 1td isd notO commonlyd recognizedd thatO itO isO veryOd desirabled ford theselO
doorO catchesO tod alsod haved somed meansO toO absorbO energyd fromd ad closing
O door.O O WithoutO anO energyd absorbingd means, thed doorsO slamO againstO a
O stopd andO tendd tod bounceld opend unlessO theyd werel closedd carefully. 0 OT
wol magnetsO exhibitingO eitherd magneticO attractiond ord magneticO repulsiond
lackO thisO energyl absorbingO property.0 O Twol attractingd magnetsO tendd toO
accelerated al closingd doord andO decelerated and openingd door.Od O TwoO repell
ingd magnetsO dod theO opposite.Od O In0O eitherd caseld thered is0O nod energyd abs
orption mechanism.O O Non-latchingd doorsO withO simpled magnetsO wouldO tendO
tod bounced openO unlessO theyd ared closedd withO al narrowd rangel ofd energy
0 thatd cand bed absorbedO by somel otherd means.

O Somed knownO door-latchingd mechanismsO includel magneticO repulsionO told slow
0 ad closingd door.O O O However,d magneticO repulsiond isO elasticO andd theO e
nergyld isd returnedd tol al doord if0 thered isO anyO bounce.

O Ford example,d Unitedd StatesO Patentd 5,782,5120 disclosesO all magneticO fiel
dO latchO assemblyO ford anO apparatusO havingO a0 firstd elementd andO ald secon
dO elementd withO theO secondd elementd having all disengaged positiond andO an
0 engagedd positiond withO respectOd toO theO firstO element.d TheO magneticO fie
1d0 latchO assemblyd employsO permanentd orO electromagnetsd forO shockO absorpt
ion,0 positioningd andd latchingO thed firstO elementd andd theO secondd element
.0 TheO magneticO fieldO latchO assemblyd includesd magnetsO associatedd withO t
hed firstO andO secondd elementsO suchO thatO asO theO firstO andO secondd eleme
ntsO approachd eachd other,O thed magnetsO initiallyd repeld eachO otherO causin
g0 alb brakingO forced toO slowd thed relatived motiond ofO thed firstO andd seco
ndd elements.d WhenO theO firstd andO secondd elementsO ared in0O theO engagedOd p
osition,d theO magnetsO holdO theO firstO andd secondd elementsO in0 positiond a
ndd minimizeO vibrationO andd chatter.

O Unitedd StatesO Patentd 6,588,811 describes all magneticO door stop/latchO w
hichO containsO ad firstO magnetd mountedd onO ord withinO a0 doorOd andO al seco
ndd magnetd mountedd onO orO withinO al structured opposingd thed door,O suchO a
sO a0 wall,d doord jamb,O doord frameO ord baseboard.d Whend theO doorO isO movi
ngd towardsO thed opposingd structure,d thed magneticO doorstopOd mayd bel usedO
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tod preventd theO doorO fromO slammingd intod theO opposingd structured byd virt
ued of0 theO repulsived forcesO of0d theld magnets.d TheOd magneticO doord stop/lat
chO mayd bed switchedO fromO repulsived configurationd tod and attractivel confi
gurationd thatd holdsO thed doord in0O position.

O TheD foregoingd patentsO reflectd thed currentd stated ofO theO artd ofd which
O thed presentd inventord isO aware.d Referencel to,O andd discussiond of, thes
el patentsO isO intendedd tod aidO ind dischargingd Applicant=s0 acknowledgedO d
utyd of0 candorO in0 disclosingd informationO thatd mayd beld relevantOd toO thelO
examinationd of0 claimsO toO thed presentd invention.O However,O itd isO respect
fullyd submittedD thatO nonel ofd thel above-indicatedd patentsO disclose, teac
h,O suggest, show,d ord otherwiseld render obvious,O eitherd singlyd ord whenO
consideredd inO combination,d theO inventiond describedd andO claimedd herein.

O TheO inventionO describedd hereind absorbsO energyd andO changesO thed energy

O intod heat.O O ThisO isO all non-contactd devicel thatO canO gentlyd slowd al ¢
losingO doorO andO quietlyd bringO i1td toO al stopO atO al predeterminedd point.
O O Furthermore,O theld inventionO describedd hereinO cand bed usedO asO al non-c
ontactd magneticO braked forO otherd applications.d O Also,d theO inventionO pro
videsO all non-contactd magneticO couplingO deviceO thatO tendsO tod seekd andO h
oldO aO predeterminedd relativeO positiond ofd twolO component parts.

BRIEFO SUMMARYDO OFO THEO INVENTION

O TheD energyO absorbingO magneticO couplingd deviceld ofd thisO inventiond provi
desO ald non-contactl magneticO devicel thatO exhibitsO bothd magneticO breaking

O (energyd absorption)d andd magneticO positioning.d O Oned applicationd ofd thi
sO deviceO is0O a0 doorO catch.O O TheO deviceO cand slowd downO ald closingd door
,0 bringO thed doord toO al gentled andd quietd stop,d andO thenO holdO thed doo
rO0 atd al predeterminedd position.

O TheO physicalO principled behindO thisO deviced isO thatOd al properlyd mounted
O magnetd (ald rotaryd magnet)d willO rotated whenO itd isO translatedd acrossd t
hed fringingO magneticO fieldD ofO anotherd magnetd (al referencel magnet).O O 1
fO theO rotationO ofd thel rotaryd magnetd isO impededd by all substantiald amou
ntd of0 frictiond or0d viscousO drag, O thenO magneticO forcesO betweenO theO two

O magnetsO willO resistd theO translationall motion.Od O ForO example,O theO rota
ryd magnetO assemblyd canl bel affixedd tod al doorframel andO thed referencel m
agnetd cand bed affixedd toO theO upperD edgeld ofd al door.O O TheO kineticO ene
rgyd of0O thed closingd doord isO convertedd intod frictionald heatingd withoutO
anyd physicall contactd betweend theO twoO magnets.O O Furthermore,d theO twoO m
agnetsO willO seekd tod holdO theO doorO atd theO predeterminedd pointd of0O clos
estl approach.

O TheO preferredd embodimentd hasO ad cylindricall rotaryd magnetd mountedd inO
ald cylindricalO cavity.O O Thed cylindricalO magnetd isO diametricallyd magnetiz
ed.0 TheO cavityd permitsd theO cylindricald magnetOd tod rotate,d butO thisO rot
ationOd isO impededOd byd al viscousO materialO thatO causesd al substantialO amou
ntd of0 dragOd onO theO rotation.O O TheO rotaryd magnetd canO translatel alongOd
all predeterminedd pathO relatived toO thed referenceld magnet.d TheO twoO magnets
O dod notO makel contact,d butO theyO havelO al pointd ofd closestd approach.O O
Translatingd alongO thisO pathO exertsd al torqued ond theO cylindricall magnet

0 andO causesO itd tod rotateld insided thed cavity.Od O TheO viscousO dragd onO t
held cylindricall magnetd extractsO energyld fromO thisO rotationd andO convertsO
thisO energyd toO heat.d O WhenO thered isO thed properd amountO of0 drag,d the

O orientationd of0 theO cylindricall magnetO resultsO in0 a0 magneticO forceO th
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atd opposesO relativeld motiond andd slowsO downO thed door.Od O TheO magnetsO wil
10 alsod stopd theO relatived motionO atd theO pointd ofO closestd approach and
O resistd movementd awayO fromO thisO position.

O ThisO inventionO alsod teachesO theO used ofO all biasO meansO thatO canO align
O theO rotaryd magnetd toO thed optimumd orientationd ford maximumd energyl remo
val.O O O TheO biasO meansO canO bel eitherd al gravitationalO biasO ord all magn
eticO bias.

O 1t0 isO therefored and objectO of0 thel presentd inventiond toO provideO a0 ne
wO andd improvedO non-contact deviceO thatO cand gentlyO slowd al closingO door
O andO quietlyd bringd itO toO a0 stopO atd ad predeterminedd point.

I1t0 isO anotherd objectd of0d thel presentd inventiond tod provided all newd and
improvedd a0 non-contactd magneticO brake.

AO furtherd objectd orO featured ofd thel presentd inventiond isO ald newO and
improvedd non-contactd magneticO couplingd deviceld thatd seeksO andd holdsO a
predeterminedd relativel positiond ofd twoO componentO parts.

AnO evenO furtherO objectd ofd thel presentd inventiond isO tod provided al no

O 0Ooo0oooao

velO energyld absorbingO magneticO couplingd device.

