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This invention relates to power driven centrifuges
and like rotating devices, and more particularly to means
for damping vibration forces at the critical speeds of
rotation of such devices.,

5 In power driven centrifuges and similar devices

that rotate at high speeds, there are certain speeds called
critical speeds at which the shaft of the device is dis—
torted or flexed out of the axis of rotation and, while
rotating in such distorted positions, causes severe vibrating

10 forces to be transmitted to the bearings and supporting
structure in which the shaft rotates. In a rotating device,
such as a centrifuge, a critical speed occurs where the
speed of rotation of the device is such that the number of

revolutions in a given unit of time is equal to the number

15 of vibrations in the same time unit that correspond to one
of the natural nodes of vibration of the rotating member and
its supporting structure, and the speeds of rotation at which
these critical speeds occur depend for the most part upon the
stifiness of the shaft, and the inertia of the stationary and

20 rotating parts of the device.
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These severe forces, caused by distortion or
deflection of the shaft, produce vibration waves that have
a different amplitude and length depending upon the rotation~
al speed of the device. It will e apparent, therefore, that
a éritical speed, causing severe 7ibration in the device,
will occur at the speed or speeds of rotation at which the
nodes of a vibration wave exiast gimultaneously at the centers
‘of the bearings which support the shaft of the device.

In accordance with the present invention it is

proposed to provide a shaft bearing construction for high
spesd centrifuges and the like that will operate affectively

to prevent the occurrence of vibration at the critical gpeeds

of rotation of the deviceo.

With the foregoing premises in mind, the principal

object of the invention is to provide a novel vibration damp~

ing construction for high speed rotating devieces that is con~

structed and arranged to preclude the existence of vibration

nodes simultaneously at the shaft supporting bearings at the
eritical speed or speeds of rotation of the device.
Another object of the invention is to provide a

novel vibration damping bearing construction for the shaft

of a high speed rotating device comprising a dual bearing

‘assembly wherein the bearings of such assembly are independ-

enﬁly supported for limited movement relative to each other
“transversely of the axis of the‘shaft,
A further obJect of the invention is to provide a
novel vibration damping construection as set forth wherein the

bearings of the assembly are spaced apart axially of the shaft

a distance different from the spacing of the nodes of the
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vibration waves at critical speeds of the device so that
nodes of such waves cannot exist gimultaneously at both
bearings and thereby render them ineffective in damping.

These and other objects of the invention, and the
various features and detalls of the construction and opera-
tion thereof, are hereinafter fully set forth and described,
and shown in the accompanying drawing in which the figure is
a sectional view taken vertically through a centrifuge having
a shaft bearing assembly embodying the present invention.

Referring now to the drawing, the present invention
is illustrated in conJunction with a centrifuge or like
device comprising a cylindrical chamber 1 having end caps or
walls 2, 2. Secured centrally in these end caps.2 and co~
axially of said chamber 1 are upper and lower shafts 3 and 4,
respectively, which rotatably support the chamber as the
device is rotationally driven by power applied, for example,
to the upper shaft 3 from an electric motor, turbine or other
sultable source (not shown). The shafts 3 and 4 preférably
are hollow or tubular in order that materials to be treated,
and that have been treated, in the centrifuge may be intro-
duced to, and withdrawn from, the chamber 1 through said
shafts.

As shown in the drawing, the upper shaft 3 is
Journalled in s stationary, rigid support member 5 by means
of4a bearing assembly 6. This bearing assembly 6 is fixedly
secured with respect to the support 5, and comprises bearings
7 that are generally I shape in cross section and have their
flange portions mounted betwaen rings 8 of circular cross
section that serve as shock absorbing elements to dampen the

least vibrations in tﬁe device. TFor example, the bearings 7
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may be lead bronze (20% lead) and the rings 8 may be
Neoprene. Preferably, the bearing assembly is lubricated
by oil or other suitable lubricant supplied thereto through
pipe 9 and passage 10,

The lower shaft s@aft 4 is supported, in a manner
hereinafter set forth, with respect to a stationary, rigid
structure that may comprise ﬁemhers 11 and 12, respectively,
suitably secured together, for example, by one or more bolts
13. In the illustrated embodiment of the invention, these
members 11 and 12 are of annular configuration having aligned
openings 14 and 15, respectively, therethrough of a dilameter
sufficlently large to provide clearance for lateral movement
therewithin of a pair of Journal bearings 16 and 17 that are
independent of each other and support the lowér shaft 4 with
respect to the stationary supporting members 11 and 12.

