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My Invention has for its object devices adapted
to ellminate or to reduce the vibrations in ma-
chine parts submitted to disturbing, chiefly peri-
odical, forces. More particularly these devices
are adapted to eliminate or to reduce the flexion-
al oscillations or transversal vibrations of shafts,
satd osclllations or vibrations appearing alone or
together with other oscillations or vibrations
such as torsfonal oscillations of the shaft con-
sidered.

These devices are based on the use of guxiliary
centrifugal pendular masses. the centrifugal
forces being produced by the rotation of the shaft
on which are mounted the movable masses, The
auxilinry masses may rock in a manner such that
their speeds of oscillation have a component par-
allel to the axis of the shaft and, to this end, the
auxliliary masses may rock in planes parallel to
the axis of the shaft or passing through same,
or oblique with reference to said axis, The aux-
{lfary masses may alsc rock after the manner of
spherical pendulums or pendulums oscillating in
space,

Under such conditions, the movements of the
auxiliary masses may oppose different vibrations
in the machine parts and chiefly flexional oscil-
lations of the shaft, or else simultaneously, tor-
sional and flexional oscillations of sald shaft.

I have proved it is of essential interest t0 make
use of auxiliary solid masses, which are not sub-
mitted to elastic action, such as the action of
springs nor to frictional action, and which are
moreover entirely free,

It is often of advantage for the movements of
the auxiliary masses to be a rolling motion, In
fact, the guxillary masses may theinselves form
rolling parts rolling directly on races Integral
with the shaft generating the centrifugal forces.

These races may show a simple or a double
curvature and the guxillary masses may move
without sliding on their races after the manner
of pendulums in space.

It 1s of interest for obtaining the maximum
efficlency against periodical disturbing forces, to
provide certain constructional conditions which
are substantially equivalent for the auxiliary cen-
trifugal masses to conditions of resonance with
reference to the disturbing forces.

In other words, the system of auxiliary masses
must, under the action of centrifugal forces, have
natural periods such that at least one of them
has a value af least approximatively equal to one
at least of the perlods of the disturbing forces.
Generally speaking, the guxillary masses may
have any shape. However, when rolling auXxillary
masses are used, thelr rolling surfaces, directly
carried by these masses, are advantageously sur-
faces of revolutlon and, in particular, cylindrical
or spherical surfaces,

More particularly, the auxiliary masses or cer-
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tain of them may be completely formed by bodles
of revolution and, In particular, by cylinders or
spheres. .

If the shaft generating the centrifugal forces
carries races on which the auxillary masses roll,
these races are advantageously of cylindrical
shape and may, for instance, be ring-shaped or
¢lse they may form spheres or portions of
spheres,

I may also use movable ring-shaped -masses co-
operating advantageously with cylindrical races
or else spherical or ball-shaped movable masses
coopersting with spherical races,

In accompanying drawings, Flg. 1 shows dia-
grammatically a half cross-section of an ar-
rangement adapted to reduce the vibrations of
machines and meore particularly flexional oscilla-
tions of shaft | having an axis 0.

Fig. 2 15 a corresponding view of a madification
and Fig. 3 is a cross-section of the same perpen-
dicular to the plane of Fig. 2.

Fig. 4 shows how a plurality of such arrange-
mments may be mounted on a shaft.

Fig, 5 is a diagrammatic view relating to the
case where two identically shaped interconnected
masses are equilibrated with reference to their
axis of rotation and move in a plane oblique with
reference to a shaft I.

Fig. 6 shows the mounting on a shaft of several
rolling masses moving in planes oblique with
reference to the axis of the shaft.

Asg shown in Fig. 1 a mass 6 may oscillate while
it rocks on an Incurved race, which may In fact
show a double curvature the concavity of which
is dlrected towards the shaft. The mass may
rock in g main direction Incurved in the directlon
of the shaft and lying approximately in g plane
parallel to the axis 0 of the shaft | or else in a
plane containing this axis. ‘The mass may how-
ever also execute at the same time different
movements in different directions and in particu-
lar a pivotal motion around its own axis. I ob-
tain thus an arrangement adapted to reduce
fiexional oscillations, ‘The msass 8 is shown by
way of example as a ball. Il may produce, dur-
ing oscillation, varying torques with reference to
the virtual axis 81 and if the proportions are
suitably chosen wlth reference to the conditions
of resonance, these torques may act agalnst the
causes which have a tendency to produce trans-
verse oscillations of the shaft.

The mass 6 acting as a pendulum in space or a
spherical pendulum may be efficient both against
flexional and torsional oscillations of the shaft i.

In the case of Fig. 2 the oscillatlng system
which protects the shaft | against periodical dis-
turbances of period T, comprises an inner guid-
ing stubshaft carrying g part showing a substan-
tially torus-shaped surface 4 having a double
curvature. This part guldes a ball 6 rolling under
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the action of the centrifugal forces over the outer
double curvature surface 8. These elements are
shown in section in Fig. 3. Washers prevent the
ball from escaping laterally.

Fig. 4 relates to the case where a certaln num-
ber of devices similar to the device just men-
tioned are arranged along the shaft { at dis-
tances f1, {2 , . . from one another, which dis-
tances may be equal or not, These devices give
the ghaft a sort of centrifugal rigidity similar to
the well known gyroscopic rigidity.

I have shown in Fig. 4, the double curvature
races B, the halls § and the lnner guiding sur-
faces 4, The different members are secured
through keys 3 to the shaft I.

Fig. 5 shows t{wo equal masses M3z and M’:
rigldly secured together and adapted to oscillate
along the circle 9 the radius of which is r3, to
elther side of thelr position of equilibrium under
the action of the centrifugal forces generated by
the rotation of the shaft 1. The normal ¢ to
the circle 8 at its center 0’; forms an angle A
with the axls 0’313 parallel] to the axis XX’ of the
shaft . I will suppose 8:0°3=DRj, 838’3 heing per-
pendicular to XX’,

The frictiona) stresses belng supposed negligi-
ble, I have shown analytically the optimum or
tuning condition is:

?= gin A
4" belng the angular speed of the shaft | and w
the pulsation of the disturbing torsional torque
acting on shaft 1.
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For ellminating certain disturbances, it is of
advantage to use movable masses according to
invention which are adapted to rock Inside a
tube the axis of which Is arranged obliquely with
reference to the axls of the ghaft the rotation of
which generates centrifugal forces.

Fig. 8 shows such a tube 23 In horizontal pro-
Jection with the stubshafts 26—27—28—29 con-
talned therein. These stubshafts guide respec-
tively the balls 30—381, the tubular roller 32 and
the solid rallers 33.

The tube 18 closed by washers or partitions 34
and 384.

Obviously the different systems described may
be arranged at any polnts of the shafts to be pro-
tected against irregularities of angular speeds or
vibrations,

Thus, for instance, a flywheel provided with
such devices may, in an automoblle motor, be
placed In front of the motor, near the starting
crank or else near the clutch at the point where
the shaft passes out of the motor or else in the
middle of the motor.

However for an efficlent elimination of the
oscillations of the crankshaft, it is often of in-
terest to place the different arrangements ac-
cording to my Inventlon near the points where
the oscillations arise, 1. e. near the head of each
connecting rod.

FRANCOIS MARTE MICHEL
BERNARD SALOMON.



