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.- ity of the equilibrizm position of any conservative sys: |

MAGNETIC I.EVITATION SELF REGUI.ATING

CROSS REFERENCE 'FO RELA_TED .5
. APPLICATIONS E R

T]ns appllcatlon 58 contmuat:on-m—part of appl:ca- -
'_llon Ser. No. 691,430, filed Apr. 25, 1991, which is a
continuation-in-part of .Ser. No. 593,082, filed Sep. .
. 17,1990, now -abahdoned; and application’ Ser. No. !
- 691,431, filed Apr. §, 1991 issued- with. £1.S. Pat. No. - -

; ;,41,‘?9%?8 and- apphemon Ser No. 764, 734 filed Sep

BACKGROUND oF TH:E IN'VBNTION

"The present invention relates generally to. magnehc
Ievitation devices and .more: part:cnlarly to magnetic -
levitstion self-regulating systems comprising permanent ..
magnets and ferromagnetic cores. eupable of providing . -
the stable hovering of a working body . in’ a magnet:c

field without any: active control system. .
* - In'the year of 1839 S. Earnshaw pubhshed a theorem
[S. Earnshaw: Trans. ‘Cambridge Philosophical Somety

20

electrostatic field do niot have a stable equilibrium posi- 2
tion when they are solely. under the influence of electro- -
-static forces. One hundred years later W.: ‘Braunbek w..

- Braunbek: -Z. Physik. 112 753-763 .(1938)]" “extended -
Earnshaw's theorem to ‘magnetostatic fields. Proofs of
these theoreins are based on the properties of the scalar 30
* potential of a static ﬁeld Such-a potential, being a solu- -
tion of Laplace’s

‘any inward point of a field. It is important 16 note that

- both: of these theorems hold true for a system of free -

3% _-'-'-lmpossible to create.a stable magnetic levitation system: . - '

“this development, a new, quite different,- mechamcal_j' o

. bodies placed. in a field. In this case; any body in the
. field will drift along the lines of force toward the field
. borders (.e. conducting or. ferromagnet:c surfaces) lmtﬂ S
contactmg the border: .
However, if bodies are connected w:th each other by:

" mon-conducting or- non-magnet:e couplers and placed in

freely along the lines of force. To: describe their move-

. -ment it is necessary to complete Laplace’s equation
. (with appropriate boundary conditions) with the equa- .
tions for the couplers, Thus, the theorems mentioned 45
ebovearenotoorrectunderthesec:reums:ances. o
* - Unfortunately, this important realization concerning .
Laplace’s equation. was unrecognized, and these theo-; .

: _remsareshllnsedtodaytoassert(heunposmbﬂnyef
_creating a stable Jevitation system consisting of charged: 50

: ormagneucbodlesmanelectrosuucormagnetostme
. field regardless. of whether there are ‘couplers between -

o them or not. Oonsequently, designers. have. concen- -

. trated on the improvement of automaiic control systems .
. to provide stability of levitation rntherthmconduetmgi
: ._researcheoncernmgasyetunkxmwnpnncsp}esofself--_

regulation that wonld allow self—regulaung magnetlc -

*_levitation systems 1o be created.

Langrange’s theorem ' is used to deﬁsrmme the stabll-'- )

 tem. [Pol Appell: Traité de Mecanique ‘Rationnelle,
Paris, Gau!hler-Villars, ‘Ete. Editeurs']. The theorem. -
statesthatlfalaeertampomuonofaeenservmvesys-ﬁ

tem, the potential energy has a strict local minimum, . ...
65:

then: that position is- a stable. equilibrium point of, the:
- gystem. It:sworthnoungthatthlstheoremendthetwo

 “cited above do not contradict one other. Lagrange’s. 't
: _._theoremeoversabroaderrmgeofcasesthentheearher._.

-tems of the electromag;nenc type use iron cores and -
“electromagnets with an air gap here between. Themag- < - ="
_ - nets donothave ap. eqmlibnum position therem, andthe. .

‘ magnetic field is distributed in such & way as'to create . -
* destabilizing forces only, tendmg to. attract ‘the magnets- '

10
15

. rather than e]ectromagnets This structure: prov;des an:
” ethbrlum position for permanent magnéts in. the air -
- gap and the distribution of the magnetic fild thereinis = . - © '
.- capable of creatmg both stablhzmg and destabﬂ:zmg_._

" forces. - N
. 7. 97-112 (1839)). It siates that charged bodies in any.’
25-'.:pttches is disclosed in' U.S. patent application Ser. No. - -
691,430, a linear synchronous motor havmg enhanced - %
_Aevitational forces. U.S. patent apphcatlon Ser. No. . .

_691 431, serve as examples of these elements.

ation, cannot have an extrema in

40 .

nent: magnets are plaoed in independent magnetostatic -
..ﬁeldsmdeonneetedmoneotherbyngldnmmapenc.l.

~'have a strictly local minimom on a certain position of -
" bodies in field regions.. Potential energy- extrema. are - |

" determined not only by properties of Laplace’s. poten- -
- tials, but also by equations. for the couplers, reflecting -
the restrictions.on the movement-of the: bodies wnder *:
~the effect of the field, Two: essential. eondmons shiould -
-be satisfied o make this iatter assertion true:-
. a)ﬂtebodlsshouldbeeonnectedwmhotherby-
- “rigid non-magnetic couplers; and : o
55.. .
different; mdependentmgnetleﬁeldsorﬁeldsofdlﬁ'er-' .
':mt types {(e.g., magnefic and. gravitational)..

. qmres tWwo major. eomponents "First, a stator ussembly
- includes cylindrical iron cores, extended. elong its:cylin:
““der generatrix, with a symmetrical air gap: extending -

 bétween the core shoes of the core. A]ltheironooresof

- the stator assembly are rigidly connected-to one another. ..

5 218 257

' c:ted theorems. Spemﬁcally, it can be apphed to a een-'
- servatwe system with couplers. .

2

It is known that-the existing magnetlc 1evnanon sys-- -

to the iron cores. S
lnordermprovndestabﬂ:tytotheknownsystems .