ihe bearing assemblies 16 and 17 are generally
‘'similar in construction to the béaring assenbly 6 previously
described, and comprise bearing housing members 18 and 19,
raspectively, within whichvare contained bearings 20 and 21
of generally L cross-section shape having their flange por-
tions mounted betwsen rings 22 and 23 that aré clircular in
cross section and operate effectively to absorb the shock of
‘lesser vibrations in the device. In these assemblies 16 and
17, the bearings 20 and 21 may be lead bronze (20% lead) and
the rings 22 and 23 may be Neoprens, and satisfactory results
have been obtaingd by the use of these materials. The bearings
preferably are lubricated by a suitable lubricant supplied |
thereto through pipes 24 and passages 25 in the case of the
bearing assembly 16, and through pipes 26 and passages 27 in

the case of bearing assembly 17.
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A particular feature of the present invention
resides in the manner and construction by which the bearing
assemblies 16 and 17 are supported with respect to the sta-
tionary supporting members 1l and 12, and, referring to the
drawing, it will be observed that there is formed integral
with each bearing housing 18 and 19, and circumferentially
thereof, a radially projecting, circumferential flange or
disk~llke portion, 28 and 29, respectively, that may be of
decreasing thickness outwardly as shown.

Considering first the flange or disk portion 28 of
the upper bearing asgsembly 16, 1t is to be noted that the
under surface thereof is flat, and lles in a plane normal
to the axis of the shaft 4. This flange 28 rests upon the
upper su}face of the stationary member 11 with the flét under
surface of said flange in contact therewith. ‘The flange 28
19 arranged for sliding movement, together with the bearing
assembly 16, upon and relative to the stationary member 11
in a direction transveise fhe axls of the éhaft 4.‘ For the
purpose of limiting the extent of transverse sliding movement
of the bearing assembly 16 and its flange poriion 28 with
raspect to the stationary support membsr 11, the surface of
the latter is provided with a circular slightly recessed
plane portion 30, of somewhat larger diameter than said
flange portion 28; that forms a circumferential shoulder or
stop 31 operable to limit transverse movement of the flanges
28, and hence ths bearing agssembly 16, The radial flange
portion 29 of the lower bearing assembly 17 is generally
similay in construction and‘arrangsment to that Just described,
in that the upper surface thereof lies in a plane normal to

the axis of the shaft 4 and is disposed for sliding contact
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with the under surlace of Lne statiocnary support member
11 in a direction ilracsverse sald shaft axis as snown ia vae
drawing.

Each of the flange portions 28 and 29 is urged against,
and retained in contact with, the respective surfaces of
the stationary supvort mewber 11, for ezample, by means
of one or more bowed leaf springs 32 and 33, wnlich may
have tneir ends secured to the member 11 and flange
portions 28 and 29, respectively, as the case may ve. Lo
addition, and in order to minimize sliding friction betweern
the flange portions 28 and 29, and the stationary member 11,
a small amount of a suitable lubricant may be forced between
the respective contacting surfaces through a conrection
34 and suitably arranged passages 35 formed in sald member
11. Preferably the lupbricant employed is an oil of relat-
ively heavy consistency and, for example, may contain
small amounts of rosin and a linear isobutylene polymer
such as is marketted by Bsso Stasndard under the trademark
npARATONEY,

By virtue of the foregoing construction, and as
will be apparent from the drawing, the bearing asseinblies
16 and 17, including their flange portions 28 and 29, are
independent of each other, and the construction and
arrangement thereof is such that said bearing assemblies
may move in directions transverse the shaft axis relative
both to each other and to the support member ll.

It has been previously stated that tine vibrating
forces caused by distortion or deflection of the shaft A4
produce vibration waves of differeut amplitude and length
depending upon the rotational speed 5T the device, and that
severe vibration {a critical speed) will occur at the speed

or speeds of rotation at which vhe nodes of vibration waves
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fall simultaneously at the centers of the two bearing
assemblies 16 and 17. Accordingly, another important
feature of the invention is concerned with the spacing of
the two bearing assemblies 16 and 17 with respect to each
other axially of the shaft 4 supported thereby. Thus, it
has been discovered that vib£ation caused by distortion or
deflection of the shaft 4 may be overcoms, or dampened

effactively, by spacing these bearing assemblies axlally of

_said shaft so that their centers are geparated by a distance

different from the spacing of the nodes of the vibration
waves and nodes of vibratlon waves can at no time exist
simultaneously at both bearing assemblies 16 and 17,

0Of course, and as herelnabove set forth, in any
rotating device the speed or speeds of rotation that will be
critical and cause severe vibration depend largely upon the
particulaf.device involved, the degree of.stiffness of the
shaft supported by thé bearings and the iﬁertia of the sta-
tionary and rotating parts of the device. Thus, for any
given device, the critical spsed or speeds that may occur
during acceleration and deceleration to and from the desired
operating speed of rotation may be determined by tests, and

with this information at hand the spacing of the centers of

the bearing asgemblies 16 and 17, with respect to each other

axially of the shaft 4, so that nodes of the vibration waves
can at no time exist simultaneously at both bearings, may be
determined with good accuracy and then corrected by trial and
error methods.

