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other as a driving unit. The mechanical wear-out and metal fatigue may reduce

the serviceable life and increase power consumption and the mainienance cost.

[0004] U.S. Patent Publication No. US 2006/0241528A1 discloses a
system for a low profile vibrating plate, which uses magnetic fields to provide
vertical vibration motion to a platform so as to allow the system to have a lower
profile. This published system aliows for a more compact form-factor for the
vibrating plate, which allows for increased portability. Additionally, since
mechanical parts are eliminated, the vibrating plate of the published sysiem has

increased reliability.
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mechanic parts nor the published system of U.S. Patent Publication No. US
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[0007] According to an aspect of the present invention, a magnetic
levitation vibration system comprises:
a top plate having a top surface and a bottom surface;
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at | east one first magnet fixed on the bottom surface
of the top plate; at |east one second magnet fixed on
the top surface of the base plate in aligning with
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a controller configured to adjust frequency of vibration of the top plate;
a sensor configured to monitor magnitude of vibration of the top plate to

generaie monitored signals; and
a confrol circuit electrically connected to the lower half of the actuator and

configured to adjust magnitnde of vibration of the top plate in respomse to the
. monitored signals.

[0008] According to another aspect of the present invention, a method for

treating musculoskeletal indications comprises:

providing a top plate having a top surface and a botiom surface;

providing a base plate located having a top sirface and a bottom surface, the
top surface of the base plate facing the botiom surface of the iop plate;

generating a first magnetic field to levitate the top plate;

generatiﬁg a second magnetic field to drive the top plate into vibration;

adjusting frequency of vibration of the top plate by means of controlling
frequency of an alternating current inducing the second magnetic field; and

adjusting magnitude of vibration of the top plate by means of controlling the

current in response to monitored signals transmitted by a sensor.

[0009] According to another aspect of the present invention, a method for
preveniing musculoskeletal indications comprises:
providing a top plate having a top surface and a botiom muface;
providing a base plate located having a top surface and a bottom surface, the
top surface of the base plate facing the bottom surface of the top plate;
generating a first magnetic field to levitate the top plate;
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m sur
wear-out and metal fatigue as in spring system, generate a frictionless and stable

vibration, shield the magnetic field from the interior of the system to users and
outer environment, and provide low mnoise and low power consumption. The
frequeﬁcy and magnitnde of vibration can be regulated to a desired level without
interrupting the vibration and independent from the weight of the user. The
magnetic levitation vibration system provided by the present invention is
compact, light, versatile, nser-friendly, minimal power consumption, low
maintenance cost and inexpensive. The capabilities of the present invention meet

the current needs and can be easily expanded to cater for the future requirements.

Brief Description of the Drawin
[0011] Fig. 1 is a schematic sectional view of a magnetic levitation
vibration system according to an embodiment of the present invention;

[0012] Fig. 2 is a botiom view of the top plate of the system of Fig. 1

with assembled components;
- {0013] Fig. 3 is a top view of the base plate of the system of Fig. 1 with

assembled components;
[0014] Fig. 4 is a block diagram of the control circuit operating with the

vibration platform; and _
[0015] Fig. 5 is a graph of the waveform of the vibration produced by

the system after it is powered up.

Detailed Description
[0016] Hereinafter, a detailed description of the present invention will be
given with reference to the appended drawings.
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and 006A-0067 are fixedly attached to the bottom surface of the top plate 001 and
on the top surface of the base plate 002, respectively, with such an arrangement

that magnets 005A-005J and the magnets 006A-006] are paired one by onc and

the magnets pairs Iike are distributed around the perimeter of the plates. The two
magnets of each pair (005A/006A, 005B/006B, cic) are set with equivalent
polarity facing each other so that they are in repuision. As an example in the
present ‘invention, the magnets are each 38mm in diameter and 15mm in thickness,
and generaic magnetic ficld about 1 Tesla. The repulsive force among these magnet
pairs can provide sufficient force (>1000N) to levitate the top plate 001 and the
human body on the top plate 001.