'fast-response automatic control system s necessary.
* Such control is expensive to provide and. ias l.lp until- -
" now not been very reliable. R

'Ihemagnenelevmtlon self-regﬁlaung systemsofthe

. present invention usé quite différent elements from the - e '
‘known systems and include- spht:roneoresmthmmr Ll
_-gap between. their shoes rather. than solid- cores. Fur--

thermore the present invention uses permanent. magnets :

A linear synchronous motor. ha\nng vanable pole"_ L

- 764,734, a selfadjusting magnetic suspension for a levi- - .©
“tated vehicle guideway U.S. patent application Ser.No. "~

' SUMMARY OF THE INVENTION BE
The present mvennon has. recognized. that-it-is not-.-'-*i P
as had been prevlously thought. As’a consequence of -

interaction between physical bodies and’ a magnetic'

.. field (without contact andfriction) is possible, which .’
allows one to cmmderably m_ereuse the speed of the'

- independent fields, it is‘obvious that thiey cannot move . - interacting moving bodies.

Tt is possible to show that in- the case where perma

“couplers, the- potenual energy of such: 2 system may

-b) the bodies. comprising the systen:iarepl‘aced i

The magnetic levitation self-regulating. system e

and are fixed on-a non-magnetic foundation,: thus; form-. -
ing the stanomry eomponent of t_he levitation | systenn.

rectmgnlar eross-sectmn, whlch are eoupled together"_-
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by rigid non-magnetic couplers disposed in the air gap.
The’ permanent magnets are magnetized in a direction
across the air gap. The levitator assembly is the mov-
able component of the levitation system and it is capable
of stably hovering in the magnetic field while support-
ing a heavy mass {(i.c., a working body such as a vehi-
cle). The permanent magnets of the levitator generate

5

the original magnetic field and magnetize the stator iron .

cores. The iron cores create a secondary magnetic field.
Both the original and secondary fields create the mag-
netic levitating force, providing stable hovering of the
levitator in the resulting magnetic field.

'Fhe stability of the levitator along two or three mutu-
ally perpendicular directions is required for
applications: forward and rotational motion of the
working body or its stable hovering in the vicinity of its

‘equilibrivm position. In both cases, to provide stability
to the position of the levitator, it is necessary 1o create
a distribution of the magnetic field in the gir gaps of the

stator cores such that any displacement of the levitator 20

from its equilibrium position will instantaneously gener-
ate stabilizing forces tending to restore the levitator.
The properties of any system depend on the properties
ofits componts The components of the system of the
invention comprise:

a. two identical cylindrical parts of a split iron core
that are symmetrical and parallel to one snother and
which are rigidly connected by non-magnetic couplers
in such a way as to form an air gap of constant width;

b. a magnetic unit formed by two cylindrical perma-
nent magnets having a rectangular cross-section, which
are also parallel to one another and connected together
by 8 non-magnetic tic.

The magnetic unit is disposed in the air gap batween
the two parts of the iron core and is oriented along the
gap. However, the cylindrical magnets of the magnetic

unit are magnetized across the gap and point in a direc- .

tion opposite to one another.

The primary magnetic field of the permanent mag-
nets generates the distribution of the resulting magnetic
field in the gap that is capable of providing the total sum
of all the forces applied to the magnetic unit, which is

equal to zero when the magnetic unit is symmetrically
placed within the gap- Hence, the symmetrical position

of the magnetic unit is its equilibrium posxtmn

Analytical and experimental investigations has shown
that the components of the system have the following
characteristics:

10

15

35

45

- &, any displacement of the magnetic unit across the air

gap (within the crosssection of the core) produces a
destabilizing force that attracts the magnetic unit to the
nearest half of the core. The velue of this force is pro-
portional to the square of the displacement value;

b. any displacement of the magmetic unit along the air
gap (within the cross-section of the core} produces a
stabilizing force that tends 1o restore the unit to its

symmetrical equilibrium position;
- ¢. the stiffness of the stabilizing force (i.c., the deriva-
tive of the force with respect to the dlsplacement coor-
dinate) applied to the magnetic unit in the vicinity of its
: ethbnumposmoncanbemcrcasedfromzeroma
maximum by changing the Jength of the coupler be-
tween the two permanent magnets in the unit;

d. if the stabilizing forces are assumed to be oriented
upwards, and the destabilizing forces downward, then
the force distribution applied to the magnetic unit,
which is a function of its displacement in the gap, hes a
saddle-shaped surface with a minimum equal to zero in

50

55
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the vicinity of the origin (i.e., at the equilibrium position
of the magnetic unit). Further, this surface can be sharp-
ened without sacrificing its saddle shape near the origin
by adjusting the léngth of the coupler between the mag- -
nets.

By utlhzmg the above-mentioned features of the in-
vention, it is possible to design various magnetlc levita-
tion self-regulating sysiems by connecting similar com-
ponents (and thus forming the above said stator and
lewtator) in such a way as to orient the stabilizing forces
in mutually perpendicular directions and thus suppress
the dcstabthzmg forees.

In reality, in every single oomponent the directions of
the stabilizing and destabilizing forces are mutuaily
perpendicular, and in the vicinity of the origin the val-
ves of the destabilizing forces and their associatéd rigid-
ities are approxim’ately zero. Thus, due to the above-.
mentioned sharp minimum in the s&ddle-shaped surface
of the force distribution in the vicinity of the origin, the
coupling of the components allows the stabilizing forces

" to prevaﬂ over the destabilizing ones, thus providing

the requisite stability for the levitator.

The present invention can be utilized in a wide vari-
ety of applications. These applications include 2 mag-
netic levitation system for the suspension of a vehicle in
a high speed ground transportation system and mag-
netic bearings that are capable of operating in a gravita-
tional field as well as in a weightless environment. The
present invention is equally applicable to different types
of magnetic suspension systems.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a cross-sectional, front view of a simple
magnetic device used as a component of the magnetic
levitation self-regulating system constructed according
to the principles of the present invention; FIG. 1B is a
graph of the profile of the stabilizing force distribution
as a function of the displacement of the magnet along
the gap; FIG. 1C is a graph of the profile of the destabi-
lizing force distribution as a function of the displace-
ment of the magnet across the gap; and FIG. 1D is a
cross-sectional, front view of the levitation device con-
structed according to the principles of the invention.

FIG. 2is a diagram of the magnetic force distribution
applied to the permanent magnet as a function of an
arbitrary displacement of the magnet in the plane coin-
cident with the cross-section of the gap.

FIG. 3 is a diagram of the magnetic force distribution

_applied to the magnetic unit as a function of an arbitrary

displacement of the magnetic unit in the plane coinci-
dent with the cross-section of the gap.