O OtherD novelO featuresO whichO arel characteristicl ofd theO invention,d asO t
ol organizationO andd methodO of0 operation, O togetherOd withO furtherO objectsO
andO advantagesO thereofO willO bed betterd understoodO fromO theO followingd de
scriptiond consideredd inO connectiond withd theO accompanyingd drawing,d in wh
ichO preferredd embodimentsO ofd theO inventionO ared illustratedd by wayO of0
example.O I1t0O isO tod bed expresslyd understood,d however, thatd theO drawingO
isO ford illustrationd andO descriptiond onlyd andO isO notd intendedd asO al de
finitionO ofd theO limitsO ofO theO invention.O Thed variousO featuresd ofd nove
Ity,d whichO characterized theO invention,O ared pointedd outd withO particulari
tyO inO theO claimsO annexedd tol andd formingO partO of0 thisO disclosure.O The
O inventiond residesd notO in0 anyOd oned of0 thesed featuresO takenO alone,O but
O ratherd ind theO particulard combinationd ofd allOd of0O itsO structuresO forO t
hed functionsO specified.

0 ThereO hasO thusO beend broadlyd outlinedd thed mored importantd featuresO of
O theO inventionO in0 orderd thatd theO detailedd descriptionO thereofO thatO fo
IlowsO mayd beO betterd understood,d andd inO orderOd thatO theO presentOd contrib
utionO toO theO artd mayD bed betterO appreciated.d ThereO are, ofd course,d ad
ditionalO featuresd of0 thel inventionO thatO willO beO describedd hereinafter(d
andd whichO willd formO additionald subjectd matterd of0d theO claimsO appendedO
hereto.d ThoseO skilledO inO thed artO willO appreciated thatd theO conceptionO
upond whichO thisO disclosurel isO basedd readilyd mayd bed utilizedO asO al bas
isO ford theO designingd of0 otherd structures,d methodsO andd systemsO forO car
ryingd outd thel severall purposesO ofO thel presentd invention.O I1t0 isO import
ant,d therefore,d thatd theO claimsO beO regardedd asO includingd suchO equivale
ntd constructionsO insofard asO theyd dod notO departd fromO thed spiritd andO s
copel ofO thed presentOd invention.

0 Further,O thed purposed ofO thed AbstractO isO tod gived al briefd andd non-te
chnicall descriptiond of0 theO invention.O O TheO AbstractO isO neitherd intende
dO tod definel theO inventiond of0O thisO application,d whichO isO measuredd byO
theO claims,Od nord isO itO intendedd toO bed limitingd asO toO thed scoped ofd t
hed inventionO in0O anyd way.

O Certaind terminologyd andd derivationsO thereofd mayd beO usedO in0O theO follo
wingO descriptiond forO conveniencel in0 referenced only,d andO willO notO beO 1
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imiting.O Ford example,O wordsO suchO asd "upward,"O "downward,"d "left,"O andO
"right"O wouldO referO tod directionsO inO thed drawingsO toO whichO referencel
isO maded unlessO otherwisel stated.O Similarly,0 wordsO suchd asO "inward"0O and
O "outward"O wouldd referOd tod directionsd towardd andd awayd from, O respectivel
y,O thel geometricO centerd of0 al devicel or0 areal andd designated partsOd the
reof.0 Referencesl in0 theld singulard tensel included thed plural,d andd viced v
ersa,d unlessd otherwiseO noted.

BRIEFO DESCRIPTIONDO OFO THEDO SEVERALO VIEWSDO OFO THEDO DRAWINGS

O TheO inventionO willO bed betterd understoodd andd objectsO otherO thanO those
0 setd forthd aboveO willO becomed apparentd whenO considerationO isO givenOd to

O theO followingO detailedO descriptiond thereof. SuchO descriptiond makesO ref
erencel tod theO annexedO drawingsO wherein:

OFIG.0O 10 is0O ad perspectived viewd ofd ald doord andO doorframed withO thed two
O componentsd of thed energyl absorbingd magneticO couplingd devicel ofd thisO
invention;

OFIG.0O 20 illustratesO al magnetd andO theO orientationd of0 thed magneticO fie
1d0 lines;

O FIG.O 30 isO all schematicO viewd of0 al stationaryld magnetd andd al rotaryd ma
gnetO translatingO perpendiculard toO thed magneticO axis;

O FIG.O 40 isO al schematicd viewd of0d all stationaryd magnetd andO rotaryd magne
td translatingd generallyOd parallelO tod thel magneticO axis;

O FIG.O 50 isO al perspectiveld viewd ofd anO energyd absorbingd magneticO coupli
ngd deviced utilizingO al sphericall rotaryd magnet;

OFIG.0O 60 is0O al perspectiveld viewd of0d an energyd absorbingd magneticO coupli
ngd deviced utilizingO a0 cylindricald rotaryl magnet;

O FIG.O 70 isO aO perspectived viewd ofd thed preferredd embodimentd withO al cy
lindricald magnetd in0O ad cylindricalO housing;

O FIG.O 80 isO al cross-sectionald viewd of0 thed preferredd embodimentd shownO
in0d FIG.O 7;0 and

O FIG.0O 90 isO al cross-sectionald viewd of anO embodimentd whichO utilizesO a

O multi-polarO referenceld magnet.O

DETAILEDDO DESCRIPTIONO OFO THEO INVENTION

O Referringd tod FIGS.O 10 throughO 9,0 whereinO likeO referenceld numeralsO refe
rO0 toO likeO componentsO inO theO variousO views,O thereO isO illustratedd there
in0 al newd andO improvedd energyl absorbingO magneticO couplingd device.

O ThisO inventionO perhapsO hasO itsO widestO applicationd asO ald non-contactO m
eans toO removeld energyd (i.e.,0 slowd down)O al closingO doorO andO holdO the

O doord closedd in0 al predeterminedd position.O O However,O theO principlesO ta
ughtd hered haved widerd applicationd tod otherd usesO requiringd non-contactO b
rakingd andO non-contactO coupling.0O O Therefore,O thed exampled usingl doorsd s
houldd notO limitO thed broaderO uses.

0 DoorsO tod roomsO typicallyd haveld a0l wellO knownO latchingO mechanismO toO ke
epd thed doord closed.O ToO opend thisO latchingO mechanism,O itO isO necessary

O tod turnd al doorO handle.O O However,O oftend doorsd tod cabinetsO orO closet
s dod notO haved al latchingO mechanism.O O O Insteadd merelyd pullingd onO a0
door handleO typicallyd opensO thesel doors.O O A0 mechanismO is0 usedd toO pre
ventO thesel doorsO fromd inadvertentlyd opening.0 O ThisO mechanismO isO often

O calledd all doorO catch.

O 1t0O isd notO commonlyd recognizedd thatO itd isO veryO desirabled ford doord ¢
atchesO tod haved somed meansO toO absorbO energyd fromd ad closingd door.O O Wi
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thoutd anO energyd absorbing means,d ald doord wouldO tendO tod bouncel open un
lessO theO doorO wasO closedd veryd carefully.Od O TwoO inflexibled magnetsO lack
O thisO energyd absorbingd property, andd therefored theyd arel notO usuallyd u
sedd toO holdO doorsd closed.d O TheO magneticO closured mechanismsO thatO are(
usedD typicallyd haveO al rockerd mountingd whichO absorbsO somel energy.O O Sti
11,0 thesed arel contactO devicesO thatO ared abrupt,d maked noisel andd onlyOd a
bsorbd ad smallO amountd of0 energy.0 O 1t0O isO therefored desirabled toOd havelO
ald silent,d non-contactd mechanismd thatO removesd theO optimumO amountO of0 ene
rgyd fromd ad closingd doord andO holdsO theO doorO in0 ad predeterminedd closed
O position.

O FIG.0O 10 is0O ad perspectived viewd of0 al slightlyd opend doord 190 andd theO
upperd partd of0 thed doorframed 18.0 O Thed purposed ofd thisO figured isO just
O toO illustrated al typicall placementd ofO thed non-contactO magneticO couplin
g devices.Od O Permanentd magnetd 300 (ind phantom)O isO recessedd intod thelO do
orframe.d ThisO magnetO is0 al partd ofd thed energyd absorbingd magneticO coupl
ingd deviceO thatO willO beO describedd in0 subsequentd figures.Od O AlsoO FIG.O
10 showsO thatO thered isO al secondd cylindricall magnetd 200 recessedd intoOd t
hed upperO partO ofd theOd door.d O Otherd componentsd ofd an0 energyd absorbing

O magneticO couplingd devicel ared notd shownO inO FIG.O 1.0 O O MagnetsO 200 an
dO 300 ared positionedd sod thatd theyd ared ind closeOd proximityd (butd notO co
ntacting)d whenO theO doord isO closed.O O Doubled arrowDd 440 showsO thed motion
O of0 all closingl orO openingl door.

