Serial No.

F. M. M, B; SALOMON
OSCILLATIONS REDUCING DEVICE

PUBLISHED -
MAY 4, 1943,

333,561
5 Sheets—Sheet 1

Filed May 6, 1940

BY A. F. C.

(37

-

g

= =
»

o /

acel Saloscore

NTOR
T Basconw Switl
ATTORNEY

oie Honie Wikl o

Faan

%\sﬁ . \\_\\ 4 15

0S5

By



Serial No.

F. M. M. B. SALOMON

OSCILLATIONS REDUCING DEVICE

PUBLISHED

MAY 4, 1943,

333,561
5 Sheets-Sheet 2

Filed May 6, 1540

BY A. P. C:

— |

\\\D

14

A

t§

INVENTOR
ATTORNEY

7 Bascond M

BY

Fravcsis k“‘-f k’u‘d&wa«l&ﬁu“

*



PUBLISHED F. M. M. B. SALOMON , Serial No.
MAY 4, 1943, OSCILLATIONS REDUCING DEVICE 333,561
BY A, P. C. Filed May 8, 1940 -6 Sheets-Sheet 3

I N
o 5
a— s

S

N
3 o/
SIS
LR 74 e
el iy

2 NENTOR |

T Bascom.
. ATTORNEY



333,561
5 Sheets-Sheet 4

Serial No.

Flled May 6, 1940

F. M. M, B. SALOMON

OSCILLATIONS REDUCING DEVICE

PUBLISHED
MAY 4, 1943.

BY A. P. C.

o_.mE .7 Sl \'hN.

INVENTOR
Rlichet

ATTORNEY

Bersand Jalorore
Filascore Snil¥

BY

| Faamcoia Menic

\

s J N ,

5z I 133 -
\\ﬁw‘. )

M._ /,,/////,///.m/ﬂf " AN

OEEETY ey

_H 1\\\\ \ -
YT -u : /

vz — ) : —

7 /w/ B J .WWM 65




PUBLISHED F. M. M. B, SALOMON Serial No.
MAY 4, 1943, 05CILLATIONS REDUCING DEVICE 333,561
BY A. P. C. . Filed May 6, 1940 S Sheets-Sheet 5

_z‘"mm BZY(W " INVENI?M“M

ATTORNEY



Published May 4, 1943

Serial No. 333,561

. ALIEN PROPERTY CUSTODIAN

OSCILLATIONS REDUCING DEVICE

Francois Marle Michel Bernard Salomon, Paris,
France; vested In the Alien Properiy Custodian
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Devices for reducing oscillations in general and,
In particular, in machine shafts, are already
known, which utilize centrifugal pendulums: as it
15 known, the centrifugal pendulums are movable
masses submitted at the same time to radial in-
ertia forces (centrifugal forces) and to tangen-
tial inertia forces and which are rocking about
their mean positions, under the restoring action
of the centrifugal forces exerted on sald masses.

My Invention relates to quite different devices,
in which centrifugal pendulums are not utilized.

In a device according o my invention, at least
one oscillating member, rotatively carried with
the shaft, and which is only substantially sub-
mitted to the tangential inertia forces and not to
radial inertia forces (centrifugal forces), rocks
under the actlon of disturbances and under the
restoring action of at least one restoring member,
acting as a restoring lever, rotatively carried with
the shaft and which is only substantially sub-
mitted to the radial inertia forces (centrifugal
forces) and not to the tangential inertia forces.

In those conditions, a device according to my
invention utilizes mainly two kinds of members
operatively interconnected: oscillating members,
which are not centrifugal pendulums, as they are
only substantially submitted to the tangential in-
ertla forces and not to the radlal inertia forces
(centrifugal forces); and centrifugal restoring
members, which again are not centrifugal pen-
dulums, as they are not submitted to the tangen-
tial inertla forces but substantlally only to the
radial fnertia forces.

It 1s important to make this second point quite
cleal: {n devices utllizing centrifugal pendulums,
those latter:

(1) Rock at the frequency of the disturbances;
(2) Rock about a mean position for which the
restoring centrifugal torque s nil.

On the contrary, eccording to my invention:

(1) The oscillating motion of a restoring member
is infinitely small during the oscillation mo-
tion of the “oscillating members” to which
they are operatively connected. (In gen-
eral, this oscillation angle is an infinitely
small quantity of second order relatively to
g, 1f the osclllation angle of the “osclllating
member” is called ¢.)