[0019] Fig. 1 schematically shows magnets 005A and 005B, 006A and
006B only for clarity of illustration. It is understood that Figs. 1, 2 and 3 just
exemplifies the arrangement of the magnets. Those skilled in the art cap arrange
the magnets according fo the practical requirements under the teaching of the

inventiorL



[0012] Fig. 2 is_a bottomview of the top plate of
the systemof Fig. 1 with assenbl ed conponents;
[0013] Fig. 3 is a top view of the base plate of the

f Fig. 1 with assenbl ed conponents; 4
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produc ema’ter I't
an uppsy dial i OBeE’blchpS ggermanent magnet W1th an iron shell and a lower

half 010B which is a coil, is provided at the ceniral region of the plates 001 and
002. The upper half 010A is fixed on the botiom surface of the top plate 001, and
the lower half 010B is fixed on the top surface of the base plate 002. The upper
half 010A and the lower half 010B do not contact each other during the operation.
An oscillating force is produced to drive the top plate 001 and human body into
vibration when an alternating current (AC) is fed to the lower half C10B. The
repulsive force and attractive force are alternately generated between the halves
010A and 010B so as to drive the top plate 001 and the human body in vibration
with the frequency of the alternating current. The frequency and magnitude of the
vibration can be controllable according to the electric current passing through the
lower half 010B. The frequency of the alternating current can be regulated in light
of a predetermined value by any known means. As an ekample, a controller
comprising a frequency synthesizer (e.g. IC-XR2206), a capacitor and an
adjustable resistor can be used for regulating the frequency of the alternating
current. Furthermore, the value of the forces is controlied by the electric current
passing through the lower half 010B. Since the permanent magnets 005A-0057
and 006 A-006] provide sufficient repulsive force to levitate the top plate 001 and
the human body, the electromagnetic actuator 010 only takes charge of providing
vibrating force for the load. Kinetic energy and potential energy of the whole
systemn are converted to ecach other during vibration. As an example, in this
embodiment, when AC current of 2A at 35Hz is provided, a vibration force is
generated which is capable of driving 100kg load to the vibration magniinde in
excess of 0.5g (g¥ 9.81m-'s®), with a vibration amplitude less than 1mm. In the
present invention, the vibration magnitude (such as 0.5g) refers to a peak-to-peak
(pk-pk) value. Specifically, the magnitude equals to the difference between the
positive and negative peak values of a waveform of the vibration magnitude. For
example, if the vibration magnitude is 0.5g the positive and negative peak values

are +0.25g and -0.25g, respectively.

[0021] In this emwbodiment, for general clinical indications, the
frequency and magnitude of the vibration are predetermined to 35Hz and 30% of

gravity, respectively, and is adjustable at any moment in use. It should be noted
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t hi di th 11 . .
signal, (ecufiBor TR olff! tercatf R autny) GERDUREE Lo mmalitnds,
modu(atiolny atvhem tienadditiohesd bﬁp\mbéw oUtheUdccellerchivitegr 011 is

above téﬁ§%ferl ; og]élpc ﬁgé’p%%g &9@& gﬂgli av| gﬁ% ﬁ]élpﬂtuﬂe of the

sxgnaleg@etztemm G @Hbﬁp@%&a&l&rﬂeﬁ%ﬂmk ﬂwacéﬁe@,ev at 0.3g

of VTR 6 (et by O E{fag%%”fﬁem i fhpgeigre

maintpied @dlogal |y the current supplied to the |ower half
010B so as to nmaintain the nagnitude of vibration to
a preset value. Therefore, the magnitude of vibration

a[mbzhsqnqegt fendveyvgle Rbnyd O dibionShdvakdal waeh 8RMohae]
the hunman bady. is regul ated to_the desired_|evel

cirouif ligaiedim & f‘dﬁﬁfﬁg}’ot“Wée%ﬁllb rath & AVnbreghipediag gn the

top plaROGPE &N fick FRM D, WRI BRfer Halit (ﬁ‘l@Bstedﬁven fully uniil the
[0024] A block diagramis shown in 4 to