FIGS. 4A and 4B are, respectively, a cross-sectional
view of the stabilization device construcied according
to the principles of the present invention and a graphical
profile of the magnetic destabilizing forces distribution
applied to the magnetic wnit as 2 function of its displace-
ment along the gap, as well as a graphical profile of the

_ magnetic stabilizing forces applied to the other mutu-

60

65

ally perpendicular magnetic unit as a fonction of its
displacement along the gap. _

FIGS. 5A and 5B are, respectively a cross-sectional
view of an alternative embodiment of the stabilization
device of the present invention and graphical profiles of
the magnetic stabilizing and destabilizing forces distri-
bution applied to the mutually perpendicular magnetic
unjt as a function of its displacement along the gap..

FIGS. 6A and 6B are, respectively, a cross-sectional
view of the levitation device of the present invention



destabilizing forces distribution applied to the mutually.

. perpendicular. magnetic, umts as.a functlon of its: dJs---
_placement along the gap. -

. FIG..7 is a cross- sect:onal view of the magnenc levi- :

tatlon self-regulating system that -provides stable for- .

. ward motion for a vehiclé along an assigned trajcctory, e

5 218 257

R nnd gmphlcal pmﬁles of the. magnetlc stabﬂ:z:mg and . - the’ gap (i e., perpendlculnr to the longltudmal axis. of v

" mch as for & high speed ground transportation system. .
" FIG. 8 is 2 diagram of the magnetic force distribution

* applied to the levitator of the magnetic levitation: self- ]

o regu]nung syst.em used for. lngh speed grou.nd tnmspor-
tation.. -

'-le\rltatmg force,

6

the- mngncts) The levitator assembly, which is a mov-’

‘ablé part of the levitation system, is. capable of stably .= =~ .-~
. hovering in the magnetic field and supporting a heavy. . -
-mass(such as a vehicle or other working body): The - " .-
permanent magnets, of the levitator gencrate the origi- .~

‘nal magneuc ficld and magnetize the stator iron cores. -
_The jron cores create.a secondary- n:agnetlc field. Both. = ... ..
‘the. original ‘and secondary fitlds create a magnetic . -
providing a stable hovering of the. -

. levitator in the resulting magnetic field of the system.

FIG: 9macross-secuonalv:ewofamagneucbemngf

with a horizontal pwo_talamsdesxgnedto work.in &
18

. FIG. lOlsacros-socuonalwewofamagneucbear -
'mgwrthavert:calpwotalamdeslgnedtoworkma-

gravitational field.

gravitational field,

. - FIG, 11 is a cross-sectional wewofamagncucbur
. mg desxgned toworkina wughtless énvironment.

- FIG, 12 is a cross-sectional view of an-alteinative .

- embodiment of the miagnetic beann,g demgned to work

in a weightless environment,
- FIGS. 13A and 13B are; respectively, a- front view,
and a plan view of the magnetic levitation: self-regulat-

" To provide stability in the position of the levitator
assemb!y:tmneoessarytocrutenmagnetlcﬁeld distri-

‘bution in-the gaps of the stator. cores: such fhat any ° :
: dmplacement of the levitator assembly from its equilib- ;-
" rium position instantaneously: generates the stabﬂmng_

-, forces that tend to restore the jevitator..

. creatr. a levitation system that involves permanent mag- ..
-nets and ferromagnetic cores that'is capable of provid- . .

ing the stable hovering of the: levitator in‘a magnetic- -

" field while sxrppomng & heavy mass. refcrred o as. a7

25

mg system designed for the stable hovermg of a work- -

mg body In 2 magnetic field. :
DETAILED DESCRI.PTION

The prescnt invention is concernéd wuh various
" ‘types of magnetic levitation self-regulatmg systems that
can be classified by the following criteria: . -
~ .L systems that are. dlshng‘ulshcd by then' degree of
_ ireedom, which include: .
© &, systems possessing | two-dlmensional stab:l:ty whlch
_are used for stabilizing the trajectory of a’ vehxcle
- {the working body) undergoing forward motion or
" for providing rotational motlon around the pivot .
-axis without: dlstorhon,
b. systems possessing: three-dimensional - stablllty for.

_providing the stable hovering of the. ‘working body o

. in'the vicinity of ifs equilibrium position;
. 2. systems that are dlsungmshed by spomﬁc opora

- tional conditions such as: .

a systems operating in a grav:tahona] ﬁeld, which
.. provide: forward motion, rotationsl motion around .
either the horizontal or the vértical pivot axis, and
: stable hovering in-the magnetic field;

b systems operating in-a weightless. environment and..

petrforming the same functions as in 2(a) above. -

Inspﬂeofsuchvanetymthetyponofmagneﬂclew;f

Theproperhesofanycompos:tesystemdependomts o

componenl:a] properties. Therefore, ench component of

;the magnetic levitation system should have an ethb- .
riuni position and generate 2 stabilizing force. .

“The: followitig -discussion will- demoristrate- how to-

. “Workltlg wyﬂ . FP
.. Considera slmplo magneuc dev:ce (see FlG lA) that.: e

- :mcludcs

30

35

A cylm&hcal lron core (p.-ao) 2 hawng a C-shaped-- '

- cross-section, which extends along the cylinder genera-- - .

. trix (axis OX) with.4" symmetncal air gnp between 1ts<.:
._oore shoes 4. . o
Acyhndncalpermmentmagnet lha\nngaroaangu--- -
lar cross-section ‘with dimensions (1 Xh) is disposed in .

* -the air gap and is magnetized across the gap. The cylin- .

. drical generatrices of both cylinders are paraliel to cach. .

other: The distanice (i.¢;, the air gap) between the mag-:

: ncncpolosmdthecoreshoesisaoonsmundequalto

40

45

. attraction of the magriet to. both core shoes are equal to -
‘one other. Therefore, the sum of all the magneuc forces -
applled to'the permanent magnet i5 equal zero-when the...
* permanent. magnet is in a symmetrical position. Thus,

 the symmetrical position of the magnetlsltsequﬂ:'bnum_ .

tation self-regulating systemns, their structures are com-

. pmedofthesnmee]entsandoperatewcordmgto"'

_. the same principles. . -

As seen .in FIG. 7, the magnet:c levnatlon self-i-
regulntmg system has twa major components. Astator .
sssembly mcludes cylmdnoal iron cores 2,2a, that eX-.

tend dlong its cylindéf generatrix. A symmetrical air
"/ gap g extends between thie core shoes 4,4a. All the iron-

. to one other and are fixed on a non-magnetic foundation

55

‘cores 2,2a of the stator assembly are rigidly connected. 60

5to form the statlonary conﬂponent of the levmmon_

Dlsplac:ng the magnet along axis. 07.. by 'y dmanoe 2.