O Thed objectiveO is0 tod provided ald non-contactO deviced thatd bothd removesO
energyd fromO al closingd doord andO providesO all non-contactd couplingd thatO a
lignsO thed twoO magnetsO in0 al predeterminedd positiond toO holdO thed doorOd c
losed.O O ToO explainO theO theoryd ofO operationd ofO thisO invention,O it0 is

O necessaryl tol startd withO thed patternO of0 theO magneticO fieldO linesO pro
ducedd byO al permanentd magnet.

OFIG.0O 20 illustratesO ad permanentd magnetd 100 withd northO andO southO magne
ticO polesl designatedd NO andO S.0O O Thed magneticO axisO 110 ofd thel magnetO
isO definedO asO anO imaginaryd lined connectingd theO strongestd northO andO so
uthd pointsd onO theO surfacel of0 thed magnet.Od O TheOd magneticO fieldO ofO al
magnetd canO beO visualizedO withO theO helpO of0 shortd piecesO ofd irond wire

0 15.0 O TheseO smalld piecesO ofd irond willO alignO themselvesO withO thed mag
neticO fieldO andO revealO thed orientationd of0 theO magneticO fieldOd atO diffe
rentd locations.O O

O FIG.0O 20 alsoO containsO somed shortO arrowsd suchd asO thed arrowsd betweenO
pointsO 16A0 andd 16M.0 O Thesed arrowsO ared similard toO theO ironO wired line
0 segmentsO 15,0 exceptd thatO theO arrowsO alsold designated theO directionOd of

O thed magneticO fieldO usingd theO conventionO of0O thelO magneticO fieldO propag
ationd fromO thed northO toO southd magneticO poles.Od O Ford example,O thesed ar
rows[ representd theO orientationd thatd ad compassO needlel ord smallO bard mag
netd wouldO takeO ifO placedd atd al particulard location.

O Presumed thatd a0 smallO bard magnetd isO mountedd in0O suchO ald wayd toO permi
t0 rotationd in0O anyd direction.Od O I1f0 thisO bar0O magnetd wasO initiallyd place
dO atd pointO 16A0 andO thenO translatedd tod pointO 16M,0 thed barO magnetO wou
1d0O alignO itselfO withO thed localO magneticO field.O O ThisO wouldO resultd in
O theD bard magnetd rotatingDd asO itO isO translatedd acrossO theO fringingd mag
neticO field.O O Ind fact,Od thed barO magnetd wouldO rotated aboutO 1800 degrees
O asO it0 isO translatedd betweend 16A0 andO 16MO asO indicatedd byO thed arrow



(22) JP 2006-292165 A 2006.10.26

O orientationsd betweenO theseO twoO locations.O O Thed amountd of0 rotationO de
pendsO onO theO startO andO stopO locations.O O 1t0O shouldd bed notedO thatO the
O pathd betweenO pointsO 16A0 andd 16MO isO perpendiculard toO thel magneticO ax
isO 11.

O ThereD isO anotherd setd ofd arrowsd betweenOd pointsd 17A0 andO 17M.0O O Thed p
athO betweenO theseld twoO pointsO isO paralleld toO thed magneticO axisO 110 (he
reafterO paralleld path).O O EvenO thoughO thisO paralleld pathO isO thed sameO
lengthO andO distancel fromO theO magnetd asO thed previousO perpendiculard path
O betweend pointsO 16A0 andd 16M,0 ad barO magnetd wouldO rotated furtherO (abou
t0 2700 degrees)O travelingO fromO pointsO 17A0 tod 17M.0 O 1f0 bothO pathsO had
O beend extendedd infinitelyd fard onO eitherd sided ofO thed magnet,d thend bot
hO theO perpendiculard andO paralleld pathsO wouldO haved producedd ald 3600 degr
eel rotation.O O However,O thed strengthd of0 thed magneticO fieldO decreasesO w
ithO distanced andO theO paralleld pathO alwaysO producesl all greater rotation

0 thanO theO perpendiculard pathO whenO theO translationO distanced isO limited

O tod regionsO ofO relativelyd highO magneticO fieldO strength.

O FIG.O 30 expandsO onO thed conceptsO describedd inO FIG.O 2.0 O FIG.O 30 hasO
all stationaryd magnetd 10A0 withO ald magneticO axisO 11A.0 O In0O FIG.O 3,0 magne
t0 140 isO eitherd ad sphericalO magnetd ord al cylindricall magnet.O O If0 magn
etd 140 is0 consideredd ad cylindricald magnet,d thend thed cylinderd isO seenO
fromO theO endd sod thatO itd appearsd circular.O O TheO arrowd 130 representsQ
theO magneticO axisO ofd thel magnet, butO thed arrowheadO is0 locatedd atO the
O northO magneticO pole,O sol arrowd 130 alsod showsO thed directiond ofd magnet
ization.O O NoteO thatO if0 magnetd 140 isO consideredd toOd beld al cylindricall
magnet,d thend theO directiond of0 magnetizationO isO acrossO thed diameterd of

O thed cylinder.O O ThisO directiond ofd magnetizationO willO bed calledd diamet
ricallyld magnetized.O O Ford eased of0 discussion,d magnetd 140 willO beO consid
eredd al diametricallyd magnetizedd cylinderd butd otherd magnetd shapesO suchO
asO al cubed exhibitO al similard behavior.

O FIG.O 30 showsO all seriesd ofd circlesO representingd thel movementd ofO cylin
dricall magnetd 140 startingO fromO positiond 14A0 andO endingd atO positionO 14
F.O O Thed magneticO axisO arrowd 130 makesO approximatelyd ald 90-degreel rotati
ond fromO positionO 13A0 toO positionO 13F0O asO theO cylinderd isd movedO fromO
positiond 14A0 toO 14F.0 O ThisO magneticO alignmentd presumesO thatO thed cylin
dricall magnetd isO freed tod rotatel aboutd theO cylindricall axis,d sod theO m
agneticO axisO willd alwaysO alignd withd theO locald magneticO fieldO asO previ
ouslyld discussedO in0 FigureOd 2.0 O WithDO thisO freeO rotationd alignment,d al c
ylindricalO magnetd 140 willO alwaysO bel attractedd tol magnetd 10A0 andO thed
directionO of0 theO magneticO forced isO alsold thed directiond ofd thed arrowsO
13A0 throughO 13FO in0 thel variousO locations.

I1t0 is0 presumedd thatO thed motionO ofd magnetOd 140 isO constrainedd tod onlyO
bed alongO theO pathO representedd byd arrowd 44.0 0O In0 thisO case,d magnetd 14
O wouldO stopO atl positiond 14F0 becauseld thel magneticO forceO isO perpendicul
ard toO pathO 440 atO thisO point.0O O In0d fact,d locationO 14F0 isO thed pointO
ofO closestd approachO toO magnetd 10A.0 O ThisO isO thed pointd whered theO str
ongestld magneticO couplingd occurs andd movementOd of0 rotaryld magnetd 140 away

O fromd locationO 14F0O isO resisted.

O Now, O supposel thatd thed cylindricall magnetd 140 atO locationd 14A0 wasO for
cedd tod al magneticO alignmentd thatd wasO notd alignedd withO thed magneticO f
ieldd fromd magnetd 10A.0 O Ford example,O supposeld thatO thed cylindricalO magn
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etd atO locationd 14A0 wasO rotatedd 900 degreesO sod thatd theOd magneticO direc
tionO i1s0 shownO byO theO smallO arrowd 15A.0 0O Thered wouldO bel al torquel on

O theO cylindricall magnetO 140 attemptingO tod rotated thel cylindricall magnet
O backO intod alignmentd withO theO magneticO fieldO fromO magnetd 10A.0 O Also,
O thered wouldO nowO bel magneticO repulsiond between magnetsO 10A0 andO 14A.

O IfO magnetd 140 isO translatedd betweend positionsO 14A0 andO 14F0 andO allowe
dO tod rotate,d butDO ifO thisO rotationO isO restrainedd byd anO optimumO amount
O of0O friction,O then:0O thed magneticO orientationd ofd magnetd 140 willO always
O lagd behindO thed frictionlessO orientation;O translationalld motiond betweenO
positionsO 14A0 andd 14F0 willO bed opposedd byO magneticO repulsion;O andO tran
slationalO energyd willO beO convertedd toO frictionalO heatingd of0 theO rotati
ngl magnet.

