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6 Claims. (Cl. 317—123)

The present invention relates to a novel and improved
type of magnetic device adapted both to induce a magnetic
field in a portion of the space and to cause it to be sup-
pressed, as desired. Such a device is intended to replace
conventional permanent magnet and electromagnet sys-
tems in a large number of practical applications.

The magnetic device according fo the invention com-
prises at least one pair of permanent magnets, armature
members placed in such a manner as to constitute with
at least one of said pairs of magnets a closed magnetic
circuit, said armature members defining, on the other hand,
at least one air gap outside said magnetic circuit, and
means adapted to reverse the direction of magnetization
of one of the magnets of at least one of said pairs of
magnets in order to prevent the flux path to close along
the magnetic circuit formed by said pair and the arma-
ture members and cause it to close through at least one
of said air gaps.

The magnetization of the magnets in one or in the
other direction, in view of energizing or de-energizing said
device, is effected by causing a current to flow, in a suit-
able direction, through coils wound on said magnets. This
current is applied. during a very short period of time, for
energizing the device and during another very short pe-
riod for de-energizing it. For de-energizing the device,
the current is applied in certain coils in the same direction
as for energizing it, and in the opposite direction in the
other coils.

An important advantage of the magnetic device accord-
ing to the invention lies in that it requires substantially no
power supply for its operation except during the short
intervals of time when it is energized or de-energized.

The device combines, in a way, the advantages of a
permanent magnet system—no consumption of electric
current, and therefore no dependency on breakdowns of
energy supply during its operation—with those of an elec-
tromagnet-—easy control, and, more particularly, easy re-
mote control.

The invention will be best understood from the ensuing
description and appended drawings, giving, by way of non-
limitative examples, a few embodiments of the device; in
the drawings:

FIGS. la and 15 dxagrammatlcaﬁy show a device ac-
cording to the invention in inactive and working condi-
tions, respectlvely,

FIG 2 is a schematic view of an eddy current mag-
netic brake which comprises a device according to the
invention;

FIGS. 3 and 4 diagrammatically show the magnetizing
circuit, and iltustrate, respectively, the method of energiz-
ing and de-energizing the magnetic brake of FIG. 2;

FIG. 5 diagrammatically illustrates, partly in elevation,
partly in cross-section; one embodiment of said magnetic
brake; ’ ' B ‘

FIGS. 6 and 7 are cross-sectional views of the magnetic
brake of FIG. 5, taken along axes a—a. and b—b, TeSpec-
tively;

FIG. 8 is a diagram of an alternative embodiment of
the magnetizing circuit;

FIG. 9 illustrates diagrammatically a magnetic brake
having an adjustable braking torque, of which the dia-
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2
grams shown in FIGS. 10aq, 105 and 10c represent the
respective magnetizing coils;

FIGS. 11 and 12 are diagrams of an alternative em-
bodiment of an eddy current magnetic brake, of which
FIG. 13 is a fragmentary, cross-sectional view along A—A
in FIG. 11;

FIG. 14 diagrammatically shows a lifting device com-
prising a magnetic device according to the invention.

Referring first to FIGS. 1a and 1b, a magnetic circuit
is illustrated, consisting of two permanent magnets 1 and
2 and two armature members 3 and 4 of a soft magnetic
material, said armatures forming an air gap 5.

Permanent magnet 1 has a magnetic polarization di-
rected along the arrow as shown, The direction of mag-
netic polarization of magnet 2 may be reversed by means
of a coil 7 wound on said magnet and through which a
current may be caused to flow in one or in the other
direction by means of battery 8 and two-pole switch 9.

In FIG. 1la, the magnetic flux path is closed as shown
by the dotted line: it is apparent that the magnets 1 and 2
form with part of the armature members 3 and 4 a closed
magnetic circuit: such a circuit is known to produce no
external magnetic field: the useful flux of the circuit, i.e.
the flux through the air-gap 5, is then nil.

