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To all whom it may concern:

Be it known that I, Esrig ZsINDEN, a
citizen of Switzerland, residing at DBerne,
Switzerland, have invented certain new and
useful Improvements in Electromagnetic
Power Devices, of which the following is a

‘specification.

The present invention has refevence to im-
provements in electromagnetic tools and re-
lates more specifically to that class of elec-
tromagnetic power devices in which by the
cooperation of continuous and alternating
current coils a spring influenced armature
is made to reciprocate in synchronism with
the alternating current, and the particular
object of this invention is to improve the
action of the armature-influencing springs
Ly choosing them of different character so
that by reason of their individually differ-
ent natural vibrations or frequency they
serve to compensate the irregularities in the
operation of the spring system as a whole

and also the irregularities in the frequency.

of the actuating current, which irregularl-
ties in the prior art have been found to seri-
ously interfere with the proper operation of
tho device and often are the cause of irac-
ture of one or more springs.

Cvlindrically coiled springs, which are
caused to vibrate in axial direction, do not
vibrate evenly throughout. There will be
set up nodal points where no oscillations
will occur and between such nodes bulges or
loops will develop, very apt to cause i time
fracture owing to local excess stresses.
Turthermore, such partial oscillations will
injuriously affect the proper operation of
the armature, inasmuch as in the known de-
vices of this character the armature and
spring system or unit does not vibrate on a
pure sine line, but on a deformed wave line
coused by wave superimposition.

The use of a single spring or several iden-
tical springs in this connection, thus, is con-
ducive not only to fracture of the springs
but also to uneven operation of the arma-
ture by reason of the stated partial oscilla-
tions.

Tn order to do away with these serious
drawbacks I employ for the indicated pur-
poses a plurality of springs, each of which
differs in natural vibration from every other
spring of the system, with the result that
conﬂ?mgd.they compensate to a large degree
the individunal vibrations, and a mean nat-

ural periodicity of the spring system is ob-
tained which overcomes or paralyzes the lo-
cal excess stresses and thereby obviates or
at least greatly reduces the danger of frac-
tures and assures the perfectly timed and
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evenly powered operation of the armature. -

The natural frequency of the armature-
spring suspension system is to be so chosen
that it falls below the frequency of the alter-
nating current, whereby important advan-
tages are obtained.
properly the tool must have the character
of an electromotor showing the same ampli-
tudes on idle running or under load, that
is to say, the armature must show a con-
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In order to operate -
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stant deflection, and one of considerably less =~

extent than if the frequencies were 1denti-
cal. The constancy of the deflections, how-
ever, aside from the weight of the armature
and of the force and formation of the pole
pieces, is dependent upon the choice of the
spring suspension. If the natural frequency
of the springs-armature system is equal to
the frequency of the alternating  current,
then a considerable deflection of the arma-
ture is obtained, but the uniform sine oscil-
lation of the system would seriously be af-
fected by the tool operation. On the other
hand, the tool operation would not proceed
in a normal manner, since the best effect is
obtained only when the armature oscilla-
tions develop on a pure sine line, that is to
say at a constant amplitude.

T¢ the natural frequency of the system is
chosen to be higher than the current fre-
quency, it is true, the armature can also Dbe
vibrated but in this instance with but little
force, and it can readily be seen that a con-
stant deflection with and without load can-
not be obtained.

If, however, according to my invention,
the natural frequency of the armature and
spring suspension system is chosen to be be-
low the frequency of the alternating cur-
rent, then the armature will show the tend-
ency to lag within the phase relative to the
current.
latter, remaining in step therewith, as it
were, with the effect that even strokes of
constant force result.

The device, thus, already on running idle
is loaded to some extent owing to this en-
trainment of the armature. During opera-
tion vibrations are set up which practically
develop on a pure sine line, becanse the
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It will then be entrained by the -
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springs in.cach reciprocation of the arma-
ture are forced to ‘do double duty, being
first compressed and then extended again,
for contrary to the prior ‘devices of. this
character, no special stop means are pro-
vided for limiting the reciprocations of the
armature. On starting, the armature im-
mediately falls in step with the current and
the amplitude of. its oscillations. rapidly in-
creases until it has reached its normal rate.

In order to make my invention more
readily understood, I will now describe it
In connection with the accompanying draw-
ing, in which Fig. 1 is a longitudinal sec-
tion through, the new device on line I-—I of
Fig. 2, which latter is a cross-section on line
II—I1 of Fig. 1. Fig. 3 illustrates sche-
matically the electrical connections.

The shell or case 1, representing the
stator, contains coils 8 which alternate with
pole shoes 2. The coils are fed from a con-
tinuous current source 4 and are so inter-
connected that each two adjacent magnet
ields are of opposite polarities. The axi-
ally reciprocating armature 8, suitably
guided in the stator as at 11 and 12, is pro-
vided: with coils 15 connected to a source of
alternating current, as at 16, and so- inter-
connected that the respectively adjacent
magnet fields show opposite polarity.” An-
nular pole members 13, supported on annu-
lar ribs 14, partly cover-in the coils 15. The
pole pitch, that is the distance between the
centers of each two: pole pieces, of the coils
15 is identical to that ef the coils 8. The in-
terspaces 17 between the pole shoes 2 are
filled with nonmagnetic material and their
width js substantially that of the pole mem-
bers 13. The co-operation of the coils 3 and
15 is well known in the art and need not be

-enlarged upon here.

Between the armature and the stator there
is interposed in-axial direction a plurality
of coiled springs 18, arranged in substan-
tially cage-formation around the protrud-
ing armature extremity. - These springs thuy
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are casily -accessible and are readily de-
mountably secured at their ends to the stator
and the armature respectively. The springs
are preferably all of different elasticity and
serve, aside from their office of normally
keeping the armatuve in the position of rest
in which the pole members 18 register with
the interspaces 17, to attune the operative
periodicity of vibration of the armature to
the natural period of vibration of the al-
ternating current and also to practically
eliminate self-vibration 'in the individual
springs,

 Bpecial stop means to limit the operative
displacements of the armature are not need-
ed, the spring suspension system by itself
fully serving this purpose.

What I claim is:—

1. In a vreciprocating electromagnetic
power device of the character set forth, in
combination, a stator, an armature axially
reciprocable therein, and a plurality of axi-
ally directed cylindrically coiled” control
springs of individually different natural fre-
quency arranged substantially in cage for-
mation about said armature and their ex-
tremities respectively secured to said stator
and said armature.

2. In a reciprocating electromagnetic
power device of the character sot forth, op-

erable hy alternating and direct current, n

-combination, a stator, an axially reciproca-

ble armature in said stator, and means in-
terposed hetween said stator and said ar-
mature for attuning the pewiodicity of re-
ciprocation of said avmatire to that of the
alternating current and for eliminating
self-vibration in these attuning means, com-
prising a plurality of cylindrically coiled
control springs of mdividually different fre-
quencies and so chosen that the natural fre-
quency of all of these springs together with
the armature is below that of the alteinat-
ing current.
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