O TheO translationall motionO willO wantO tod stopd atO thed pointd of0 closest

O approachO atd positiond 14F.0 O 1tO willO beO explainedd laterd thatO viscous

O dragOd isO thed preferredd sourceld of0d frictiond becaused viscousO dragd doesO
notd stickO andO thed amountd ofd dragd dependsO onO theO rotationd rate.O O In

O FIG.O 30 thisd meansO thatO whenO thed cylindricall magnetd stopsO atO theO po
int0d ofd closestd approach,d atd positiond 14F,0 thed magneticO axisO 13FO will

O eventuallyd alignO withO theO magneticO fieldOd ofd magnetO 10A.

O TheO principlesd taughtO herel haveO applicationd tod doorsO becausel energyQd
cand beld removedO fromO al closingd doord withoutd anyOd physicall contactD ifO a
O stationaryd magnet,d suchO asO 10A,0 is0 attachedd toO thed doorframeld andO a

O rotaryd magnet, suchO asO 140 isO attachedd toO thed doord (orO vicelO versa).
O O TheO doorO canO bel heldO in0 theO closedd positionO becaused thed rotaryd m
agnetd resistsO movementO awayd fromO positiond 14F0 in0d FIG.O 3.0 O ThisO will

O beO explainedd in0O mored detailOd infra.

O InOFIG.O 3,0 thed magneticO directiond ofd theld rotaryd magnetld madel all 900
degreel rotationO fromO positiond 13A0 tod 13F0O andO thereOd wouldO beO aO 1800 d
egreel rotationO if0d theOd magneticO axisO startedd off0 alignedd withO arrowd 15
AO andd rotatedd toO anO orientationd shownO by 13F.0O TheO smallO arrowsO in0O F
I1G.0 30 comparabled tod arrowd 15A0 representd theld magneticO orientationd atO a
O particulard locationO thatO producesO theO maximumd amountd of0 torque.d O The
0 actuall orientationd of0 all magnetd atO eachO locationd dependsd on manyO fac
torsO suchO as0O theO speedd ofd translation,d theOd strengthd ofd thed magnetsO a
ndd thed amountO ofd dragd onO thed rotaryl magnet.

O TheO amountO of0 energyld thatO cand beO removedO byO frictiond dependsd onO th
ed amountO of0 rotationO of0 theO rotaryd magnet.d O Therefore,O 1it0 isO desirab
leO toO increaseld thel amountO of0 rotation.O O FIG.O 40 showsO anotherd configu
rationd thatd achievesO mored rotationd ofd thed rotaryd magnetd thanO thed conf
igurationd in0 FIG.0O 3.0 O MagnetD 10AAQO inO FIG.O 40 isO comparabled tod magnet
0 10A0 inOd FIG.O 3,0 exceptd thel magnetd 10AAQ andd magneticO axisO 11AAO have

O a0 differentd orientation.O O 1t0 shouldO bed notedd thatO inO FIG.O 3,0 theO
magneticO axisO 11A0 isO approximatelyd perpendiculard tod theO direction ofO m
otiond 44.0 O ThisO motiond perpendiculard toO thed magneticO axisO 11A0 isO com
parabled toO pathO 16A0 toO 16MO inO FIG.O 2.0 O InO FIG.O 40 theO magneticO axi
s 11AAD0 is0 almostO paralleld withd theO directionO ofd motion.O O ThisO is0O co
mparabled toOd pathO 17A0 toO 170 MO inO FIG.O 2.0 O 1t0 shouldO bed notedd that

O thel magneticO axisO 11AA0 is0 notO exactlyd parallelD toO theO directiond of

O translationO asl designatedd byd arrowd 44.0 0O Angled 120 designatesO thed amo
untO thatO thed magneticO axisO 11AAD0 differsO fromO beingd paralleld toO 44.
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O FIG.O 40 showsO al progressiond ofd ald cylindricall magnetd fromO positionO 14
AAO tod 14FF.0 O ThisO isO comparabled toO theO progressiond previouslyO discuss
edd inO FIG.O 3.0 O Oned differencel isO thatO becausel of0 theO tiltd (angleO 1
2)0 thed pointd of0 closestd approachd 14FF0 isO neard oned cornerd of0 magnetO
10AAO ratherOd thanO atO thed middled ofO magnetO 10A0 inO FIG.DO 3.

O TheO amountO of0 rotationd betweend magneticO directiond 13AA0 andO 13FF0O isO
aboutd 2100 degreesd ratherd thanO approximatelyd 900 degreesd betweend 13A0 and
O 13F0 inO FIG.O 3.0 O TheO smalld arrowd 15AA0 isO theO 90-degreed orientation

0 thatd producesO thed maximumd torquel asO previouslyd explainedd in0d FIG.O 3.

O O 1fO thed rotaryOd magnetd atO positiond 14AA0 isO forcedd toO haveO thisO ori
entation, O thenO theO totall rotationd betweend positiond 15AA0 andd 14FF0 isO a
boutd 3000 degrees comparedd tod approximatelyd 1800 degreesd forO al comparabl
ed translationO in0 FIG.O 3.0 O Therefore,Od theO orientationd shownO inO FIG.O 4
O clearlyd producesO morel rotationd thanO theO orientationd shownO inO FI1G.0O 3.
O Magnetd 10AAO inO FIG.O 40 isO tiltedd atO angled 120 comparedd tod translatio
nd directionO 44.0 O TheO reasond ford thisO tiltd isO toOd achieveO al singleO s
toppingO pointd atO 14FF.0O O If0O theO magneticO axisO 11AA0 werel paralleld toO
translationd directionO 44,0 thenO thereO wouldO beO twoO stabled pointsO where

O theO cylindricall magnetd 140 couldO comed toO rest.Od O TheseO twol stabled po
intsd wouldO beO alignedd withO eachO verticall edged ofd magnetd 10AA.0O O This

O wouldO meanO thatO al doorO couldd stopd atO eitherd of0 twod points,d dependi
ngd howd hardd itd wasO closed.d O 1t0 onlyd takesO al fewd degreesd of0d tiltO t
o0 eliminateOd thisO problemd andd gived ald singled stoppingd point.0O O Thed opti
mumO tiltO angled mustd bed determinedd experimentallyl becausel i1t0 dependsO on
O bothO magneticO andO geometricall factors.

O FIGS.O 50 andd 60 ared perspectived viewsO of0 twoO variationsO of0 energyO ab
sorbingd magneticO couplerd devices.O FIG.O 50 showsO anO energyd absorbingO mag
neticO couplingO deviced 50.0 InO FIG.0O 5,0 sphericall magnetd 20A0 withO al mag
neticO axisO 21A0 isO retainedd in0 housingd 22A.0 TheO housingO 22A0 shownDO in

O FIG.O 50 isO madeOd ofd non-magneticO sheetd metal.O O TheO housingd hasO twoO
holesO 23A0 andO 23AA0 slightlyd smallerd thanO theO diameterd ofd theld spherica
10 magnet.d O PartO ofd theO sphericall magnetd 20A0 protrudesO throughO bothO o
fO thesed twolO holes.O Theld sphericall magnetO isO capturedd inO thed housing,O
butDO theO sphericall magnetd canO stillO rotate.O O ThereO willDO bed al predeter
minedd amountd of0 frictionall dragd onO anyd rotationO of0 thed sphere.O O This
O frictionO couldd bed controlledd byO thed amountd ofd elasticityd in0O housing

0 22A.0 O TheO combinationd ofd thed sphericall magnetd andd theO housingO isO a
nd exampled ofd al combinationOd thatO willO bed calledd al rotaryd magnetd assem
blyO 40A.

O FIG.0O 50 alsod showsO all secondd magnetd 30A.0 O TheO shapel of0 magnetd 30A0O
isO notd critical,d butO ald goodO shaped is0 eitherd al cylinderd ord a0 cubeO o
fO theO sameO generalO sizeO dimensionsO asO theO diameterd ofd theO sphericall
magnet.Od O ThisO magnetd 30A0 willO bed referredd toOd asO thed referenceld magnet
.0 O TheO referenced magnetd hasO ald magneticO axisO 31A0 thatO isO depictedd as
O beingO perpendiculard tol thed directionO ofd traveld (arrowd 44)0 ofd theO ro
taryl magnetO assemblyd 40A.0 O Thed magneticO axisO cand bel orientedd atd othe
rO0 anglesO asO previouslyO discussed.Od O FIG.O 50 alsod showsO and alternativeO
translationd directionO 470 thatO willO beO discussedd infra.

