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The present invention relates to an electric vibrator
consisting of an annular yoke of magnetizable material
with two end pieces and intermediary side pieces and
with two or more projecting pole legs which are pro-
vided with pole shoes and extend from the centre of the
side pieces towards the interior of the ring, and having
an oscillating member which is movably mounted in its
longitudinal direction between the end pieces of the yoke
and which at its central section is separated from the
pole shoes by air gaps, the said vibrator having further-
more two or more permanent magnets disposed between
the end pieces of the yoke and the projecting pole legs,
in addition to which means are provided to magnetize
the oscillating member with alternating polarity.

There are known vibrators of the aforesaid kind, but
they are distinguished from the vibrator according to
the present invention thereby that the magnetic system
has poles of opposite nature in the two end surfaces,
whereas the vibrator according to the invention is char-
acterised thereby that the magnets have poles of like
nature at the end pieces of the yoke, so that the oscil-
lating member consists of a cylindrical armature through
which a magnetic flux passes from the pole shoes to the
cylindrical surface of the armature and further out
through the end surfaces of the armature and through
alr gaps to the end pieces of the yoke. Furthermore,
coils are provided coaxially with the armature between
the projecting pole legs and the end pieces of the yoke.

The result obtained hereby is that the alternating field
does not weaken the permanent field, but, on the con-
trary, intensifies this field, which is of vital importance
to the durability of the permanent magnets,

In contrast to the known vibrators an essential fea-
ture of the vibrator according to the invention is, fur-
thermore, that the yoke constitutes a magnetic connec-
tion between the like poles of the magnets, and that the
magnets disposed between the one end piece of the yoke
and the projecting pole legs intensify the field of the mag-
nets disposed between the other end pieces of the yoke
and the projecting pole legs, so that the resulting perma-
magnetic field is strongest at that end of the armature
where the air gap between armature and yoke is nar-
rowest.

As a result of this the permanent field is largest when
the alternating field is largest, which also prevents a
demagnetization of the permanent magnets; as a further
result the force that carries the armature into its extreme
position attains its maximum in that position, which is
of importance for the transmission of this force to the
load connected with the vibrator.

In the known vibrators of this kind the oscillating sys-
tem is guided in axially movable ball bearings, whereas
an essential feature of the vibrator according to the in-
vention is that the armature is suspended between re-
silient members, the tensional force of which, when the
armature touches one of the end pieces of the yoke, sub-
stantially equalises the attraction exerted by the field of
the permanent magnets.
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As a result of this, the force originating from the alter-
nating field attains its maximum in the said extreme po-
sition. . N ) )

In order to obtain a maximum efficiency of the vi-
brator according to the invention, provision has been
made to obtain that the resilient members are tuned in
such a way that in combination with the mass of the
oscillating system and with, for example, an outside ef-
fect produced by the load to which the vibrator is sub-
jected, they give the oscillating system a natural period
equal to the number of cycles of an alternating current,
which is fed to the coils, or a multiple of the said number.

The special conditions of the magnetizing and de-
magnetizing fields will now be more fully described with
reference to the drawings, in which:

Figure 1 shows diagrammatically a vibrator according
to one embodiment of the invention,

Figure 2 shows a convenient embodiment of a vibrator
in accordance with the invention, viewed from above,

Figure 3 is a section of same on a plane parallel to
the plane of the yoke,

Figure 4 is the same, on a central section at right angles
to the section shown in Figure 3.

Figure 1 shows diagramamtically a vibrator of the
said kind, consisting of a yoke 1 of laminated, magnetic
soft iron and provided with an armature 2 of the same
material. The armature 2 is surrounded by two coils
3 fed with alternating current.
from each other by projecting
shoes 5.

Between the projecting pole legs 4 and the upper and
the lower end pieces of the yoke 1 there are disposed
bermanent magnets 7 in such manner that the pole shoes
5 receive a definite polarity, whereas the end pieces of
the yoke 1 receive a different polarity. If the pole shoes
5 is a north pole, each side of the vibrator will have two
magnetic circuits in which the flux passes from the pole
shoe on to the cylindrical surface of the armature and
through the end surfaces of the armature out into the
upper and the lower end pieces of the yoke, hence to
return through magnets 7 and the pole leg 4 to the pole
shoe 5.