(2) This extremely small oscillation motion oc-
curs, not about the posltion for which the
centrifugal torque being exerted on the re-
storing member is nil—as for pendulums—
but, on the contrary, about a position for
which this centrifugal torque is relatively
big, and often nearly maximum,

So that the difference between the restoring
members according to my invention and the cen-
trifugal pendulums, is absolutely complete.
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As It will be seen further on, great advantages
are regulting from it, namely, because the devices
according to my inventlon can be very favourably
adapted for the elimination of all the harmonics,
including the lowest and the highest, which is not
the case in general for the devices utllizing cen-
trifugal pendulums.

As to the shaft itself, it is not necessarily a shaft
which must be preserved from vibrations; how-
ever, In many applications, it 1s Just a sald shaft.

The: “restoring members” can include—with-
out exceeding the scope of my invention—elastic
parts as: springs, ylelding substances, plastic sub-
stances, flulds, ete. They include, In all cases,
centrifugal elements.

However, more specially, there is an advantage
to sald “restoring members” including merely
bodies submitted only, at least substantially, to
the cenirifugal forces created by the rotating
shaft which carries them along.

The “restoring members” acting as restoring
levers can be real levers or devices acting as such
(eccentrics, cams, ramps, screws, etc.).

My invention is applicable to reducing speed
oscillations, to the damping of torsional oscilla-
tions, flexional oscillations, 1ateral oscillations in
any machine parts, and speclally in machine
shafts in all the sorts of engines, compression lg-
nition englnes, spark lgnition engines, motor cars,
compressors, ships, aeroplenes ete, ete,

The device can be put in any part of the ma-
chines, and, specially, of the engine shafts, for
instance, at the front or at the rear of the crank-
shafts, in the balance-welghts, even in the de-
vices of connecting rods, in propeller hubs, etc.

Tt is often particularly advantageous to realize,
more or less accurately, tuning conditions be-
tween the frequency of the disturbing forces and
the natural frequency of the osciliating members,
as it results of the action of the “restoring mem-
bers.”

In certain cases, this “tuning condition” can be
made at the same time, not only, on one har-
manie, but on two or several harmonics together,
so that the same oscillating member—for in-
stance, the same “harmonic disk’—can simul-
taneously eliminate the disturbances of two or
several frequencies at the same time.

The connecting arrangement between the “os-
cillating members” and the “restoring members”
and with the members carried along by the rota-
tlon of the shaft creating the centrifugal and re-
storing forces can be of any known type.

They can be provided with articulations, or-
dinary bearings, rolling members of varlous types,
roller, ball, needle bearings, or surfaces rolling di-
rectly one on to another, with simple or double
rolling.

The “oscillating members’’ can, in particular,
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be shaped like disks, fractions of disks, circular
sectors, etc.

They ean be centered on the shaft or eccentric
relatively to the axis of the shaft.

Even in this last ease, the working of the device
is quite different from the one of the pendular
systems, for the principle of the restoring forces
is absolutely different.

As it has already been said, indeed, In the de-
vice according to my inventlon, the oscillating
member has by itself substantially nc restoring
force, under the action of the centrifugal forces
and the restoring force is entlrely due or almost
cntlrely to the action of the restoring member.

The advantages of the devlces which the inven-
tlon has for its object rclatively to the known de-
vices, and specially to dampers utilizing centrif-
ugal pendulums, are very considerable and that
for many dlfferent reasons.

Those advantages can be substantislly summed
up as follows:

(1) They can be very easily adapted to the
elimination of the lowest and highest harmonlcs.

(2) They are more efficient than the known
dampers and, specially, than the dampers with
centrifugal pendulums, In given conditions and
for a glven weight for the osclllating members:

(3) They enable to utilize to the best and, in
the simplest conditions, the avaliable room;

(4) The conditlons of resonance are depend-
ing of numerous and very different factors, which
gives great facilities;

(5) For given conditions, they are efficlent un-
til rotation speeds much lower that all known
dampers.

(6) They avoid the use of noisy abutments and
their working is always absolutely noiseless.

1) They are of a very simple construction and
of a very low cost price.

(8} They afford in a very simple and efficient
manner the elimination of two or several har-
monics, simultaneously, with only one oscillating
member, and this often in better conditions than
the known devices.

Certain constructions in accordance with my
invention are, by way of example, illustrated
diagrammatically in the accompanying drawings,
of which—

Pigures 1 and 2, represent respectively a front

and a side-view of a first embodiment of the de-
vice: Figs. 3 and 4 are a second embodiment.