vibratiqn gagnifyds i€ #ReVe Ottt APsy H4ds wnd m%qﬁlgclﬁlh geduces to

0.3g WRESD®RS l%e@@ﬂ@ﬁ"ter%&rtﬁﬁ%@%é Ret:atibe %dgﬁﬂ:ﬁ&els maintained

electronic circuit board 012, to mai ntain

within, pyangs 6f 19%g 0L (U deepite pregbangeneinbdangy @étthq/ igade It
should iisetﬂytéa aabel W%r am3nEQY EQheCld S of2 Qoerﬂbﬂ-: hsw-cost
el ectronic circuit board 012 conprises a signa
solutigfs e rae vifle o2, therrPXCeRNe @ \vetitngr apdthe &aem%;@wa@ﬁ the
prese&%ﬁve:ﬁloﬂ%ﬁldaﬁ@cl bd hﬁ&}pp%é‘d e nh{éai% @%@ha%ﬁﬁm in
signal generator 021 uces VI ration sign
way. 5@]“ wEa@plee qumsmam eimplit tcan eattalth ébg davaet vzbratlon
I r [ h [ e
e B ok Bode B R G ol i nigher
duration of one treatnent. The conparator 023 is the
control unit that can adéust t he out put anplitude of
the signal generator 0217 The output of the
accel eroneter 011 is conditioned by the AC DC
converter 022 to filter out vibrating voltage and
pi ck out the level of vibration magnitude. The out put
of the A(YDC converter 022 |s fed to the conpar at or




[0027] Pr eferablyf“a'\A/asher 009A, 009B, 009C and 009D
is provided at each of the end of guide poles 007A to
007D, as shown in Fig. 1 to prevent the guide poles

W%%QQO&QS(}OO?D fromdraw ng out of the tubes 99@’&50%8/001629

SO as to prevent the top plate 001 from
separating fromthe base plate 002 when the vibration

accuR¥3! AcHORivedy, NlogrRAfEte bbnRIRkI Hard beARRESE] GbCGore
.. that the washers are optional and do not inpact the
different prdsvenepf terapy regimes[(feg@inoppmpgritidey duratien that hase

L. 3 . d h b
suit ﬂslg E?%(k:%é %%&P%{én{)gphéa% 09}@15&89 01 and the bottom

ottom plate 002 is covered with a
thin nmetal sheet (typically made of iron and I 5mm

| N0bBSFABEEHIRS Sl ShicE Mok oo BTG o o

fite e“inter onponents of v
the faysogrers @0thediotthousynfach of thertep pbate 8MioWerraspdridiegly,ifoun

_ ; ] . b
g oy Bk bl f LAY L B oA oy op e
top syifateerfilid base ppate D82 astshewinnit Eigsall-3 althaupbnindy bfo tdteof
siad HEELLE Y MESAE IO 0P (RREPEERupll gl . Ll
diametaw bf emiegitids twbasis tsighthy flargér thhe onershaecded! sichngladd

< ). by nd_| CNLRP .The housing case 003. can.be
pole 4o BTl emld b8 e eI nRP LS hoUE, SR EepongipE Hhice
tube. i&sdiong as alignnj<id 29 packomor off prde buod tube ipaesesatt appropriately,

i hventj on, the.system.100 coul d be.us for..tr .An
the pafbt S Bbve seBicHR Pl BrcSherpaiial Fibes it Htteh
cach l¢heats FHugsha tay eidiy 08¢t dcan edyidbrafoovemiddli e SThie Gubimre

i ssue. . i030] Al.th h t he abaove, descr. Lan
conh S movement BOME or D1t Ui helalite 30 o ioE i ok 30 B
perpeatiula dectiat iﬂﬂaﬁ hﬁhaiﬂm'ae}_n? pegithéris af eRMGEIE oL Sagieds

t served to Il |.ustrate e e I ment
005ABHHT' BAdsY RS el tmmacrrtic YehBy oiges D0A' 8 0los
betwenIthe @kgfﬁdteletmtdma tlk;é Bhie?lb@ﬂmzt@jﬂmgtrﬁﬁnﬁﬁoﬂeksﬁﬁﬂﬁﬂyeqf the

. .nv tion, t. can e.understo t hose skil.le |
vibralifhy T3 4n lFernet R RRRCLG, ot AT i Bolrte msdhgn the
base plalst02 attth@PSsinGs HEhBRRic tiBELOMBAMd (U8, TRRAAhERE of