resuhsmthegenerat:onofaforoeF,.'Ihsfometendsxﬁ'

to move the magnet back to its initial symmetrical posi- - .-
tion and give it a:direction quite opposite to the magnet -
- displacement. Thus, the position of the magnet is stable - .
.-whﬂemowngalongthemsOZ.Thlsforoe:srefcrred”_ﬁ}_
_to as the “stabilizing force”.. - C

~Analytical investigations and exbenments have l.tldl-

- _m‘ledthnttheproﬁleongasafunctlonofthedrsp]aoo-_'-: .
"ment z of the magnet is as shown in FI(. 1B, The stabi- ...
'.'.hzmgforoemthlsﬁgum,nndnlltheducussmnthat .
-follows is assumed to be oriented. upwards.Onconnsee-._.
" “that the convexity.of the curve Fy for small. displace: .- : .
-ments is directed downward, while the oonvexlty for' T

 larger displacements is directed upward: -—

The seoond major- oomponent isa lewtxxor assembly

. that’ includes cylindrical permanent magnéts 1,17 ‘of
. rectangular- cross-section, which are coupled together
by rigid non-magnenc conplers 3,3a. The magnets 11a .

65

The concept.of the “stiffriess of a magnétic foroe” is

defined 2s the derivative of the: foroerthrespectto . .

. the displacement z of the permanent. niagnet,. ‘which:is ..

.-.mathematically described as.k=dF/dz, The st:ffness of "

are dlsposed in. the air: gap and are. magneuzed across. . the stabilzzmg foroe in the de\noe mm‘mos as, the dls-

Asaoonsequenceofthesymctryof!he dewce, the' o
: foroesF,moqnaltozeroandtheforoesF,landFyzof- _
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placement of the magnet increases, reaching a maxi-
mum of k,, under a certain displacement z=Ag, (ab-
scissa of the inflection point of the curve Fy(z) and then
decreases even though the displacement continues to
grow.

Di.r.plaeing the magnet along the transverse direction
of axis OY by a distance y generates a “destabilizing
foree™ Fay=Fy "'"Fyz that tends to increase the displace-
ment. Thus, the position of the'magnet becomes unsta-
ble in the Y direction. An analytical evalpation has
indicated that the profile of Fgy as a function of the
magnet displacement y is as shown in FIG. 1C. One can
see that this curve almost coincides with the quadratic
parabola fi(y)=a)? (the dashed curve in FIG, 1C); The
destabilizing force in this figure, and all of the following
discussion, is assumed to be oriented downwards,

FIG. 2 shows a graph of the distribution of the result-
ing force F(y,z) that is applied to the magnet when
displaced arbitrarily in the eross-sectional plane YOZ,
- Fhe function F(y,z) has 2 smooth saddle-shaped surface
with a smooth minimum at F(0,0)=0.

The stabilizing and destabilizing forces affect the .

magnet in two mutually perpendicular directions. Thus,
it seems that two devices located mutually perpendicu-
lar to one other, with their cores and magnets con-
_nected separately by rigid non-magnetic couplers, conld
create a stable levitation system that suppresses the
destabilizing forces with stabilizing ones.

However, such a result will not occur because in the
vicinity of the equilibrium position of the magnet, the
stabilizing and destabilizing forces have the same order
of magnitude and hence reliable stability is not practi-
cal.

Thus, the simple magnetic device described up to this
point does not have all the properties necessary for
building a stable magnetic levitation system.

To build a satisfactorily stable system it is necessary
to have magnetic devices with a stabilizing force stiff-
ness substantmlly greater than the destabilizing force
stiffness in the vicinity of the equilibrium posmon of the
magnet,

It will next be shown how to mammally increase the

- stiffness of the stabilizing forces in magnetic devices
(see in example, the follwing pending U.S. patent appli-
cations: Ser. No. 691,431 and Ser. No. 764,734). This
increase can be achieved by preliminarily shifting the
magnet from an equilibrium position to the position
corresponding to the abscissa of the inflection point of

the stabilizing force profile. There are two different’

dJsplacemts that may correspond to this preliminary

1 astmctural shift, which is determined by the length
of the coupler; and

2. the shift affected by the weight of the working
body.

To explain the preferred displacersent in detail, con-
sider a component (sce FIG. 4A) consisting of two
identical simple magnetic devices whose axes are ro-
tated by #/2. The cores of the device extend paraliel to
one another with a distance tp between them and they
arerigidlyﬁxedtooneother ‘The magnets are rigidly
coupled in paraliel at a distance tpand from a magnetic
unit. Given that the foree Fyly) (corresponding to
Fx(z} in FIG. 1B) applied to the permanent magnet of a
simple magnetic device has already been determined
above, it is now easy to determine the resulting force
Fyx(y) applied to the magnetic unit.

45

50

35

8

The force Fy(y) attracts a single permanent magnet
into the gap between the two core shoes and depends
enly on the displacement of the magnet from its equilib-
rium position. The force Fy3(y) depends not only on the
displacement -of the single magnet but also on the dis-
tance tg between the two magnets in the magnetic unit.

The equilibrium position of the magnetic unit ¢oin-
cides with the symmetrical center of the component,
with each magnet preliminarily shifted against the cen-
ter of the air gap of its own core (i.¢.,; its former equilib-
rium position) by a distance

y=lt—1/2

This means that if the magnetic unit is in its equilib-
rium position, two equal but oppositely directed forces -
Fpr(y) and Fpr(y) (on the left hand and on the right

of the magnetic unit, respectively) are applied to
the coupled magnets. As soon as the magnetic unit is
displaced from its equilibrium position, the magnitude
of these forces are changed in opposite directions, Thus,
under a displacement y to the right, the force Fyg de-
creases by a value AF,r=k(y)y, while the force F,.L
increases by a value AF_,,L-k(y)y The parameter y is
the dlsplacement of the magentic unit from the equilib-
rium position (FIG. 4B). The resulting force Fys that
tends to return the magnetic unit to its equilibrium posi-
tion is:

Fyx()=Fy0)—Fr()=2k()y

It is important to note that the stabilizing force stiff-
ness of the component in the vicinity of the equilibrium
position can be changed from k=0 (when to=t) to
k=2k,, (When y=¢—2Ap), where Ap is the optimum
value of the preliminary shift of each magnet in the unit
(FIG. 4B) (i.e., the abscissa of the inflection point). This
component is called the “stabilization device™.