O TheO twol magnetsO areld preventedd fromO contactingd eachd otherd becausel bot
hO theO referenceld magnetd 30A0 andO thed rotaryd magnetd assemblyd 40A0 arel at
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tachedO toO externald componentsd thatd permitd motionO onlyd alongO theO vector
O definedd byO arrowd 44.0 O Ford example,O inO FIG.O 1,0 oned ofd theOd magnets

O isO attachedd tod thed doord andO thed otherO magnetd isO attachedO tod theO d
oorframe.O O Closingd theO doorO producesd thel desiredd motionO generallyd in0O
oneld dimensiond alongO arrowd 440 (theO slightO arcO resultingd fromd theO hinge
dO motionO of0 thelO doord cand beO ignored).Od O Also,0 itd doesO notd maked any

O differenced whetherd thed referencel magnetd orO thed rotaryd magnet assembly
O moves.O O ANIDO thatO isO importantd isO theO relativel motionO betweenO theO t
wol components.d O SubsequentO figuresO willO showO theO rotaryd magnetd moving,
O butO thisO isO justO doned ford consistency.

O TheO inventivel deviced worksO bestd whenO strong,O compactd magnetsO arel use
d.Od O ThereforeO rared earthd magnetsO areld preferred,O especiallyd neodymiumO i
rond borond magnetsO alsoO known asO NdFeBO magnets.

O FIG.O 60 showsO anotherO energyd absorbingd magneticO couplingl devicel simila
rO0 tod FIG.0O 5,0 exceptd all cylindricald magnetd 20B0O isO usedO insteadd ofd the
O sphericall magnetd 20A0 in0O FIG.O 5.0 O InO FIG.O 6,0 non-magneticO housingd 2
2B0 hasO twoO holesd 23B0O andd 23BB.0O O Thesel areld rectangulard holesO thatO al
lowD al portionOd ofd theO cylindricald magnetd 20B0O toO protruded aboved andO be
lowd theO housingO 22B0 andO thed holesO ared sizedd tod capturel theO cylindric
all magnet.Od O TheO housingO 22B0 permitsO cylindricald magnetd 20B0 toO rotate

O aroundd axisO 46,0 butO anyd rotationd hasO al predeterminedd amountd ofO fric
tionalO dragd dueld toO thed frictionO of0 theO cylinderd againstld thed edgesO of
O holesO 23B0 andO 23BB.

O FIG.0O 60 alsol hasO rotaryd magnetd assemblyd 40B0O travelingO alongd vectorOd 4
4.0 O TheO referenceld magnetd 30BO cand bed anyd sized andO shape,Od butd ald cubi
c magnetO is0 preferred.d O Also,d theOd magneticO axisO 31B0O is0 shownO asO bei
ngd approximatelyd parallel toO theO translationd vectord 44.0 O However,O the

O magneticO axisO shouldd beO slightlyd tippedO relatived tod 440 asO previously
O discussedOd inO FIG.O 4.

O FIGS.O 50 andd 60 illustrated twol differentO orientationsd ford thel magnetic
O axisO of0O thed referenceld magnetd (31A0 andd 31B).0 O Thed orientationd ofO ax
isO 31A0 in0d FIG.0O 50 hasO lessO energyld removall potentiall butO al strongerd T
orceld holdingO theO finalO position.O O TheO orientationd ofd axisO 31BO inO FIG
.0 60 hasO mored energyd removalO potential,O butd doesd notO exhibitO asd much

O forceO holdingO theO finalO position.0O 0O Otherd orientationsd of thed referen
ced magnetd canO bed usedd tod achieveld intermediated characteristics.

O InOFIG.0O 6,0 theO housingd 22B0 shouldO beO orientedd soO thatO axisO 460 of

O thed cylindricall magnetd 20B0O willO bed generallyd perpendiculard tod theO tr
anslationO vectord 44.0 0O NoO speciall orientationd wasO requiredd ford theO hou
singd inO FIG.O 50 becauseld theO sphericall magnetd 20A0 inO FIG.O 50 canO rotat
el aroundOd anyd axisO andd theO sphericall magnetd automaticallyd rotatesd aroun
dO theO optimumO axis.

O FIG.0O 70 showsO a0 perspectivel viewO of0 thel preferredd embodimentd andd FIG
.0 80 showsO ald cross-sectionedd viewd ofO thed preferredd embodiment.d O BothO
ofO theseO figuresd will bed discussedd together.O O FIGS.O 70 andO 80 showO a

O cubicO referenceld magnetd 30CO withO all magneticO axisO 31C.0 O FIG.O 80 shows
0 thatd thed magneticO axisO 31CO isO slightlyO tiltedd atO angled 120 relative

O toO thed translationO directiond 44.0 O TheO rotaryd magnetO assemblyOd 40C0O co
nsistsO ofd al cylindricall magnetd 20CO thatO isO diametricallyd magnetizedd wi
thd al magneticO axisO 21C.0 O TheO cylindricald magnetd 20CO isO containedO in
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0 ad non-magneticO cylindricald housingd 22C0O thatO permitsO magnetO 20CO toO ro
tatel aroundd rotationald axisO 46.0 O

O InOFIG.O 80 it canO beld seend thatd betweend magnetd 20CO andd housingd 22C

O thereO is0 al spaced 24.0 O In0O theO preferredd embodiment,O spaceld 240 would

O containO ald veryOd viscousO (glutinous)O substanced thatO produces al predeter
minedd viscousO dragd onO theO rotaryd magnetd 20C.0O O Ford example,O thisO visc
ousO substanced couldO beO thickd grease,d ord evenO al stickyd gumO material.O
A magneticO liquidO mightDO alsol provideld desirabled drag.0O O O ThelO dragO occu
rs becausel theO housingO 22CO isO preventedd fromO rotatingOd byd anO external

O mountingO notd shown.O O Thed sized of0O spacel 240 in0O Figured 80 hasO been e
nlargedd forO illustrationOd purposes.

O FIGS.O 70 andd 80 doO notd showd anyd meansO toO maintainO theO cylindricalO m
agnetd 20CO in0O theO center of0 thed housingO 22C.0 O I1td isd notO essentiall t
o0 centerd thed cylindricall magnet,O butd thisO centeringd is0 desirabled toO m
aintaind al predeterminedd viscousO drag.Od O TheO cylindricald magnetd couldd be
O centeredd usingO pivotO points,d similarO tod anO axle,O whichO contactd each

0 endd ofd thed cylinder.O O ThereO ared otherd methodsO of0 maintainingd ald con
stantd viscousO drag, O butd thesed ared beyondO theO scopel ofd thisO invention

0O andO notO requiredd ford operation.O O WhileO theO preferredd embodimentO uses
0 a0 viscousO fluid,Od itd isO alsod possibled tod utilized onlyd contactO fricti
ond toO producel thed desired,O substantiall dragOd asO previouslyd discussedO in
O FIGS.O 50 andO 6.

O TranslatingO thed rotaryd assemblyd 40CO alongO thed pathO designatedd byO arr
owd 440 causesU theO cylindricall magnetd 20CO toO rotated asO indicatedd byO th
ed rotationd arrows.O O FIG.O 80 showsO all dashedO circled 20CC.0O O ThisO isO th
e approximated positiond ofd thed magnetd 20CO whenO theO rotationald assembly

O comesO toO al stopd atO thed pointd ofd closestd approach.0 ThisO isO theO low
estd energyd positiond andd onced thed rotationald assemblyd stopsO atd thisO po
sition,O thed magnetsO resistd movementd awayd fromO thisO position.

FIGS.O 70 andO 80 showd al smallO biasO magnetd 320 attachedd tod thel outsidel
ofd theO cylindricall housingd whichO doesO notd rotate.d O BiasO magnetO 320 is
O depictedd asO all smallO bard magnet,O butd anyd shapel magnetO can bel used.

O O ThisO biasO magnetd hasO theO purposel ofd orientingd theO cylindricall magn
etd 20CO toO thed optimumd orientationd ford theOd maximumO energyd removal . O OT
held biasO magnetO 320 onlyd influencesO theO orientationOd ofO thed cylindricall
magnetd 20CO whenO thed rotaryd assemblyd 40C0O is0 awayd fromd theOd muchO strong
erd referenceld magnetd 30C.0 O Ford example,Od whenO thed doord isO opened, O the

O rotaryld andO referencel magnetsO areld widelyO separated.d O WhenO theld door{ i
s open,d theOd weakD biasO magnetd cand rotated theO rotaryd magnetd becausel vi
scousl dragd hasO theO propertyd thatO theO dragO isO proportionald to rotation
all speed.d O Therefored ald slowd rotationO encountersO onlyd a0 smalld dragd wh
iled a0 fastO rotationd encountersd a0 larged drag-0 O Thed weakd biasO magnetOd
isO thenO ableO toO slowlyd orientd theO rotaryd magnetd butO closingd thed door
O producesO al rapid0d rotationd andd highO drag.Od O ThisO highOd dragd isO suffic
ientd toO absorbO theO translationall energyd of0 theO closingO doord andd conve
rt0d thisO energyd intoO heat.