: f.romt scope .and gpirit of the present invention.
each th#%v%ﬂrﬂfﬁaan ﬁ@%&%rp ameter 19& cathegufe (oM A8H AU S fiat e

guideg;ﬁ)lgs) 08TAUEDOID éhephBshfough thd @aaPpRACES. CliRid¥re, the
' ai ns: 1. Ama%netlc | evitation vibration
downgs;lgq E}ﬂve@Sﬂtp?ﬁ the ﬁ@p plate 001 under loading 1s not restricted by the

base plate 002 even if the guide poles 007A to 007D are long.

[0027] Preferably, a washer 009A, 0098, 009C and 009D is provided at
each of the end of guide poles 007A to 007D, as shown in Fig. 1 to prevent the
guide poles 007A to 007D from drawing out of the tubes 008A to 008D so as to
prevent the top plate 001 from separating from the base plate 002 when the
vibration system 100 is not loaded. It should be appreciaied that the washers are

optional and do not impact the curative effect.

[0028] Optionally, each of the top surface of the top plate 001 and the
bottom surface of the bottom plate 002 is covered with a thin metal sheet



atop plate having a top surface and a bottom
surface; a base plate | ocated under the top
pl ate and having a top surface and a bottom surface,

wé% M%Q surface of the base plate facing th?c?/%‘ﬁ&&?)oomzs:
? nmagne

ace of the top plate; at least one firs
flxed on the bottom surface of the top plate;

(typig%ll %m%ase egmqnmgnﬁ} tﬂlhms)gas the 40P sBild 8 She

) ate| igning wth the first mag
magngtichfield fequithaintamal odrapoteptst a%vmttwesyfsteﬂlsﬂ%m@ﬂmgh
they 19 TRE ThaLA ;B 1’51%9.“% Stisvsef °El%ﬁt39§)fﬁ{i&sééu%ﬁt f&%ﬁﬁloﬁﬁﬁﬁng

magnet s; a one el ectromagneti c
housingt erse O03 qoarpbé thgd%ﬂnsuymmdlﬂgaﬂhﬁ: thp )pme 601 thprdiedtttben

mter?%réo?%%ngﬁts ??hé g@ #Lo%t S%Hgl a?ﬁm tﬁa% GCOIIld ghqutﬂ% the

SUrface ase p I'ghl n
magretie ﬁplpieto ﬁEl fiseraamb thier ekiespr comiroguemdsd as a;d j fudill the
n h
recogu@%%% rdq g%% ard L§<le%trg% ﬁ’lfb{é a%malanl dg%%fhous%gé: 7% gog

can txafm&deeoﬁmmph&tshldkhngam euchom dodirieab.si gnal s; and
a control circuit electrically connected to the | ower
hal f of the actuator and configured to adjust
ng§aR8LdAcedrdingh tc&t]ia)pra@éntt e etidgn, plhatsysiem 168 ponkicbe
etic

used 3, Fp G R GRUP TR By i S amARIRRY | FORT I R, s 2
prophyiretie devitdfor hdxhessin@ttheﬁmﬂ t he base plate are
separated from each ot her.

[0630] Although the above descriptions include many specific
arrangements and parameters, it should be noted that these specific arrangements
and parameters only served to illustrate one embodiment of the present invention.
This should not be considered as the limitations on the scope of the invention. It
can be understood by those skilied in the art that various modifications, additions
and substitutions may be made thereto without departing from the scope and
spirit of the present invention. Therefore, the scope of the present invention

should be construed on the basis of the appended claims.
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3. The magnetic levitation vibration system as
defined in claim1, wherein the first and second
magnets are pernmanent nagnets. 4. The