In view of this, magnets 1 and 2 must obviously form
with the sections of armature members 3 and 4 which join
the ends thereof an actually closed magnetic circuit where-
in the flux is flowing without any appreciable leakage.
This implies that the product of the remanent induction
By by the area of the cross-section S of the magnet is
practically the sameé for both magnets 1 and 2; in the pres-
ent specification, it is assumed that this condition is satis-
fied, both magnets having for instance substantially iden-
tical sections and being made of the same material.

In FIG. 1b, the direction of magnetic polarization in
magnet 2 having been reversed, there is then no closed
magnetic circuit including magnets 1 and 2, and since the
respective flux paths through the magnets close as shown
by the dotted lines, a useful flux will now be produced in
air gap 5.

It should: be noted that, in order for said “useful” flux
to be high, on one hand the product H4.L must be high
(Hy being the demagnetizing field of the material con-
stituting magnets 1 and 2, and L their length). This
may. be derived from the relation: Hy.L=h.l, where h is
the field in the region of the air gap and the load, i.e. the
“useful” induction which it is desired to obtain and [ the
length of the air section equivalent to the parasitic air
gaps and to the load attracted by the device, which is a
given data depending on dimensions of the load.

In order that the two above conditions be satisfied, ie.
that both products H4.L and B.S be high, it can be shown
that the value assigned to Hy must be comparatively large.
Therefore, pieces 1 and 2 should be made of a material
having a high coercivity, substantially higher, in any case,
than that of the so-called “soft” magnetic materials.

While the above discussion lays no claim fo being
stnctly rigorous, it is to be understood that the validity
of the invention is in no way 1mpa1red thereby. These
explanations only tend to a better understanding of what
is meant by “permanent magnet” in the present specifi-
cation. A “soft” material, even presenting a remanent
induction which might appear sufficient to provide the
useful ‘flux which it is desired- to obtain, could not in
practice constitute the permanent magnets” used in the
device of the present invention (since its coercive force
w111 not be sufficient, as mentioned above),

However, the coercive force of the material forming
these magnets may be the lower, as the desired effective
indaction is Iower, the parasite air gaps are smaller and
the ‘magnetic material forming the charge is thé more
permeable. In certain limiting cases, the term “perma-



2,089,064

3

nent magnet” may therefore designate a piece made of
permanent magnetic material, comparatively close to a
soft magnetic material, but the coercive force of which
is substantially higher than that of the material constitut-
ing the armature members 3 and 4.

It may finally be observed that the material forming
the “permanent magnets” 1 and 2 will preferably be an
oriented magnetic material, as will be more fully ex-
plained hereinafter.

The shape and the arrangement of the various parts
of the magnetic circuit are illustrated diagrammatically
in FIGS. 1 and 15, while a few embodiments of the device
will be described which are preferred in relation with the
particular applications considered. Cther forms and
arrangements are, however, also possible, within the
scope of the invention, as defined by the appended claims.

In said definition, at least two permanent magnets are
considered; it should however be noted that the two
permanent magnets may also be placed side by side so
as to build a single piece, provided however that the two
halves of this single piece may be magnetized, respectively
along two opposite directions of polarization.

The various advantages of the magnetic device accord-
ing to the invention have been briefly mentioned here-
inabove and will appear more clearly from the following
non-limitative examples.

The first of these examples relates to an eddy current
brake.

The diagram shown in FIG. 2 illustrates an eddy cur-
rent magnetic brake, wherein reference numeral 11 desig-
nates a rotating shaft the movement of which is to be
braked up, 12 a rotor rigidly locked to said shaft (shown,
by way of example, in the shape of a disc), 13 a station-
ary yoke supporting a magnetic device indicated diagram-
matically as formed by pieces 14 and 15 and which is
adapted to generate eddy currents in rotor 12. Yoke 13
may also form part of the magnetic circuit of the device.
It will absorb the magnetic attraction effort on disc 12
and support the rotating shaft, for instance on a ball
bearing 16 and sleeve 17.