O InOFIG.O 4,0 itd wasO explainedd thatO whenO aO cylindricall magnetd wasO in

O positiond 14AA, 0O theO optimumd orientationd forO maximumO energyd removall wou
Id0O beO tod haved thel magneticO directionO alignedd withO smalld arrowd 15AA.0
O TheO purposed ofd al biasO magnetd isO toO prepared thed rotaryd magnetD toO t
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hed optimumO orientationd ford maximumO energyd removal.O O A0 biasO magnetd can
O beO placedd anywherel nearO thed rotaryl magnet, notO justO in0 theO position
O shown.O O TheO fringingd magneticO fieldO ofd bothO theO rotaryd magnetd andO
theO biasO magnetd permitsd al biasO magnetd tod doO itsO jobO fromO anyO close

O locationO providedO thatO theO biasO magnetd isO properlyd orientedd toO produ
ced theld desiredd alignmentO ofd theO rotaryd magnet.

O ThereO is0 anotherd wayO of0 orientingd thed rotaryd magnetd whenO thed refere
nceld magnetd isO removed.O O ThisO isO throughO ad designd thatd canO beld referr
edd toO asO gravitationald bias.Od O TheO keyd of0 anyd biasO meansO is0 toO appl
yO al smallO forced thatd canO rotated thed rotaryd magnetd overd time.O O IfO t
held rotaryld magnetd wasO weightedO unevenly, thenO gravityd couldO slowlyd rota
ted theO rotaryd magnetd intod theO optimumO orientation.d O TheO rotaryd magnet
O hasO al rotaryd axisO 460 (FIG.O 6)0 andO al centerd of0 gravity.O O Normally

O thed centerd of0 gravityd wouldd bel atd thel geometricO centerd ofd thel rota
ryd magnetO ifO thered wered ad uniformd densityd andO symmetricald shape.O O Wh
enl theld rotaryd axisO 460 (FIG.O 6)0 passesd throughO thel centerd ofO gravity,
0 thenO thereO is0 nod gravitationald bias.O O However,O shapingO ord weighting

O theO rotaryOd magnetd differentlyO resultsO in0 and axisO of0O rotationO thatO d
oesd notO passO throughO theO centerd of0 gravity.O O ThenO theO rotaryl magnet

Owilld eventuallyd comed toO restd withO thed centerd ofd gravityd belowd theO
axisO of0 rotation.O O ThisO isO ad biasO meansO thatd canO bel usedO toO orient
O thed rotaryOd magnetd whenO theld referencel magnetOd isO removed.Od O However,O t
hed biasO magnetd methodO is0 preferredd becaused it canO applyd mored forceO i
nd al compactd volume.O O

O 1t0 wasO previouslyd mentionedd thatO theO housingO shouldd beld madeO ofO non-
magneticO material.0d O TheO requirementd is0 thatd theO housingO doesO notO bloc
kO transmissiond ofd magneticO fields.O O Thed easiestd wayd ofd achievingO this
O isO tod usel non-magneticO materials,d butd ad smalld amountd ofO ferromagneti
cO materiall canO bel toleratedD inO thed housing.

O EXAMPLEO 1:0 AO successfull experimentd wasO performedd of0d ald designd similar
0 toO thed preferredd embodimentd exceptd thatO al sphericall magnetd wasO used

O ratherd thanO alO cylindricall magnet.O 0O TheO rotaryd magnet,O referencel magn
etd andd biasO magnetd wered alld maded ofO theO rared earthd magneticO material
O NdFeB.0O O TheOd rotaryd magnetd wasO a0 9.50 mmd diameterO sphere,O thed refere
nced magnetd wasO al 9.50 mmO cubed andO thed biasO magnetd wasO all diskO 9.50 m
mO diameterd andd 30 mmO thick.Od O TheO biasO magnetd wasO removedO fromO theO r
otaryd magnetO surfacel byd aboutO 70 mmO sod thatO theO biasO magnetO produced

O ald muchO weakerd magneticO fieldO thanO thed referencel magnetd whenO theld ref
erencel magnetOd isO atd theO pointd ofd closestd approachd (aboutd 20 mmO fromO
theO rotaryl magnet).

O MatingO twoO hemisphericall cavitiesO formedO al sphericall cavity.Od 0O EachO h
emisphered wasO slightlyO largerd thanO thed 9.50 mmO diameterd of0 theO spheric
all magnet.O O TheO hemisphericall cavitiesO wered drilledO intoO 6.30 mmO thick
O aluminum.0O O AO firstO testd wasO performedd usingO axleO greased asO thed vis
cousO materiallO fillingO ad sphericall spaced similard tod spacel 240 inO FIG.O
8.0 O Thered wasO definitelyd somed energyd removal whenO theO sphericall magne
t0 wasO rotated, O butO ford theO cavityO dimensionsO tested,O thed greasel did0O
notd providel enoughO drag. O A0 secondd testO usedO thick,O stickyO glued that
O was obtainedd fromO al glued trayd typel mousetrap.d O Afterd gettingd thed c
orrectd coatingO thickness,O thisO veryO stickyd substancel gavel theO correctO
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amountO of0 drag.

O TheO apparatusO wasO thend testedd ond al door.O O TheO referenced magnetd was
0O attachedd tod a0 fullO sized doord andO theO rotaryld magnetO housingOd wasO hel
dO stationary.d O TheO referenced magnetd wasO orientedd perpendiculard tod the

O translationO directiond similard toO thatO illustratedd in0d FIG.O 5.0 O O When
O theld doord wasO closedd atd all normald closingd speed,d thed doord wasO observ
edd toO slowDd downO asO itd approachedd thed intendedd stoppingO pointd (thed po
intd ofd closestd approach).0d O ThenO thel doorO gentlyd andO silentlyd camel to
0 ad stopd atO thed correctd point.0O O ClosingOd thed doord withO mored speedd ca
usedd al slightO overshoot,O butd thenO thed doord reversedO directiond andO sto
ppedd atO thed correctd point.0O O StillO moreO closingd speedd causedd thed door
0 toO hitd ad mechanicald stop,O butd theO doorO thenO reversedd directionO and

0 stoppedd atOd thed correctd point.0O O Thed doord closedO silentlyd asO longO as
O thed doord wasO closedd withd energyd (speed)O lessO thanO theO energyd absorp
tionO capacityd of thed apparatus.d O ThisO is0 toO sayd thatd theO doorO close
dOd silentlyd asO longO asO itO didO notd hitO theO stop.

O TheO biasO magnetd wasO observedO tod taked aboutO twod seconds told reorient

O theO sphericall magnetd whenO thed doord wasO openedd (i.e.,d whend theO refer
encel magnetO wasO removed).O O O IfO theO doorO wasO closedO befored aboutO two
0 seconds, O thered wasO all noticeableld reductiond inO thed energyl absorbingO ch
aracteristics.O O EliminatingDd thed biasO magnetO stilld usuallyO resultedd inQ
theO doorO stoppingd atd thelO correctd point,O butd thed doord wasO muchO more(
likelyD tod hitO theO doorO stopO befored thel doorO camed tod restd atO thed co
rrectd point.0O O TheO testsO showedd thatO thelO biasO magnetd wasO notd essentia
1,0 butO it0O wasO desirable.

O EXAMPLEO 2:0 O ThusO far,d allO ofd theO examplesO hadO theO rotaryd magnetO 2
00 translated onlyO alongl all pathO 440 whichO doesO notd intersectd theO refere
nceld magnetd 30.0 O AnotherO testO provedd thatd energyd removall couldd occur(
even whenO theO referenceld magnetd 30A0O approachedd rotaryd magnetd 20A0 fromO
theO directiond 470 in0O FIG.O 5.0 O ThisO is0 theO directionO paralleld tod the

O magneticO axisO 31A.0 O Thed referenceld magnetd wouldO collided withO theO rot
aryd magnetd if0 itd didO notO firstd hitd al stop.0 O Ind thisO experiment,d a

O biasO magnetd (notd shownO inO FIG.O 5)0 hadO previouslyOd orientedd theO rotar
yO magnetd toO anO orientationd thatO initiallyO repelledd theO referenceld magne
t0 comingO fromO directiond 47.0 O Therefore,Od theO initialO repulsiond removed

O translationald energyd whend theO referenceld magnetd approached.d ThenO theO r
otaryd magnetO turnedd 1800 degreesO insidel theO housingO andO theO initialO re
pulsiond was followedd byO magneticO attraction. TheO twoO magnetsO werel prev
entedd fromO collidingd byOd al stop.0 ThisO experimentd showsO thatd energyd rem
ovalO can occurd withO anyO orientationd andO translationd directionO provided

O thatd a0 biasO magnetd canO properlyd orientd thed rotaryd magnetO priord toO
theO translation.d O TheO actuald experimentd wasO performedd withO thed experim
entald sphericalO magnetd apparatusO previouslyd described,d sod viscousO dragQd
wasO usedd ratherO thanO frictionalO drag.