Figs. 5, 6, 7 and 8 are relative to a similar em-
bodiment in the particular case when the device
is mounted on an engine ghaft for vehicle,

Pigs. 9 and 10 represent respectively a front and
a slde-view of an embodiment of my invention
applicable in the case when the osclllations to
eliminate are flexional or lateral.

Flgs. 11 and 12 are explanatory diagrams which
bring into evidence the different lengths which
intervene in the “tuning” conditions and, in par-
ticular, in the “resonance” conditions.

Pigures 1 and 2 are respectively a front and a
side view of a device according to my invention,
mounted on a flywheel 32 keyed on, by a key 21,
on a shaft 31, which will be, for instance, the
shaft of an engine of a compression type, a spark
ignition type, a compressor, a motor car or any
vehicle, an aero engine, a propeller shaft, ete.
(The hub propeller would then take the place of
the web of flywheel 32.)

In Figures 1, 2, the oscillating member is a disk
40,

Said disk 48 is centered on shaft 31 through the
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Intermediary of a ring 38, (Fig. 2) which can be
replaced by any bearing of a known type.

The ring 38 is itself fixed by the key 48 and by
the nuts and lock-nuts 41. The disk 40 has on
its periphery, & crown-shaped cut of rectangular
section, (Fig, 2) limited by two cheeks 41 and 42.

In the cut, are placed two restoring levers 45.

As to the cheeks 41 and 32, they both present,
af 180°, two cyllndrical recesses 51 whereof the
axis are Ki.

The restoring levers 45 are mounted on axis 37
forced into the flywheel 32 by thelr bearings 35,
with shoulders 38, washers 33 and screws 34.

Each restoring lever Is crown-shaped and pro-
vided with a cylindrical recess 50 (Fig. 1) whereof
the axls is Ka.

Those recesses correspond to the recesses of
the disk 40.

Two rollers 43, whereof the cheeks are 44 and
the axis M are passing through the recesses which
are facing each other and so are at 180° one rela-
tively to the other.

The action exerted by the centrifugal forces
produced by the rotation of shaft 31, gives, to the
centre of gravity G (Pig. 1) of each restoring
lever, a resultant tending to press each roller 43
between the ramps of the recesses of the disk
and the ramp of the recess of the corresponding
restoring lever. .

The pins, whereof the shanks are 52 and the
heads 83, enable to insert at the extremeties of
the restoring levers, additional masses, shaped
ke plates, to adjust to the best, in each case, the
welght of each of these levers and the position of
its center of gravity.

The working is as follows: under the action of
the disturbances, the disk 40 rocks about its mean
position and the restoring levers, through the
intermediary of the rollers 42 exert a restoring
action on it: Indeed, under the action of the cen-
trifugal forces, and through the intcrmediary of
these rollers, these levers are always tending to
draw the disk towards its mean position, position
in which the axis K2, M and K, are on the same
geometrical radius.

The device represented in Pigs. 3, 4, differs
only from the previous one by the following fact:
the restoring levers 4§ are so arranged that, under
the action of centrifugal forces, they are tending
to press the rollers 43 between the ramps of the
corresponding recesses, pushing back those roll-
ars radially in the direction of the axis O of shaft
31. On the contrary, in the device of Figs. 1, 2,
the restoring levers 45 act on the rollers 43 by
pulling: they are, indeed, tending to draw them
radially In the opposite direction to the one of
the axis O of shaft 31.

The working is the same for the two devices,
with the only difference that, in the first case,
the restoring levers are acting on the rocking disk
40 drawing It towards its mean position and that,
in the second case, the restoring levers are acting
on this disk pushing it towards its mean position.

In the various cases, it is in general advanta-
geous the axis of the restoring lever—i. e. the
axis 37 in the previous figures—being substan-
tially on the perpendicular at K2 on the radius
OKa. .

Figs. 5, 6, 7, 8 refer to a similar device, par-
ticularly intended to be fitted in a fiywheel or
in a vehicle engine ¢lutch, motor car, for instance,
or still in & ventilator pulley or against a pulley
of an engine ventilator, The same device is ap-
plicable in the felloe of machine rotating mem-
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bers; aero engines, marine engines, compressors,
propeller hubs, etc.

Fig. b is a front-view of & similar device to the
one of Plgs. 3 and 4; Fig. 6 shows a slde-view
of the same; Fig. 7 shows the rilm of a cluich
intended to receive the device; Flg. 8 is a side-
view of the device before its mounting In the
structure shown In Flg. 7.