It is to be understood that this general arrangement
of the braking device is not limitative, the novel feature
of the invention lying in the magnetic device 14—185,
the operation of which is illustrated in FIGS. 3 and 4.

The device illustrated in FIGS. 3 and 4 comprises four
permanent magnets 18, 19, 28, 21. Pieces 22, 23, 24, 25
of a soft magnetic material, are interposed between the
magnets, The permanent magnets 18 through 21 con-
stitute a closed circuit having a center of symmetry, any
two points of said circuit which are symmetrical with
respect to said center of symmetry, having the same in-
tensity of magnetization or a directly opposite intensity.
This result may be obtained by making use, for the manu-
facture of the magnets, of an oriented magnetic alloy.
These alloys present a preferred direction along which
the magnetic properties are particularly high; the vector
intensity of magnetization may then assume directly op-
posed values parallel to said direction.

In the case of FIG. 3, a current is caused to flow through
coils 26, 27, 28, 29 in such directions that the circuit
becomes magnetized, along a preferred direction of the
magnetic material, in the direction indicated by the
arrows.

Under these conditions, the circulation of the magnetic
field vector along the closed circuit thus formed being nil,
and the fields at two symmetrically located points of the
circuit being equal, it may be readily shown that the mag-
netic field is necessarily nil at any point inside the circuit
except for a low residual field due to the heterogeneity
of the magnets. Moreover, the external field is also sub-
stantially nil and no appreciable residual braking effort
is exerted by the magnetic brake.

In the case of FIG. 4, by causing a pulse of current to
flow, in the same direction as in the case of FIG. 3,
through coils 26 and 28, and in the opposite direction
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through coils 27 and 29, a field distribution will be ob-
tained—as shown by the arrows—such that each point
of the circuit corresponds to a symmetrically located point
having a directly opposed field. Under these conditions,
it may be shown that the circuit generates a magnetic
fieid: by properly dimensioning the magnetic circuit and
selecting the magnetizing current intensity, this field may
cause eddy currents of an intensity appropriate to the
desired braking action to flow through rotor 12 (FIG. 2).

An essential advantage of the system described lies in
the fact that there is no power consumption except during
the very short time interval when the current must flow
through the coils in order to energize the magnets, i.e. at
the instant of enmergizing and at the instant of de-energiz-
ing the braking device. The total power consumption is
finally much smaller than in the case of an electro-magnet
working in the same conditions.

The reliable and efficient operation of the magnets re-
sults from the fact that they always operate, after being
magnetically saturated, at a stable point of their hystere-
sis loop: the geometrical dimensions of the circuit and of
the air gap may be constant by construction, while the
magnets, after being magnetized at the saturation point,
maintain a stable magnetization during the entire braking
operation, they also maintain a stable magnetization,
along the same direction as the former for some of the
magnets and in the opposite direction for the others, dur-
ing the entire period of time when the brake is not oper-
ating.

In a practical development of the braking device de-
scribed above, the pulses of magnetizing current may be
readily provided, for instance, by the battery of the vehicle
on which the device is installed,

Certain quite specific novel applications of the device
may be considered: for instance, for braking up carriages
moved by gravity and driven down a slope, the electrical
power supply for energizing and de-energizing the braking
device may be provided by external sources located at the
top or at the bottom of the slope, no energy supply source
being provided on board the vehicle.

It is to be understood that the circuit in FIGS. 3 and 4,
which forms the essential part of the magnetic device of
the invention, could be associated to devices other than
the brake in FIG. 2, which has been given by way of ex-
ample solely.

On the other hand, it will be noted that the principle
of the device illustrated in FIGS. 3 and 4—and which is
a particular embodiment of the more general type shown
in FIG. 1—implies only that the arrangement of the
permanent magnets be symmetrically repetitive; the num-
ber and shape of the magnets and of the pieces of soft
magnetic material which consttiute the external circuit are
by no way limitative,

In the embodiment of FIG. 2, it has been assumed that
the portion of the magnetic circuit not including the
magnets, and indicated schematically by pole pieces of
soft magnetic material 22, 23, 24, 25 (FIGS. 3 and 4) is
in the shape of bars such as 14 and 15, adapted to con-
stitute a closed magnetic circuit incorporating rotor 22.
It should however be noted that, provided the latter con-
dition is satisfied, the shape of the pole pieces is not
limitative.