The curve Fys(y), with its maximam possible stiffness
k=2k(Apy=2km, is shown in FIG. 4B by the dashed
Line.

.Another version of the stabilization device, which
has two iron cores and the magnetic unit (F1G. 5A), has
similar properties (see patent application Ser. No.
691,431). In this stabilization device the poles of one of
the magnets in the magnetic unit are inverted relative to
the other, The cores of the device are turned to contact
one another at their backs with the resulting magnetic
flux in these assembled backs equal to zero, as a conse-
quence of which they are c'ompletely removed. If the
distance between the two magmets is fo=14-2Ag, the
stabilizing force stiffness in the component reaches a
maximum and eguals 2k,

It is also possible to design a component similar to the
above mentioned component which has analogous
properties but which uses a gravitational field (FIG.
6A). In this component the air gap between the core
shoes as well as the stabilizing force have a vertical
orientation along the axis OZ, and its iron cores are

" assembled similar to the device shown in FIG. SA. In
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the component, the working body, pressing with its
weight W on the upper magnet of the magnetic unit,
provides the preliminary shift Apdownwards as shown
in- FIG. 6A. This device corresponds- -to_the second’
displacement type discissed earlier.

In this embodiment of the invention that utilize a
gravitational field, the magnetic force Fr(z) serves as a
levitational force. This force always equals the total
weight W of the magnetic unit and the working body.



'By choosmg dlmensaons of  the. magnets and cores

- purely to provide a displacement Agthat corresponds to

the inflection point on the original curve Fxz) (FIG.

- .| 6B), the resulting levitationat force Fr.(z) equais the sum
of mag_netrc stabilizing forces apphed to the upper Fo

and bottom Fzp - magnets’

(FL()=Fiz(2)+ W=Fy+Fy~W). The. profile of
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themagnelssndcoresmdﬁxmgthedlstancetnbetwecn"' '

..[F2$(z) shown in FIG. 6B by a dashed Jine. The corre- -

. sponding levitational farce stiffness in the. Vvicinity of the
equilibrium position eqiials twice the maximum stiffness:

2k calculated for the stabilizing force Fz(z). This. ele-

ment is called the “Levitation dev;oe” see patent appli-

 cation ‘Ser. No. 764,734), The simplest wversion of the

lemuondewoe:sshommFlG 1D,

The dingram of the distribution of the force F(y.2)

-them, it is'possible to change the stabilizing force stiff- .~
ness ofthesystem. thus allowiig one'to. #se the horizon- - - L
 tal-force acting in- the horizontal eomponem_'(l.e the . .
_stabilization device) to prevent the attraction of the. . .. -
“vertical magnetic unit to the cores; ‘while the vertical. - .~ -

- -components (i.e., the levitation: device) create vertical: © . .
forces preventing the attraction of the horizontal mag- - -’
metic units to the cores. Rigid couplers and -gravity .. .
‘transfer the forces from onc component tothe otherand . . © .
_prevent free magnetic movement in each.of the compo-. -~ . ..

nents in the direction of the destabﬂlzmg magnetlc-."-“_

'-.forces

- applied to'the magnet of the single- device: (FIG 1A)
depends on. its arbitrary displacement in the plane

- (x==0).and is represented in the form of a saddle-shaped

surface with a smooth minimum of the force F(0,0)=0

.. shown in FIG..2; Byngrdlyconp]mgthetwommﬂar

‘devices ‘of F1G. 1A -this surface is transformed into
another saddle-shaped. surface (FIG. 3) with a- sharp

- minimum of the force: F{0,0)=0 located .in the plane. B
(z=0). By obtaining the component of the two coupled

' "devices, with such disagram of the force distribution.

" applied to the magnetic unit, there is the possibility of .

* ‘designing various -magnetic levitation self-regulating
systems that include rigidly connected devices for both .
stabilization and. levitation. *The stabilizing . forces "~
therein absolutely exceeds the destabmzmg ones in the
vicinity of the équilibrium position of its magnets, thus

- .providing a stable hovering of the magnets: supporung_

‘the working body within the magnetic field.

Various embodiments.of the magnetic levitation self--..'_..
as:

- regu]atmg systems will-be iHlustrated below, For nowiit
is worth erfiphasizing that, whatever design:is used, all
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A surface (see FIG B)wrrespondmgtothemsultmgi'

. force distribution of the system sliown in FIG. 7 is~ -
. created as a sesult of the intersection of two mutually: . -
-perpendlcularssddle-shapedmrfaoes(seeFlG 3)hav- S
-.mgasharpmmunum L R
As shown in FIG, B,undersuchaeombmatlonof

-components. their extrems points: (Fy=0, Fa.=0, for

| ‘FIG. 4 and F;=0, F4y=0.in FIG. 6) coincide with the.

point of stable equilibrium (Le., the. origin-of the coordi-

. natesystem in FIG. 8). The components of the resultant - . ~
force. Fily.z) apphed to. the Ievmltor are desonbed as- | .o
follows S

- Fola=Faa)- sz)-m»-a,ﬂ:»ooa). o
an.z;)ﬁa(y-x)— W—Falpa)= Zk(r)y—w!:»o.- -

: Components of the forces F,,snd F,,, shown in. FIG O
- and FIG. 6 by solid lines, are oriented upwards in the =

-vicinity of the stable eqmllbrlum position, Thus, these:. .~
components are dlrected opposue to the levitator dis-

.- placement.

the systems are. dlstmgu:shed by a common feature—-

. _they all include several devices and compone
to those shown in'FIG. 1,4, 5, and 6. Specifically, all
* ‘the cores in the systems are rigidly fixed on-a non-mag-

_netic foundatron, formmg a stator, Furthermore, all the. -

ent similar - .
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_magnetic ‘units, which are rigidly connected by non-. .

| magnetic conplers, form LS levitator stably hovermg m

the magnetic field.
It is important to point out that because both dewoes,

'le\matron and stabilization, have a cylindrical shape and -

- furthér because of the gravitational’ mdependenoe on

g only twa degrees of fresdom along the axes
OY and OZ in the systemn of the invention: leads avto-

freedom: roll, tilt and pitch,

a the eoordmates, the following conclusion can be drawn: -
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_ Thus,thefactthatthecurvesrepresenungthedesta- S
bilizing forces Fa are nearly quadratic parabolas, guar<. .
~ antees unconditional predominance of the stabilizing ™ .
.forces 'when applied to the levitators in-the vicinity of . -

theongmoftheoo-ordmtes.Anyﬁnslvalueofastahl .