The device being the same than the one of
Flgs. 3 and 4, the reference numbers are the
same and & new description is useless. The only
different parts are the following: in 58, has been
represented the central part of the web provided
with holes 5T for assembling by bolts on the
shaft, which has not been represented.

The peripheric part of the rim web has been
represented at 56.

In Fig. 6, the device is mounted on a plate
80 carrying the axis 3T of two restoring members,
which are in this case centrifugal levers 45.

This plate is also acting as a 1id; it is fixed
on the rim 58 by means of screws 59 and centered
on the central part 56 by a bearing 61.

Flgs. 9 and 10 relate to devices for compen-

sating disturbances which are parallel with the .

axis O of the shaft |, or which have a component
which iIs parallel with sald axis O (flexional oscil-
lations, lateral oscillations).

Flg. 9 Is a front-view, Flg, 10 a side-view,

The shaft | is secured by means of a web
89z to a felloe 68 provided with two cylindrical
bearing holes 17 for two spindles 78 which are
locked in a disk Tl capable of oscillating about
said spindles on either side of the mean position
shown In Figs. 9 and 10, responsive to the dis-
turbances.

Nuts 68 ensure lateral guiding.

The device for restoring to the mean position
comprises two opposite restoring levers, includ-
ing centrifugal masses T2 and Journals 18 where-
of the axis are W, sald journmals particlpating
in the rotation of the shaft | and the axis W
performing a similar function to that of the axis
37 of the Plgs. 1, 2, 3 and 4.

In the device of Figs, 9, 10, the rastoring ac-
tion of the levers, on the disk TI, is effected
through the intermedtary of balls 78 which are
clamped between a rolling surface 713 carrted by
the restoring lever and a surface 14 carried by
the ring TI.

Said surfaces could be spherical; they are ¢ylin-
drical in Figs. 9, 10, with generatrices perpen-
dicular to the plane of Fig. 9 for the surface
73, and generatrices located in the plane of Fig.
9 for the cylinder 74.

The center of gravity of each restoring lever
is so arranged that each cylinder 73 presses
agalnst the corresponding hall 10, which. in turn,
presses against the cylinder T4 so as to push
back the disk 71 to its mean position, when it
moves away therefrom responsive to the action
of the disturbances.

It would, on the other hand, be possible to
use, with a slightly different embodiment the
principle of restoring to the mean position by
pulling as in Figs. 1 and 2.

*The operation 1s similar to that described for
the previous figures, which relate to tevlces In-
tended to reduce oscillaticns of speed or torsional
oscillations.

It has been well known, for at least twenty-
five years, that In devices intended to reduce
shaft oscillations, It 1s often advantageous that
the rocklng members have a natural frequency
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substantially équal to that of the disturbances
to be compensated for, .. . .

It is quite obvious that the same applies in
the case of the device of the present invention.:

Figs. 11 and 12 are dlagrames intended to make
understood what are the dynamic and geometri-
cal conditions to be realised for this purpose.

PFlg. 11 relates to the case in which the re-
storing lever whereof the axis is W performs its
function by extension, that is to say by pulling
the oscillating member centered cn the axis O
towards its mean position.

Fig. 12 corresponds to the case in which the
restoring lever whereof the axls is W acts, on
the contrary by pushing back the oscillating
member towards its mean position.

Fig. 11 shows, diagrammatically, the restoring
system as equivalent to a restoring lever whereof
the axis is W on which is articulated at Kz a
rod of length I, articulated, on the other hand
at Ki, on an oscillating member, centered at O,
having its center of gravity at O and capable
of oscillating around the axis O, about its mean
position (for instance, a disk like the disk 40
inPgs. 1,23, 4. -

For this mean position, the point Ki is oh a
straight line with points O and Ka.

e

The angle Kzaf«h:o characterizes the angular
displacement of the oscillating member relatively
to 1ts mean position.

The point K2 remains substantlally stationary,
ar, at any rate, its movements are infinitely small
quantities of order 2.

The geometrical point W is on the perpendicu-
lar at Ka to OKz (for the mean position of K2),
and it can be stated that:

WKai=d

¥ i5 the angle between K2K1 and OKa.

G is the center of gravity of the restoring lever,
including its centrifugal mass, and it can be
stated that: OG=a.

m is the total mass of the restoring lever (or
restoring levers).

M is the mass of the osclllating member cen-
tered on the axis O, (for instance, the disk 40 of
figs. 1,2, 3, 4).

p Is its radius of gyration relatively to its center
of gravity heing supposed to be at O;

D Is the distance from the point W to the line
OG.