A practical non limitative embodiment of the device
is represented diagrammatically in FIGS. 5, 6 and 7.

In these figures, permanent magnets 18 through 21
form with bars 22, 23, 24 and 25, made of a soft mag-
netic material, a hollow cylinder which is shown in the
lower half of FIG. 5 in cross-section parallel to its axis.
A yoke of soft magnetic material, engaging each end of
this cylinder, comprises, in the example described, four
circular sector elements such as 30 to 33, FIG. 7.

Each one of these sectors is spaced apart from the other
two adjacent selectors by an air gap such as 24, of sufficient
width for the flux derived from one of the north sectors
to be prevented to pass directly to the adjacent south
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sector and thus short-circuit the disc. Moreover, each
sector is in contact with one of the bars, of which it forms,
in a way, the pole shoe. In operation (the fields being
distributed as shown in FIG. 4), the magnetic flux con-
centrated by the bars 22 through 25 develops across the
respective corresponding sectors 30 to 33 and the mag-
netic circuit closes on passing from one sector to. the ad-
jacent omes (the latter corresponding to- south poles if
the sector considered corresponds to a north pole),
through the facings portion of the rotary disc (35 or 36).
An air. gap. of proper thickness separates the yoke (30 to
33) from the corresponding disc 35. The discs are
rigidly. locked to. the rotating shaft by sunitable means not
shown.

FIG. 8 shows in cross-section the magnetic circuit of
an alternative embodiment of the device. For the sake
of simplicity of construction, the permanent magnets (37,
38, 392, 40) have been given a flat shape. Reference
numerals 41 through 44 designate bars of soft magnetic
material; reference numerals 45, 46, 47 and 43 designate
shims.

It is essential to note that, in the magnetic control de-
vice just described, there occurs no undesirable fluctuation
of the braking torque due to an increase of the tempera-
ture of the coils of the magnetizing circuit.

On the other hand, said torque may be readily adjusted
by reducing the strength of the magnetizing current or by
modifying the direction of polarization of the magnets
of part of the circuit.

According to the invention it is preferred however to
divide the circuit into several circuit closed sections, ener-
pized independently from one another, so that each one
produces in the air-gap of the device an induction adapted
to the desired control operation.

FIGS. 9 and 10a-105-10c illustrate, by way of ex-
ample, an embodiment of a braking device of this type.

In these figures, 52 designates the disc, 53 the magnetiz-
ing circuit, the latter consisting of three closed circuit sec-
tions 49, 58, 51 which are respectively energized by three
sets of coils 49A—49B (FIG. 10a), 50A—59B (FIG.
10h) and 51A—51B (FIG. 10c).

Such a braking device might have: a low-torque op-
erating position, in which circuit 49 is energized so as to
produce a field in the air gap, circuits 50 and 51 produc-
ing no fields; a medium-torque operating position, in
which circuits 49 and 50 produce a field; a strong torque
operating position, in which the three circuits produce a
field; and a zero position, in which none of the circuits
produces any field.

Preferably, the energization of the device will be ef-
fected by acting simultaneously on the energization of
all the circuits which must generate a field. However,
upon acting gradually on the energization of the circuits,
it will be necessary, when energizing the device, to act
successively on circuits 49 through 51 and, when de-
energizing the device, on the magnetization of core 51,
then 50, then 49, in the order mentioned.

In the non limitative embodiment of FIGS. 10a~10b—
10c, the top half-circuits 49A, 50A, S51A remain perma-
nently magnetized in the same direction, while the bot-
tom half-circuits 49B, 50B and 51B will be separately
magnetized with one or the other direction of polariza-
tion, through the use of commutators 54, 55 and 56, for
their energization or de-energization.