'hnngattmhveforoemthewcmltyoftheongmwﬂl.j :
always-be larger than the destabilizing. force. This is’ .
_'mﬁmtemmalmthewmmtyofﬂleongm,regardlessof
its amplitude. The Jocal minimum of both the resulting .. -
'magnencforcesFandthepotenmlenersyattheongm,_-___

is thereby guarasitesd.

The diagram of the system stabilizing force Fily:s) -~ = .

- . distribition has-a lateral face of an inverted tetrahedral

. 80
- matically. to the elimination of three more degrees of

By rotating the levitator around any | of the mnjor axes

IOX OYoroz,thecorrespondmgoonpleofforces
which tend to restore the levitator to its ethbrrum
_:posmon are mstantly created.
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Thus, from the sbove examples in FIGS.: 4

. through 6, it can be seen that utilizing rigid. couplers

- and/or & gravitational field allows a system to be. cre- -

. ated with magnetic forces.acting in two mutually: per-

. pendicular directions which tend to restore the levitator

_ to the equilibrium position, thus prowdmg system sta-
" bility. To achieve this stability, it is sufficient, for exam-

&0

ple, to rigidly couple together the three. oomponts :

_ _aho\m in FIG. 7. One of thése components is a stabiliza--
~tion device, mdtheothertwoarelewtauonde\nees
‘The stabilizing forces in'these three components are
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o mutually perpendlcular By vsrymgthedlmensxonsof

pyramid (see FIG. 8). The top of the pyramid coincides.. .
with the origin and'its sides are concave near its founda- . .
-, thom. 'Ihevalueofthesxabﬂlmgforeersproportlonalto. o
the value of the displacement of the levitator in the:

planeYOZ.Thepotennslenergyofthesystem(the'.f

result of integrating the force Fi(y,z) is therefore repre- - -
‘sented by &' convex parabolic surface in the: vicinity of © -
_the origin and it has'a Jocal minimum at this point. Con- .-
‘sequently, the requirements of Lagrange’s. theorem are -
7_sshsﬁedsudlooe!mb1htyofthemgneucsystem0fthe- ES

invention is guaranteed.

..~ ~The stable Ievitation system :sdes:gned for forward S
mouonmegrawtanma]ﬁeld To provide the levitation . - -
‘system with stability, its components are provided with - - -
 the following characteristics (see the magnetic devices: -
of FIG. 1 and the components of FIG. 4, §; and 6).. .- .
, s.anydxsplscementofthemagneﬂcumtacrosstheau.
: _gap (within the cross-section of the core) produces-a .- - -
destabﬂmngforoethat attractsthemagnetlc umttothe-_ Do




11 : :
pearest haif of the core. The value of this force is pro-
portional to the square of the displacement value Ag

b. any displacement of the magnetic unit along the air
gap (within the cross-section of the core) produces a
stabilizing force that tends to return the unit back to its
symmetrical equilibrium position and pulls the perma-
nent magnet into the air gap; the stabilizing force in-
creases by increasing the longitudinal displacement z of
the permanent magnet from its equilibrivm position.
Simuitaneously, the stiffness of the stabilizing force
k(z)=dF/dz increases up to 8 maximum k{Ag)=~Kn;

¢. the stiffness of the stabilizing force (i.e., the deriva-
tive of the force with respect to the displacement coor-
dinate) applied to the magnetic unit in the vicinity of its
equilibrium position can be increased from zero to a
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levitation devices (FIG. 7) around the vertical pivotal
axis, so that their cylindrical parts form coaxziz] rota-
tional bodies. It is then necessary to connect together all
the parts with couplers, orienting the stabilizing forces,
vice versa, in the levitation and stebilization devices
along and perpendiculsr to the pivotal axis, respec-
tively. All the iron cores, as well as the bearings with &
horizontal pivotal axis, should be fixed on a non-mag-
netic ring forming an inner race of the bearing which is -
disposed on the shaft of the working body. Al the mag-
netic units should also be connected and attached to -
another non-magnetic ring forming an outer stationary

- race of said bearing.

maximum by changing the length of the coupler be-

tween the two permanent magnets in the unit;

d. the force distribution applied to the magnetic unit,
which is a function of the displacement in the gap, has
a saddle-shaped surface with a minimum that equals
zero in the vicinity of the origin {i.e., in the equilibrium
pasition of the magnetic unit). Further, the surface can
be sharpened (while maintaining its saddle-shape) in the
vicinity of the original by varying the length of the
coupler between the magnets.

The magnetic levitation self-regulating system, if
desipned to work in a weightless environment, should
include as its components only the stabilization devices
(FIG: 4A and 54),

Similarly, it is possible to design a magnetic system
which is stable in all three directions. To achieve this
stability it is necessary to rigidly couple the system that
is stable in only two directions of space to the compo-
nent of FIG. 4A which is oriented along the third direc-
tion. FIG. 13 shows an alternative embodiment of the
systern. The same requirements for the couplers be-

- tween the magnetic units, discussed above for the sys-
tem of FIG. 7, are utilized in this case as well.

The design of the stable magnetic devices of the in-
vention is also applicable to the construction of self-
regulating magnetic bearings. The bearings can work
both in a gravitational field and in a weightless environ-
ment.

Two embodiments are possible for the bearings that
work in a gravitational field: one with horizontal and
one with vertical pivotal axes. _

To construct magnetic bearing with a horizontal
pivotal axis it is necessary to bend the stebilization and
levitation devices (FIG. 7) around the horizontal piv-
otal axis, so that their cylindrical parts form coaxial
rotational bodies. Next, all the parts must be connected
together by couplers, thus orienting the stabilizing
forces in the stabilization and levitation devices along
and perpendicular to the pivotal axis, respectively. All
the iron cores should be fixed on a non-magnetic ring
forming an inner race of the bearing, which is disposed
on the shaft of the working body. All the magnetic units
should also be connected and attached to another non-
magnetic ring forming an outer stationary race of the
bearing

The Jengths of the couplers between the mapnetic
units of the stabilization devices and the outer race
should be adjustable in a vertical direction and are a
function of the weight of the working body.

FIG. 9 shows another embodiment of the invention
that has a horizontal pivotal axis.

To design the magnetic bearing with a vertical piv-
otal sxis, it is also necessary to bend the stabilization and
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The lengths of the couplers between the magnetic
units of the stabilization devices and the outer race
should be adjustable in a vertical direction and are a
function of the weight of the working body.