O FIG.0O 90 showsO thed used of0 al multi-polard referencel magnet.Od O Thel rotar
yO magnetd assemblyd 40CO inO FIG.O 90 wasO previouslyd describedd ind FIGS.O 7

0 andd 8.0 O TheO multi-polard referencel magnetd assemblyd 30HO consistsO ofd a
O ferromagneticO barO 330 andO multipled magnetsd 30D,0 30EO andO 30F,0 whichO h
avel beend assembledd toO havel alternatingd northd andO southd poles.O O WhenO
theO rotaryd magnet assemblyd 40C0O is0 translatedd alongO pathO 44,0 theO cylin
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dricall magnetd 20C0O makesO al 1800 degreel rotationd withO eachd reversalld of0O
magneticO polarityd fromO thed adjacentO referenceld magnets.O O Therefored multi
pled magnetsO suchO asO 30D,0 30EO andd 30FO canO bed addedd tod achieved anyl a
mountd ofO magneticO brakingd desired.Od O TheO multi-polard referenceld magnetO d
esignld isO capableld ofO removingd mored energyd thatO al singled referenceld magn
et,0 butO itO isO mored difficultO tod maked theO rotaryd magnetd assemblyO stop
0 atO al predeterminedd positionOd withO all multi-polard referencel magnet.

O 1t0 hasO previouslyd beend statedd thatO anyO shapeld magnetd willO exhibitO a

O rotationO if0O itd isO properlyd mountedd andO translatedd throughO theO fringi
ngd magneticO fieldd ofd al referenceld magnet.O TheO termO "properlyd mounted"O
willd bed explainedd now.Od O TheO ideald mountingOd ford al rotaryd magnetd tod o
btainO maximumO torqued meetsO thed followingO fourO goals:0O 1)0 thed rotaryd ma
gnetd shouldd bed abled tod rotated aboutd al rotationald axisO thatd isO perpen
dicularO tod thel magnet=s0 magneticO axis;0 2)0 theld rotationall axisO shouldO
passO throughO theO centerd of0 theO rotaryd magnet;d 3)0O thed rotationald axis

O shouldd beld perpendiculard tod thel translationO direction; O andO 4)0 theld rot
ationald axisO shouldO bed perpendiculard tod thed magneticO axisO of0 theO refe
rencel magnet.

O MeetingOd thesel fourO goalsO achievesd maximumd torquel forO alO specificl magn
etd sized andd ald specificO magnetd separation.d O However,O energyd can beld re
movedd withO al wideO rangel of0O referencel magnetl orientationsO andd al wideO
rangel ofd translationO directions.O O In0 fact,O ifO thered isO thed properd dr
agd onO theO rotaryd magnet,d theO onlyDd conditionO thatO doesO notd removel ene
rgyd fromO theO rotaryl magnetD isO whenO eitherd theO translationO directionO 4
4,0 theO magneticO axisO 210 or0O theO magneticO axisO 310 isO paralleld tod the

O rotationO axisO 460 (Figuresd 60 andO 8).0 O

O AO magnetO in0O anyO shaped (ford exampleO al cube)d couldO bed usedd asO al ro
tary magnetO if0O itd isO properlyd mounted,d forO exampled mountedd onO axle.O

O TheO axleO thenO becomesO thed rotationall axis.O O IfO theO aboveO fourO poin
tsO wered roughlyd met,d thend anyOd magnetd shapel couldd rotatel andO becomeld a
O rotaryl magnet.

O TheO aboveOd fourd pointsO arel automaticallyd andO accuratelyd fulfilledO with
0 a0 sphericall magnetd whenO it0O is0 mountedd sol thatO it canO rotated in0O an
yO direction.O O TheO sphericald magnetd willO naturallyd choosed an orientatio
nO andO axisO of0O rotationd thatd fulfillsO theO abovel goals.O O A0 diametrical
lyO magnetizedO cylindricalld magnetd automaticallyd fulfillsO pointsO numberd 1

O andO 20 aboveO ifO theO cylinderO isO mountedO soO thatO itO canO rotated arou
ndd itsO cylindricalO axis.O O However,O thed housingd ford al cylindricall rota
ryd magnetO shouldd bel orientedd properlyd toO fulfillO pointsd numberO 30 and

O 40 aboveO in0 orderd tol obtainO thed maximumO torquel andO maximumO energyd a
bsorptiond whenO dragO is0 added.

O FIGS.O 50 andd 60 showedd oned typel of0 housingd whered thed rotaryd magnetO

wasO heldO in0O positiond withd properlyd sizedd holes.O O FiguresO 70 andd 80 sh
owd anotherd typed of0O housingO where al cylindricald rotaryd magnetO wasO held
O insided al cylindricalO cavityd orO al sphericall magnetd wasO heldO insideld a
O sphericall cavity.O O Thereld arel manyO differentd waysO ofO constructingd the
O housingd forO theO rotaryd magnet.d O ForO example,O a0l cylindricald rotaryd m
agnetd couldO bed housedO insided al rectangulard ord cubicall chamber.Od O TheO

primaryd dragd couldd thenO beO suppliedd throughd theO flatO endsO ofd theO cyl
indricall magnet.O O Therefore,d theO shaped ofO thed housingd isO notd critical
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,0 butd theO functiond ofO thed housingd mustd meetd theO followingO fourd requi
rements: (1) I1t0 mustO supportd theO rotaryd magnet; (2) itd mustO notd blockO th
ed transmissiond of0 al magneticO field; (3) it0O mustd allowd theO rotaryl magne
t0 tod rotate; (4) itd mustO provideO al predeterminedd dragd onO theO rotaryd m
agnet.

O Finally,O alld thed examplesO givenO thusO fard hadO theO referenceld magnet n
otd abled toO rotate.Od O However,O thed referenced magnetd couldO alsod bed anot
herd rotaryd magnetd assembly.

0 Accordingly,Od theO inventiond mayO bed characterizedd asO anld energyd absorbin
g0 magneticO couplingO deviced comprisingd al rotaryld magnetd assemblyO includin
g0 a0 firstO magnetO rotatablyd retainedd in0O al housing,Od suchO thatO thereO is
0 a0 substantiall dragd onO rotationd of0 saidO firstd magnetO withind saidd hou
sing;0 al referencel magnetOd havingO all magneticO axis;O thed rotaryd magnetd an
dO theO referenceld magnetd canO bel translatedO relatived toO eachO otherO along
0 a0 predeterminedd translationOd pathO whichO hasO al pointd ofd closestd approa
ch;0 theld magneticO axisO ofd thel referencel magnetD isO orientedd suchO thatOd

theO relativeld translationd exertsO ald torqued onO theO firstO magnetd andd caus
esO itD tod rotated insided thed housing,Od andd dragd onO thed firstd magnetd ex
tractsO energyd fromd thisO rotationOd andd convertsO thisO energyd toO heat,O an
dO actingO toO stopO theO relatived motionO atO thed pointO ofd closestd approac
h.

O Alternatively,O thed inventiond mayOd beld characterizedd aslO al rotaryd magnet

0 apparatusO comprisingd all firstd magnetd withO all magneticO axis;0O ald housing

O whichDO holdsO theO firstd magnetO suchO thatO theO firstd magnetd canO rotate

0 aboutO al rotationall axisO generallyd perpendiculard toO thed magneticO axis,
O thed housingO includingd meansO forO exertingd al predeterminedd substantialO

drag ond theO firstd magnetd suchO thatO rotationd ofd saidd thed magnetO resul
tsO in0O a0 predeterminedd energyd loss.