In FIGS. 11 to 13, the same reference numerals desig-
nate similar elements: 61 is a rotating shaft, 62 one or
a plurality of discs rigidly locked to said shaft, 632 and
64a a first pair of permanent magnets secured to two
pole pieces 652 and 664 of a soft magnetic material, 63¢
and 64e a second pair of magnets secured to two pole
pieces 65¢ and 66e¢.

As is apparent from FIG. 13, the practical embodi-
ment described comprises eight pole pieces facing each
disc, and a pair of permanent rectilinear magnets parallel
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to the axis of rotation are secured to each of said pole
pieces.

There has been diagrammatically shown the windings
which are adapted to energize these bars parallel to their
greater dimension by causing to flow therethrough cur-
rents of proper direction during a very short interval of
time, for the energization or de-energization of the de-
vice. Letters S and N designate, respectively, the south
and north poles of the magnets when the device is not
operating (FIG. 11) and when it is operating (FIG. 12).

In FIG. 11, each pair of bars (for instance 63a, 64a)
constitute, with the associated pole pieces (65a, 66a),
a closed magnetic circuit producing no field in air gap
67.

Upon reversing the magnetic polarization of magnet
63a and of magnet 63¢ (by causing a properly directed
current to flow, during a very short time, through their
coils), the flux of each of the two coils of the pair (63a,
64¢) will close through one of the magnets of the pair
(63d, 64¢), through air gaps 67.

In the example of FIGS. 11-13, the direction of mag-
netic polarization of a second pair of two magnets per-
taining to two distinct pairs, and, sequentially, of a third
and a fourth pair, may be reversed: there is thus ob-
tained a control in five steps of the value of the magnetic
flux produced in air gaps 67 (the first step, which cor-
responds to the zero value, being shown in FIG. 11).

It may be shown, on the other hand, that such an ar-
rangement will provide a gradual energization or de-
energization, while providing an operation of the mag-
nets with an optimum efficiency. The value of the sup-
ply voltage being predetermined, it is obvious that since
it can be applied successively to the various sets, instead
of being applied to the whole structure, the coils final-
ly may be made of a wire having a highly reduced diam-
eter, which permits reducing the size of the device.

In FIG. 13, the eight pole pieces (shown in dotted
lines) 68a to 66h are located at the respective ends of
the device.

In this figure, the two bars 63q and 64a and the coils
wound on them (68 and 69, respectively), have been il-
lustrated in cross-section.

The skilled man will readily be able to determine the
ratio_of: the cross-sections of the magnets and associated
pole pieces in such a manner that the magnetization con-
ditions be such that, in the rest position of the device,
each magnetic circuit generates no appreciable induc-
tion in its air gap.

The principle, as described above, of the control of
several magnetic circuits according to the invention by
a single battery is one of the features of the invention and
can be applied, not only to a magnetic clutch or brake,
but to any equipment—for instance a lifting device—
comprising a magnetic device according tc the invention.

This also applies to other essential features of the mag-
netic circuits just described, the magnetic brake being but
one of the many possible applications of the invention,
among which the applications to the lifting devices are
particularly important.

The lifting device illustrated in FIG. 14 comprises es-
sentially two permanent magnets in the shape of bars 7§
and 71, joined by means of two pole pieces of a soft mag-
netic material.

The figure also shows the energizing coils 74 and 75
of the bars 7¢ and 71.

The operating principle of the apparatus is the same
as that of the braking device described hereinabove: in
the device illustrated, it is assumed that a current is
caused to flow, during a fraction of a second, through
cojls 74 and 75, such that bars 76 and 71 are magnetized
with the indicated directions of polarization: the mag-
netic flux will then close through the piece to be lifted
(tube 76), and the device is them in operation; upon
causing a pulse of current to flow in the same direction
as above in one of the coils 7475, in the opposite di-
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rection in the other, the flux will close through those
portions of the pieces 72 and 73 which are located at the
level of bars 70 and 71, thus de-energizing the device.