I have discovered that, relatively to the dis-
turbing torque C sin #i havihg a pusation o,
the condition for resonance is substantially sat-
isfied for all speeds of rotation of the shaft, if,
by construction, the condition: X=0 Is realised,
by writing (ux being the mean angular velocity of
the shaft I):

D 0K,
- z=L‘"2 ma d'OKbKle_]
w? Mot
(the ratio: «/u is often called the harmonic

order n).

The equation (1) supposes that the following
conditions are realised,

(1) 'The angles # and v are small and the move-
ments of the restoring lever are negligible.

{2) Frictions are negligible.

(3) The only restoring forces are substantially
the centrlfugal forces which are exerting an ac-
tion on the restoring lever,

The equation (1) applies also to the case of
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the diagram of fig. 12 on conditlion that KiKa
will be always considered in ghsolute valie,

Pinally, the equation (1) namely applies to the
case of figs. 1, 2, and to the case of figs. 3, 4, or
5, 6, the structures of which are equivalent to the
diagrams of figs. 11 or 12.

For =0, everything takes place as Iif the
moment of inertia of the entire rotating system
were inflnite. (Positively for X very small and
positive, negatively for = very small and nega-
tive).

It may be advantageous, in various cases, to
give X other positive or pegative values, namely
to avoid critical speeds.

Similar considerations and formulas, except for
& few differences, apply to the case in which the
system is intended to compensate for the com-
ponents of disturbing forces which are parsallel
with the axis of the shaft I (which i1s the case
of figs. 9, 10,

The fact that the oscillating member, which
is more particularly disk-shaped, is, very often,
tuned on a quite determinated harmonic to com-
pensate, made me call those disks: “harmonic
disks”. '

Besides, in various cases, it is posstble, accord-
ing to my invention, to tune the systems to more
than one harmonic at the same time—that is
why I have equally called those disks: “Poly-
harmonic disks”.

In the varicus arrangements, it is often advan-
tageous for the recesses, such as, for instance,
the recesses 50 and 51 (fig. 1 or fig. 3,) or other
recesses, performing a similar function, to be
inwardly provided with a metallic rings, which
will be, in general, of hard metal.

There is often an advantage to let those rings
be loose in their recesses, or, at least, some of
them, which enable them to have an oscillating
movement. (Practically, this movement is ex-
tremely small).

Then they will be mounted with a very gentle
friction in their housings. They could be mount-
ed therein hy means of special bearings (ball,
roller, needle bearings, etc.).

The oscillating members (namely, harmonic
disks) and the restoring members may be com-
bined according to any other arrahgement than
those which have been shown in the accompany-
ing drawings, and, in particular, according to
any arrangement which would be equivalent,
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from a functional standpolnt, to the diagram of
fig. 11 or fig. 12.

In order to compensate for a plurality of dif-
ferent harmonlies simultaneously, it is possible,
instead of tuning only one oscillating system on
several harmonics at the same time, to use a plu-
rality of harmonic disks arranged parallel or still
arranged in one and the same plane, (each of
them being in this case reduced to only one
sector), each of them compensating one har-
monic only.

In the various cases, it is possible, to obtain
a greater amplification of tlie restoring forces,
by using two restoring levers or similar systems
giving two successive amplifications of the restor-
ing effects.

In the pendular centrifugal systems used as
oscillating dampers, it is known that the pendu-
lar movement of a frequency f creates a perturba-
tion of freguency 2f, small in many cases.

In the systems according to my invention, this
disturbance is also very small and even, in gen-
eral, still smaller than in the pendular systems,
if, preferably, a certain condition is observed, in
reference with the direction of the rotating move-
ment of the shaft.

This condition is to place the restoring levers
so that, while they turn in the direction of the
rotation of the driving shaft, (shaft 7 in the ac-
companying figures) the center of gravity of the
restoring lever comes towards the axis O of this
shaft. .

Though the oscillatory movements of the os-
cillating members must preferably take place
with little or very little friction, the scope of the
invention would not be exceeded, if friction were
introduced into said movements, by means of
solids, fluids or otherwise, or still, if restoring
springs were introduced.

Those springs could have a very small function
or still a function of a substantial importance.

It is quite clear that the restoring levers may
be of the most varied shapes and the expression:
“restoring lever” is in no way limitative.

My invention concerns, in a general manner,
any arrangement for the transformation of the
restoring forces, whatever means may be em-
ployed (screws and nut systems, helicoidal ramps,
etc.).

FRANCOIS MARIE MICIIEL
BERNARD SALOMON.