'The armature 2 is provided
and mounted on a shaft 8 so as to be capable of freely
oscillating in the direction of the shaft. When the coils
3 are fed with alternating current, the armature will make
time oscillations with the alternating current. However,
the magnets are not subjected to demagnetizing forces of
similar magnitude as those in the known designs, and
this will now be described in detail.

Assuming that the field of the coils 3 is oriented during
a half cycle in such manner as to intensify the magnetiza-
tion of the upper magnets, this means that the armature
is simultaneously pulled up into its upper position. Con-
sequently, the field produced by the upper coil has a
closed flux passage to pass, and so it will be compara-
tively powerful. The fact is that the lines of force will
pass through the upper part of the armature and through
the upper end piece of the yoke, hencefrom to be divided,
one portion of the lines of force passing down through the
upper magnets, and another portion passing through the
vertical sides of the yoke. From the vertical sides of the
voke the lines of force bass on to the lower end of the
lower magnets, and a part of the lines of force hence
bass up through the lower magnets to join the lines of
force passing through the upper magnets. Through the
pole legs 4 and the pole shoes 5 the lines of force return
to the armature. Such portion of the flux as does not
pass through the magnets is passed on through the lower
end piece of the yoke and up through a comparatively
large air gap between the lower end piece of the yoke and
the armature.

It will be evident from the foregoing that the lines of

pole legs 4 with pole

with air gaps at either end

The coils are separated
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force from the upper circuit, if, for example, the upper
end of the armature is a north pole, will pass through
the magnets from the upper and the lower end pieces of
the yoke inwards toward the pole leg, so that the perma-
fient magnets, which in this. case have a south pole at the
upper and the lower end pieces of the yoke and'a north
pole at the pole leg, will-have their magnetization in-
Creased.

Conditions are the same in the circuit produced by
the lower coil except that the fields produced here tend
to weaken the permanent magnets. However, these fields
are insignificant, since the circuit here in the case of all
the lines of force comprises the big air gap. between the
lower end of the armature and the lower end piece of
the yoke. Consequently, the fields which tend to intensify
the permanent magnets will overcome the fields which
tend to weaken the permanent magnets. When the flow
of the alternating current is reversed, the armature will
be in its central position on its way towards. its lower
extreme position, so that conditions will be identical for
the upper magnets as described above for the lower
magnets when the yoke is in its top position.

Figures 3 and 4 disclose how the vibrator is con-

structed in a commercial embodiment. The yoke 1 and
the magnets 7 are here mounted each in their plane,
as shown in Figure 2, the said planes being at right angles
to each other. so as to give the vibrator a compact con-
struction. End plates 6 are provided around the upper
and the lower end pieces of the yoke 1 so that the per-
manent magnets 7 are mounted between the end plates
6 and the pole legs 4. The shaft 8 is suspended by
springs 9 fastened between the yoke 1 and nuts 10 which
are screwed on the ends of the shaft 8. As a result of
this the tensional force, which is rather great, is distributed
on the two springs, which is of advantage, since a single
spring would have to be too bulky to cope with such a
force. The said springs 9 are tuned in such manner that
in combination with the mass of the oscillating system
and, the effect produced by the external load to which
the vibrator is subjected they give the oscillating system
a matural period which is either equal to the number of
cycles of the alternating current or a multiple thereof.
" Furthermore, the springs 9 may be of such resiliency
that, when the armature is in one of its extreme positions
they will actually eliminate the attraction exerted by the
field of the permanent magnets, whereby the alternating
current is afforded a better curvature, since the current
will not have to supply any energy to move the armature
from its extreme position back to its central position and
further owing to the inertia, whereby the influence of the
air gap on the attraction is reduced, the armature being,
in fact, capable of oscillating “in advance of” the alter-
nating current. -

What I claim and desire to secure by Letters Patent is:

1. An electromagnetic vibrator having a ferromagnetic
structure including an outer shell and end plates secured
to the respective ends of said shell, a rectangular yoke
of rectangular cross section inside said shell, said yoke
having two oppesite end portions and two opposite side
portions, at least two pole legs projecting from the inner
surface of said shell perpendicularly to the plane of said
yoke, said pole legs being provided with pole shoes de-
fining a central aperture in which is positioned an arma-
ture mounted for reciprocatory movement to and from
said opposite end portions of said yoke, permanent mag-
nets of parallelopipedal shape mounted between said pole
legs and said end plates and disposed in a central plane
perpendicular to the plane of said yoke, said central plane
containing the axis of said armature, said permanent mag-
nets having first end ‘surfaces with poles of like sign
abutting said yoke end portions and second end surfaces
abutting said pole legs, and coils mounted coaxially around
said armature and adapted to be connected to a source of
alternating current, whereby a plurality of closed mag-
netic paths for the permanent flux are provided through
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the armature and through said opposite end portions of
said yoke, said armature being suspended between resili-
ent members to equalize the attraction in said armature by
the permanent flux in the extreme positions of recipro-
cating movement of said armature, said resilient members
being selected to have under the conditions of use 2
patural oscillating frequency equal to the frequency of
the alternating current fed to said coils or a multiple
thereof.

2. An electromagnetic vibrator having a ferromagnetic
structure including an annular yoke of rectangular ra-
dial cross-section formed from laminated magnetic ma-
terial and having two opposite end portions and iwo
opposite side portions, permanent magnets mounied be-
tween said opposite end portions of the yoke, at least
two pole legs, said pole legs being provided with pole
shoes, sald permanent magnets being separated from said
opposite side portions of the ycke by a substantially in-
sulating air gap and having first end surfaces with poles
of like sign abutting said end portions and having second
end surfaces abutting said pole legs, an armature dis-
posed between said pole ‘shoes, said armature being
mounted for reciprocatory movement to and from said
opposite end portions of the yoke, coils mounted co-
axially around said armature and adapted to be con-
nected to a source of alternating current, whereby a
plurality of closed magnetic paths for the permanent flux
are provided through said pole legs and said armature
and through said opposite end porticns of the yoke, said
armature being suspended between resilient members to
equalize the attraction in said armature in its extreme
positicns exerted by the permanent flux, said resilient
members being selected to have under the conditions
of use a natural oscillating frequency equal to the fre-
quency of the alternating current fed to said coils or a
multiple thereof.

3. An electromagnetic vibrator having a ferromag-
netic structure including an outer shell and end plates
sectired to the respective ends of said shell, an annular
yoke of rectangular radial cross-section disposed inside
said shell, said yoke being formed from laminated mag-
netic material and having two opposite end portions and
two opposite side portions, at least two pole legs pro-
jecting from the inner surface of said shell perpendicu-
larly to the plane of said yoke, said pole legs being pro-
vided with pole shoes, an armature disposed between said
pole shoes, said armature being mounted for reciproca-
tory. movement to and from said .opposite end portions
of the yoke, permanent magnets mounted between said
end plates and said pole legs and disposed in a central
plane in said shell containing the axis of said armature,
said permanent magnets having first end surfaces with
poles of like sign abutting said end plates and second
end surfaces abutting said pole legs, coils mounted co-
axially around said armature and -adapted to be con-
nected to a source of alternating current, whereby a plu-
rality of closed magnetic paths for the permanent flux
are provided through said end plates and said shell and
through said pole legs and said armature and through
said opposite end parts of the yoke back to said end
plates, said armature being suspended between resilient
members to equalize the attraction in said armature in
the extreme positions exerted by the permanent flux, said
resilient members being selected to have under the con-
ditions of use a natural oscillating frequency equal tc
the frequency of the alternating current fed to said coils
or a multiple thereof.

References Cited in the file of this patent
UNITED STATES PATENTS

431,493 Van Depoele oo July 1, 1890
2,579,723 Best oo Dec. 25, 1951
2,632,791 Side — oo Mar. 24, 1953

) FOREIGN PATENTS

625,219 Great Britain ceoeeeen June 23, 1949