It will be noted that the operating security of such a

lifting device is particularly remarkable, since the lifted

object remains in an atiracted position as long as no
current, properly directed for reversing the direction of
polarization of certain magnets as shown above, is sent
through the corresponding coils.

Another advantage of the invention lies in the fact that
the described lifting device may be used with an increased
loading factor without fearing excessive heating of the
coils or exhaustion of the source of power supply.

It is to be understood that the above embodiments
are by no way limitative: for instance, without departing
from the scope of the invention, a plurality of structures
such as that illustrated in FIG. 14 might be grouped in a
single lifting device.

The magnetic device according to the invention may be
used, owing to its very low energy consumption, in a
certain number of applications of the magnetic control
which have been considered as practically impossible until
now with conventional electromagnets or other known
magnetic devices: for instance, it has been possible to
develop a completely autonomous mobile lifting truck car-
rying, supported on a carriage or other light vehicle, a
magnetic device for loading and lifting magnetic objects
(or objects contained in packings provided with certain
magnetic parts).

This magnetic device, developed according to the prin-
ciple disclosed by the present invention—and contrary to
an electromagnet—has a sufficienfly low energy con-
sumption so as to enable it to be fed by a battery of
accumnulators, the load of which is maintained by the
electric dynamo of the vehicle engine.

What is claimed is:

1. A magnetic device comprising at least one pair of
permanent magnets, armature members forming with at
least said one pair a closed magnetic circuit and defining,
on the other hand, at least one air gap outside said cir-
cuit, said magnetic device comprising means adapted to
reverse the direction of magnetic polarization of one of
the magnets of at least said one pair, whereby the flux is
prevented to close along the magnetic circuit formed by
said pair and said armature members and caused to close
through at least said one air gap. :

2. A magnetic device comprising armature members
and at least two pairs of permanent magnets said two
pairs of magnets forming with said armature members

a closed circuit having a center of symmetry, the intensi-

ties of magnetization at any two points of said circuit
which are symmetrical with respect to said center of
symmetry having the same magnitude, said armature
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members further forming at least one air gap outside said
circuit, said magnetic device comprising means adapted
to reverse the direction of magnetic polarization of one
of the magnets of at least one of said two pairs, whereby
the flux is prevented to close along the magnetic circuit
formed by said pair and said armature members and
caused to close through at least said one air gap.

3. A magnetic device comprising at least one pair of
permanent magnets, armature members forming with at
least said one pair a closed magnetic circuit and defining,
on the other hand, at least one air gap outside said circuit,
said magnetic device comprising energizing coils associ-
ated with at least one of the magnets of at least said one
pair; a source of energizing current and switching means
connecting said energizing coils to said scurce.

4. A magnetic device comprising a plurality of pairs
of permanent magnets, armature members forming with
the respective pairs a plurality of closed magnetic circuits
and defining, on the other hand, a plurality of air gaps;
a common electrical supply source; a plurality of ener-
gizing coils each wound on at least one of the magnets
of each of said pairs and switching means connecting said
energizing coils to said source.

5. An eddy current control device of the type wherein
a piece rigidly locked to the piece the movement of which
is to be controlled is linked with a magnetic flux which
can be suppressed and re-established, comprising at least
one pair of permanent magnets, armature members form-
ing with at least said one pair a closed magnetic circuit
and defining, on the other hand, at least one air gap
outside said circuit, said magnetic device comprising
means adapted to reverse the direction of magnetic polari-
zation of one of the magnets of at least said one pair.

6. A lifting apparatus comprising at least one magnetic
device including at least one pair of permanent magnets,
armature members forming with at least said one pair a
closed magnetic circuit and defining, on the other hand,
at Jeast one air gap outside said circuit, said magnetic
device comprising means adapted to reverse the direction
of magnetic polarization of one of the magnets of at least
said one pair, whereby the flux is prevented to close
along the magnetic circuit formed by said pair and said
armature members and caused to close through at least
said one air gap.
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