FIG, 10 shows yet another embodiment of the mag-
netic bearings of the invention. To design the magnetic
bearing for rotation of the working body in a weightless
environment, only the stabilization devices (FIG. 4A
and/or FIG. 5A) can be used. These devices should be
bent in 2 manner similar to those described above. The
only difference in this embodiment is that the devices
should be connected in such a way as to allow some of
the stabilizing forces to be oriented along the pivotal
axis with the remaining forces oriented perpendicular to
the pivotal axis. Another distinction of this embodiment.
is that 2ll the magnetic units are rigidly attached to the
non-magnetic outer race of the bezring. .

The various designs of the magnetic bearings used

under weightless conditions are shown in FIGS. 11 and
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According to on¢ embodiment of the invention the
levitation- device seen in FIG. 7 utilizes a permanent
magnet formed from Crumax 355. The magnet has a
coercive force He =890 KA /M and a permeance coeffi-
cient of 1.07. The Cross sectional dimensions of éach
magnet is S=IX#=005x0.08 m? with the distance
between poles 1 being 0.05 m and the height of the mag-
net h being Q.08 m. .

The largest levitational force Fppgx (per magnet)
occurs When g=0.02 m, for which Fpp,g; is greater
than 1.14/m=11 kN/m/. For a shift of 0.9 g, the dastabi-

. lizing force F(0.9 g) is less than 19/m=10 kN/m (per
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‘nets each  having

magnet). The surplus (f.e., excess) value of the levita-
tional force Fp; is approximately equal to 0.45 /m (per
magnet). '

The stabilization device shown in FIG. 7 uses mag-
a cross. section of
5=]3h=0.1 X0.06m* with a distance between the 1 of
0.1 m. The height h of cach magnet is 0.06 m. The larg-
est attainable stabilizing force Femax (per two magnets)
occurs when g=0.02 m, for which Fayax is greater than
2.2//m=22 kN/m. For a shift of 0.9 g, the destabilizing
force F4(0.9 g) is less than 2.2//m=22kN/m) (per two
magmets). The surplus (excess) value of the stabilizing

force Fy is approximately 1.8,/m=18kN/m (per two
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magnets).
What is claimed is:
1. A magnet levitation self-regulating system com-

_prising monotypic magnetic devices combined together

by rigid non-magnetic couplers; said magnetic device
comprising two cylindrical parts extended along a cyl-
inder generatrix: _
a. an iron core having a symmetrical C-shaped cross
section and an air gap between its core shoes; and
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b a ‘permanent magnet havmg a rectangular cross—
section. d:sposed in said air gap; .
. wherein all thé iron cores of said magneuc dewces
. are fixed on B common foundation by a first plural-

stator assembly;. all the permanent magnets . of said .
‘magnetic devices are connected together by a sec-
‘ond plurality of rigid non—magnenc couplers and .
form a levitator assembly; said permanent magnets
of said levitator: generate an original magnetic field.

and magnetize the stator. cores; said-stator cores

create w secondary mégnetic field; both said origi-
" nal and ‘secondary magnetic ﬁclds create a -mag-

" metic levitation force that provides a stable hover- - -
mgofsmdieyrtatormaresulungmagneucﬁeld of 15

seid system. : B
S 2.A magnetic levitation: self-regulaung system of -

14

' cylmder generatnces are parallel to the: d:reeunn of the-} -
- movement of the workmg body;.said ‘devices are-con-.

nected in such a- manner that the snblllmg forces

. . therein are oriented: -
. ity of rigid-not- -magnetic couplers and formed a § -

- A& in said stabﬂmanon devwes, honzontally, T
b, in said levitation devices; wertically;. all the - lron__
" -cores of said devices are fixed rigidly ori a non--
- magnetic. foundenon and form. a stator assembly; .
_ c. all the magnetic units are coupled by non-magnetic - -

couplers and form-a levitator assembly supporting: '

said worhngbodyandstably havermgmthemag :

. netic fisld;
d. the lengths of said’ oouplers oonnectmg sznd stabxh--_'
_zation devices with:said levitator are adjustable for,
‘preliminary- tunmg dependmg on the weaght ofthc.__
‘working body. - '

7 A magnetic lewfa.tmn self-regulatmg system of_. -

o clazm 1 wheréin sajd permanent magnet is magnetized -

R . “placement: Ag, and then decreases; the  destabilizing

- net displacement value across said gap. Simultaneously -

" netic unit. with a length of said non-magnetic coupler .

o vice™ wherein the lengths of the two.conplers betweén 60

claim 4 designated to provide the rotation of the work-
.ing body around the horizontal axis in the gravity field, = -
~which involvés a magnetic. bemng, whierein the stabili-
3-zatlon and levitation devices are bent with their cylin--
" drical ‘parts forming coaxial rotation- bodies and then’
‘connected together by couplers, orienting the. stabiliz-
mgforcesmsmddewoesalongandperpmdmula:tothc
-pivotal axes fespectively; all the iron:cores of said- de- . -
. ;wcesarcﬁxedonanon-magneucrmg fomnngannmer L
- race of said bearing fitted on the shaft of the working. "~ -
" body; all said magnetic -units are also- connected and.
30 “atitached -to ‘another non-magnetic ring, forming’ an. -
~outer stationary race of said, beann,g; the Jengths of the: -
. _couplers between the magnetic units of the stabilization
_devices and said outer race arc adjustable in a vertical . -

© 3. A magnetic levitation self-régulating’ system of - S
~-claim 2 wherein the stabilizing force increases while the &f““‘m depmdmg on the. ‘"”lght °f "‘“d workmg._ e
v

magnet displacement grows al id d then 35
4 el e ong sald gap 2nd then 8. A ‘magnetic levmmon self-regulaung system of". e

- decreases, though the displacement continues o’ grow..
 Simultaneously, the stabilizing force stiffncss also in- - _mcl;“::ozdmt:dthw Pﬁ:’&e :‘:ﬁ?&‘:n;;zggﬁ'
creases, reaches its maxim certdin S y around the v
es s v o & value of dis- . which involves a magnetic’ bearing, wherein the: stabili
3utron and leviiation.devices are bent with their cylin-

: ncalpertsformmgcoanalrotatlonbodlesandthm-

- _connecled together by couplers; orienting the stabiliz-: .

~ ing forees in- said devices perpendicular and along the -

“pivotal axes respectively; ail the iron cores of said:de- -

“vices are fixed on 8 non-magnetic ring, forming an inner

_race of said bearing fitted on the shaft of the working .