O TheD aboveld disclosurel isO sufficientd tod enabled onel ofO ordinaryd skillO

in0O thed artO tod practiceld thed invention,d andO providesO thel bestO modeO of

O practicingd thed inventionO presentlyd contemplatedOd byd theO inventor.O While
O thereD isO providedO hereind a0 fullO andO completel disclosurel ofO thelO pref
erredd embodimentsd of0 thisO invention,O it0 isO notd desiredd tod limitO theO

inventionO tod theO exactd construction,d dimensionalO relationships,O andO oper
ationd shownO and0O described.O VariousO modifications, alternativel constructio
ns,0 changesO andO equivalentsO willO readilyd occurd toO thoseO skilledO ind th
ed artO andO mayd bed employed,d asO suitable,d withoutO departingd fromO theO t
rued spiritd andO scopeld ofd thed invention.O SuchO changesd mightO involveO alt
ernativeld materials,O components, structurall arrangements, sizes,O shapes,O f
orms,d functions,O operationald featuresO or{d theO like.

O Therefore,Od thel aboved descriptiond andd illustrationsd shouldO notO bel cons
truedd asO limitingO theO scoped ofd theO invention,O whichO isO definedO byO th
el appendedOd claims.

O0000O000D00OAnO energyd absorbingd magneticO couplingd deviced comprising:

O a0 rotaryd magnetO assemblyd includingd a0 firstd magnetd rotatablyO retained

O inO al housing,O suchO thatd thereOd isO al substantiall dragd onO rotationO of
0 saidd FfirstO magnetd withind saidd housing;

O ad referenceld magnetd havingO al magneticO axis;

saidl rotaryd magnetd andO saidO referenceld magnetd canO bed translatedd relativ
el tod eachO otherO alongd al predeterminedd translationO pathO whichO hasO aO p



(31) JP 2006-292165 A 2006.10.26

ointO ofd closestd approach;

saidl magneticO axisO of0 saidO referenced magnetd is0 orientedd suchO thatO sai
dO relativeld translationd exertsO al torqued on0 saidd firstd magnetd andO cause
sO itd toO rotated insided saidO housing,d andO dragd ond saidd firstO magnetd e
xtractsO energyDd fromO thisO rotationd andO convertsO thisO energyd tod heat,O a
ndd actingd toO stopO thed relativeld motiond atO saidO pointO ofd closestd appro
ach.

OO00O0O000O0TheO energyd absorbingd magneticO couplingd devicelO ofO claimd 10
whereinO rotationd ofd saidd firstO magnetd withinO saidO housingd isO impededOd
byOd alO viscousO materiall thatO causesO al substantiall amountO of0 dragOd on0O th
el rotation.

O0000O00OdTheOd energyd absorbingd magneticO couplingd deviceO of0 claimd 10
whereinO rotationO ofd saidd firstO magnetd withind saidO housingd isO impededO
byO frictionO betweenO saidO firstd magnetd andO saidO housing.
O0000O00OOdTheOd energyd absorbingd magneticO couplingd deviceO of0 claimd 10
whereinO saidO firstO magnetO isO spherical.

O0000O0D0OdTheOd energyd absorbingd magneticO couplingd ofd claimO 40 wherein
0 saidd housingd isO al sphericald cavity.

0O00O0OO0O0O0O0OTheO energyd absorbingd magneticO couplingd devicel of0O claimd 10O
whereinO saidO firstO magnetO is0O a0 diametricallyd magnetizedO cylinder.
OO0O0O0O0O000O0TheD energyd absorbingd magneticO couplingd devicel ofO claimd 60
whereinO saidO housingO is0O ald cylindricald cavity.

O0000O0D0OdTheOd energyd absorbingd magneticO couplingd deviceO of0 claimd 10
whereinO saidO firstd magnetOd isO ald neodymiumO ironO boronO magnet.
O0000O0D0OdTheOd energyd absorbingd magneticO couplingd devicel of0 claimd 10
whereinO saidO magneticO axisO ofd saidd referencel magnetO isO tiltedd atd anO
angled relatived told saidO translationO path.

O0000OO0D0OO0O0OTheO energyd absorbingd magneticO couplingO deviced ofO claimO 1
O furtherd includingd meansO toO orientd saidd firstd magnetd toO thed optimumOd
orientationd forO theO maximumO energyd removal.

O0000O0D0O0O0OTheO energyd absorbingd magneticO couplingd of0 claimd 100 where
ind saidd meansO to

orientd saidO firstO magnetO comprisesd al biasO magnet.

O0000O0D0OO0OTheO energyd absorbingd magneticO couplingd of0 claimd 100 where
ind saidd meansO to

orientd saidO firstO magnetO comprisesd an unevend weightingd ofd saidd firstO
magnet.

000000000 TheO energyd absorbingd magneticO couplingd ofd claimO 10 wherei
nd saidd firstd magnetd hasO ald firstd magnetd magneticO axis,Od andd saidd first
O magnetd rotatesO aboutO al rotationalld axisO thatO isO perpendiculard toO all
O of0 thed following:0 saidd firstO magnetd magneticO axis,O saidd translationOd
path,Od andd saidd magneticO axisO of0 saidO referenceld magnet.

00000000 TheO energyd absorbingd magneticO couplingd of0 claimd 10 wherei
n saidd stationaryd referenceld magnetd comprisesd ald multi-polard magnetd assem
blyD includingd a0 pluralityd ofd magnetsO assembledd tod haveO alternatingO nor
thd andO southd poles.

O0000O0D0O0O0O0O0OAO T rotaryd magnetd apparatusd comprising:

ad firstO magnetd withO a0l magneticO axis;

al housingd whichO holdsO saidO firstd magnetOd suchO thatO saidO firstd magnetO
can rotateld aboutO al rotationall axisO generallyd perpendiculard toO saidO mag
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neticO axis,O saidO housingO includingd meansO ford exertingd al predeterminedO
substantiall dragd onO saidO firstO magnetd suchO thatO rotationO ofd saidd firs
t0 magnetd resultsO in0 all predeterminedd energyO loss.

O0000O0D0OO0O0OTheO apparatusd ofO claimO 150 whereind saidd firstO magnetd is
O al sphericall magnet.

00000000 TheO apparatusd ofd claim 150 whereind saidd firstO magnetd is
O ad diametricallyd magnetizedd cylindricalO magnet.

O0000000TheD apparatusO ofO claimO 150 whereind saidO meansO forO exerti
ngd ald predeterminedd dragOd isO ald viscousO materiald whichO contactsO bothO sai
dO housingO andO saidO firstO magnet.

00000000 TheO rotaryd magnetd devicel of0 claimd 150 whereind saidd means
O forO exertingd ad predeterminedd dragOd isO frictiond betweend saidd housingd a
ndd saidO firstO magnet.

00000000 TheO apparatus of0 claimd 150 whered thed saidd rotaryd magnet
0 apparatus includesd a0 biasO magnetd whichO influencesO saidd firstO magnetOd
suchO thatO saidd magneticO axisO isO biasedd towardsO al predeterminedd orienta
tion.

O0000O0D0O0O0O0OTheO apparatusd of0 claimO 150 whereO saidO housingO isO madeO o
fO al non-magneticO material.

O0000O00O0O0OO0OTheO apparatusd of0 claimd 150 whereinO translatingO saidO rotar
yO magnetO apparatusO nearO al secondd magnetO causesO saidO firstd magnetO toO
rotated andO saidO energyl lossO impedesO saidl translation.
O0000O000O0O0O0OTheO apparatusd ofd claimOd 150 whereind translatingd al secondOd
magnetd nearO saidO rotaryd magnetd apparatusl causesOd saidd firstd magnetd tol
rotated andO saidd energyd lossO impedesO saidO translation.
O0000O0D0O0O0O0O0OTheO apparatusd of0 claimd 150 whereind saidd housingO isO affix
edd toOd al doord toO removel energyd fromO theO doord whenO closing.

O AO non-contactO apparatusd removesOd translationald energyd (slowsO movement)O
of0 al firstd magneticO assemblyd whenO it0 isO movedO throughO theO magneticO f
ieldd of0 a0 secondd magnet.d O TheO firstO magneticO assemblyd containsO all mag
netd thatO canO rotate,d suchO asO a0 diametricallyd magnetizedO cylindricall ma
gnetd inO al cylindricall cavity.O O O RotationO of0 thed firstd magnetd doesO w
orkO againstd ald predeterminedd drag.0 O Thed apparatus alsod formsO al non-con
tactO magneticO couplingO thatO holdsO al predeterminedd relatived position.0O Th
el apparatusO canl bel usedOd asO al doord catchO thatd slowsO downO andO quietly
0 stopsO all doord atd al predeterminedd positiond relatived toO theO doorframe
ooooooooao
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