. levitation vibration system as defpgéniotsioots

Wdﬁ&ﬁﬁ% ? wherein the upper half of the actuato?Nlea »

per manent magnet, the lower half of the actuator is a
coil . 5. The magn@hig: | evitation vibration
systemas defined in claim1, wherein the contro
circuit conprises a signal generator for producing
Vi B @bla@Hct! Bkion AnRRIRIsyRBE] bdi@itsiimani Tyhag the
vi brati6n signals to drive the el ectromagnetic
act tptpdets harngvetopGutiasn e edPteB RS | zi ng AC/ DC
CopVer S0k GOUREc3ha hati R et
nn%%%%?%@yg?gﬁ%ng%E¥%i d fronw%ﬁ%aggnsor wth a o

surfacesthe topravefacoidlse base platr foeing thed oy eitacy on BredpRpiateh
LT gALasP I)neaﬁrgt%%géﬁet ﬂeﬁn%%dﬁ Sitac@8¥the top plate;

at least one second magnet fixed on the top surface of the base plate in
aligning with the first magnet with an equivalent polarity facing the first magnet fo

maintain a repulsive force of the first and second magnets;

at least one electromagnetic actuator comprising an upper half fixed on the

botiom surface of the top plate and a lower half fixed on the top surface of the base

plate in aligning with the upper half;

a controller configured to adjust frequency of vibration of the top plate;
a sensor configured to monitor magnitude of vibration of the top plate to

generate monitored signals; and

a control circuit electrically connected to the lower half of the actuator and
configured to adjust magnitude of vibration of the top plate in response to the

monitored signals.

2. The magnetic levitation vibration system as defined in claim 1, wherein

the top plate and the base plate are separated from each other.

3. The magnetic lévitation vibration system as defined in claim 1, wherein

the first and second magnets are permanent magnets.

4. The magnetic levitation vibration system as defined in claim 1, wherein

the upper half of the actuator is a permanent magnet, the lower half of the

actuator is a coil.

5. The magnetic levitation vibration system as defined in claim 1, wherein

the control circuit comprises

a signal generator for producing vibration signals;

a power amplifier magnifying the vibration signals to drive the

11



a_timer controlling a duration of one treatnent.
6. The nmagnetic levitation vibration system as
defined in claim1, wherein the sensor is an

accel eroneter. - 7. The magnetic |evitation
vi bration systemas defined in claim1 to 6, further
conprising a set of guide devices. 8. The

elecﬁ%gg{g&_ycacw Yd fation vibration system as defined in

erein the set OCG{E}UI de devices conprise at
| exsACAME cquyater Sor wakizing dGRCHMEVERIOhe  op and base

pI %t c%?n;@a?gco?tf& géﬁ#ﬁﬁﬁ?ﬂ hﬂﬁlt&l‘é@%l ate dbRimedhRoMt er

netic levitation vibration
sensos y«sihemehemh@f sorasco qon’@rbletgmsgjnak EAUEFRLPT indight o8 R Agudf;of
east .one washer fixed at one end of the guide pole.

2 CompgTiscf, ?enagneti c levitation vibration system as
dekitingat controlliaigra duratidreefcine teeatthendf t he top surface
of the top plate and the bottom surface of the bottom
plate is covered with a thin netal sheet.

The TiRgmesrietic llexiatian vimationbwsitinoss defisedin eling df Wh@ram
inclaiml fur{her conprising a case configured to
theseB%R%\@‘éa?cﬁ’ “IPBEAnd base plates and shield a magnetic

f|eId fromlnterlor of the case to exterior.

net leV| tion vibratj
GoT Th SrRsopp s s A BT B8, ¢
compﬁﬁﬁgaﬁémegmﬂéldhheasbottom surface of the base pl ate.

8. The magnetic levitation vibration system as defined in claim 7, wherein
the set of guide devices comprise af least one guide pole fixed on one of the top and
base plates and at least one guide tube fixed on the other plate.

9. The magnetic levitation vibration system as defined in claim 8, further
comprising at least one washer fixed at one end of the guide pole.

10. The magnetic levitation vibration system as defined in claim 1, wherein
each of the top surface of the top plate and the bottom surface of the bottom plate
is covered with a thin metal sheet.

11. The magnetic levitation vibration system as defined in claim 1, further
comprising a case configured to package the top and base plates and shield a magnetic

field from interior of the case to exterxior.

12. The magnetic levitation vibration system as defined in claim 1, further
comprising at least three feet fixed on the botiom surface of the base plate.
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