" body;. &l said magnetic units are also- coniiected and. _

- attached to another non-magnetic ring forming an outer. .~

o . "stationary race ofsa.ldbeanng,the iengths of the cou- . =
" between the two said iron cores different from:a length 0 'plers. between the magnetic units of the stabilization. -

- of the coupler bétween the two permanent magnets by .. ‘devices and said ouer race are adjustable in'a vertical -

- value 2Aq; the stabilizing force stiffiiess applied to'said -_;-_dlrecuon dependms on the wusht of smd worlung'
agnetic unit in the vicinity of its equilibrium position’ --body. o
‘equals a doubling of the maximum value of the stabiliz- . 9. A mﬂsneﬂc 10““‘1011 self-regu.latmg syslem of

--mgforcesuffnessofthemnglemagnencdewoe _ - 'ss ‘claim 5 designated.to provide the rotation of the work- -

. B.'A magnetic Jevitation self-reguhhng system’ of : ingbody around a pivotal axis in weightlessness, which: . .-

claim 3 wherein two identical magnetic devices are * involves a magnetic bearing, wherein anly the stabiliza- .

. composed of their cylinder generatrices paratlel to’ each ; tion devices are-used; said stabilization devices are bent. .

other and coupled together, forming a “levitation de- © .. with their cylindrical parts forming coaxial. rotation...
bodlesmdthenconnectEdtogether by couplersiin such .

- & manner that some of them generatesubﬂmng forces -

oriented along the pivotal axis, the other generate stabi-. -

- lizing forces. oriented’ perpendlcu]nrly o it; all the iron. .

cores. of said ‘devices are fixed on a non-magnetic ring®

6. A magnetic levitation self-regulatmg system of 65, forming an inner race of said bearing fitted on the shaft -

clgim 4 deszgnated to provide forward motion of the = -of the working body; all said magnetic_units are also

. working body in the. gravity field, wherein said levita- - connécted and attached to another. non-magaetic rmg

'_non and mbﬂlzauoudewcesare dlsposedsothatthelr ..fo,rmmganonter stauonaryraeeofmd beermg '

'aerosssa;dmgapofsaldcoremdhasapoﬂnonof-"
* unstable equilibrium; ‘'when' seid magnet ‘is displaced w0
~ from its equilibrium_ posmon two magneuc forces ap-
pear which -are: :
oaa stab:l:zmg force pulling said magnet mto the mr
gap along the gap; and -
ba destabilizing force attractmg smd magnet to the 25
" nearest.core shoe across the gap; - -
© ¢ both said forces are appl:ed to.said magnet and lle
" in a plane of its cross-section; .
d. said stablllzmg force tends to retum sald magnet
~ back toits equilibrium position;. - = .-
e. said destabilizing force tends to increase : the mag
net d:splacement from its equilibrium position. -

- force increases proportionally to the square of the mag- 4

the destabilizing force stiffness increases proportionally
to the value of said displacement, starting from zero, .-
4. A magnetic levitation self-regulahng system of -
claim 3 wherein two identical magnetic -devices are: 4-5
composed of their cylinder generatrices parallel to each.
" other ‘and coupled together, forming.a “stabilization
“device” wherein two said coupled magnets form a mag-

the two iron cores and betwéen the two permanent
magnets respectively are-equal 1o each other and. the -
B stabﬂlzmgforceapphedtomdmagnencumt,aswellas
" its stiffness, is doubled. . '
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10. A magnetic levitation self-regulating system of
claim 6 deslgnated to provide the stable hovering of the
workmg body in the gravity field, wherein said stabili-
zation and levitation devices are disposed and con-

nected together in such a manner that their stabilizing -

forces act in three reciprocally perpendicular directions
with the stabilizing forces in the levitation devices ori-
ented vertically; all the iron cores of said devices are
fixed on a non-magnetic foundation forming the stator
assembly; all said magnetic units are also connected by
non-magnetic couplers, forming the levitator assembly
which stably supports the working body in the mag-

netic field; the lengths of the couplers connecting the:

magnetic units of the stabilization devices with the mag-
netic units of the levitation devices are adjustable in a

* vertical direction for preliminary tuning, depending on
the weight of said working body.

"11. A ‘magnetic levitation self-regulating system of
claim 6 designated to provide the stable hovering of the
working body in weightlessness, comprising the stabili-
zation devices only; the said stabilization devices dis-
posed and connected together in such a manner that
their stabilizing forces act in three reciprocally perpen-
dicular directions; all the iron cores of said siabilization
devices are connected by non-magnetic couplers, form-
ing the stator assembly; all said magnetic units are also
connected by non-magnetic couplers, forming the
levitator assembly which stably supports the working
body in the magnetic field.

12. A magnetic levitation self-ragulating system of
claim 10, wherein the horizontal stabilizing forces, gen-
erated by said stabilization devices, and applied to said
levitator, in the v1c1n1ty of the levitator equilibrium
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position suppress horizontal destabilizing forces appear-
ing in said levitation devices; said suppression of said
horizonta] destabilizing forces is achieved by reinforc-
ing the stiffness of the horizontal stabilizing forces by
preliminary shift of the permanent magnets in said mag-
netic units; the vertical stabilizing forces, generated by
said levitation devices and also applied to said levitator,
suppress the vertical destabilizing forces appearing in
said stabilization devices; said suppression of said verti-
cal destabilizing forces is achieved by doubling the
value and stiffness of the vertical stabilizing forces by
vertical displacement of said magnetic unit as a result of
the pressure of the weight of the working body; because
of destabilizing forces which increase proportionally to
the square of the magnet displacement value across said
air gap, the unconditional suppression of the said desta-
bilizing forces by stabilizing forces in thg vicinity of the
equilibrium posmon of the levitator is achievable.

13. A magnetic Jevitation self-regulating system of
¢laim 11, wherein the stebilizing forces, generated by
said stabilization devices, and applied to said levitator,
in the vicinity of the levitator equilibrium position sup-
press the destabilizing forces appearing in the adjacent
devices oriented perpendicularly; said suppression is
achieved by the reinforcement of the stiffness of the
stabilizing forces by the preliminary shift of the perma-
nent magnets in said magnetic units; because of the
destabilizing forces, which increase proportionally to
the square of the magnet displacement value across said
air gap, the unconditional suppression of the said forces
by stabilizing forces in the vicinity of the equilibrium
position of the levitator. is achievable.
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