In the operation of a bearing assembly constructed
in accordance with the present invention, the top bearing -

assembly 6 1s relatively rigid and, as the device attains a
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critical speed of rotation causing distortion or deflec~
tion of the shaft 4 to an extent that normally would cause
vibration, the bearing flanges 28 and 29, being slidably
associated with the stationary support member 11, are free
to move laterally within certain limits both relative to
each other and with respect to sald member 11, with the
result that the shaft 4 tends to seek its omn axis of
rotation and compensate for distortion therein, relatlve to
the stationary support members, to such an extent that the
vibration forces caused by shaft distortion are absorbed and
not imparted directly to the stationary parts of the device.
erthermore,'it will be apparent that by spacing the two
bearing assemblies 16 and 17 so that a vibration node can at
no time exist simultaneously at both bearings, any tendency
toward vibration, caused by the egistence of a vibration node
at one of the bearing assembllies will be damped effectively
by the other bearing assembly through which the vibration
wave passes at a poiﬁt other than at a node thereof.

From the foregoing, therefore, it will be observed
that the present invention provides an effective damping
device for vibration at critical speeds of rotation, wherein
the support bearings are independent of, and movable rela-
‘tively to each other in directions transverse the shaft axis,
and the bearings are spaced apart axially of the shaft a dis-
tance such that a viﬁration wave node can not exist simul-~
taneously at both bearings.

It is to be understood that apart from the indepen—
dent slidable mounting and axial spacing of the bearings, the
particular bearing construction forms no part of the inven-

tion, and while a particular preferred embodiment of the
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features of the invention have besn illustrated and
described herein, the invention i3 not to be limited to
such disclosure as it 1s contemplated that changes and

modifications may be made within the scope of the claims,
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Having regard to the foregolng disclosure, the

patent of which this specification forms part confers,
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subject to the conditions prescribed in the Patent Act,
1935, the exclusive right, privilegé and liberty of making,

constructing, using, and vending to others to be used, the

|
"
)

invention as defined in claims submitted by the patentees

as follows:
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VE CLAIM:

1. TIn combination with a shaft supported for
rotation about its longitudinal axis, means providing
stationary exially spaced flat supporting surfaces normal
to said shaft and freely surrounding the same, and indepen-

dent bearing assemblies on said shaft spaced axially thereof

) a distance different from the spacing of the nodes of vibra-
tion waves at critical speeds of rotation of the shaft, said
bearing assemblies each being disposed in sliding contact

ﬁith one of said flat supporting surfaces for transverse

it

movement relative to sach other and said surfaces.

~10-
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2, A vibration damping structure for rotating
devices having aligned shafts at respectively opposite ends
thereof, conprising a bearing support for one of sazid shafts,
means providing axially spaced flat supporting surfaces
normal to the other of said shafts and freely surrounding
the same, and independent bearing assemblies on sald other
shaft spaced axially thereof a distance different from the
spacing of the nodes of vibration waves at critical speeds
of rotation of the device, said bearing assemblies esch being
disposed in sliding contact with one of said flat supporting
surfaces for transverse movement relative to each other and

seld surfaces.

-3« In combination with a shaft supported for
rotation abogt its longitudinal axis, means providing
stationary axially spaced flat supporting surfaces normal
to said shaft and freely surrounding the same, independent
bearing assemblies on sald shaft spaced axially thereof a
distance different from the spacing of the nodes of vibra-
tion waves at critical speeds of rotation of the device,

sald bearing assemblies each being disposed in sliding con-

.tact with one of said flat supporting surfaces for trans-

verse movement relative to sach other and said surfaces,
and means for introducing lubricant between the slidably
contacting surfaces of said bsaring assemblies and said

flat supporting surfaces.

-11-
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4. In combination with a shaft supportsd for
rotation about its lengltudinal axis, means providing sta-
tionary axially spaced flat supporting surfaces normal to
said shaft and freely surrounding the same, independent
bearing assemblies on said shaft spaced axially thereof a
distance different from the spacing of the nodes of vibra-
tion waves at critical speeds of rotation of the devics,
said bearing assemblies each being disposed in sliding con-
tact with one of sald flat supporting surfaces for transverse
movement relative to each other and said surfaces, means
biasing said bearing assemblies intc contact with sald sur-
faces, and means for introducing lubricant between the

slidably contacting surfaces of said bearing assemblies and

said flat supporting surfaces.

5. A vibration damping structure for rotating
devices having aligned shafts at raospectively opposite ends
thereof, comprising a bearing support for éne of said shafts,
means providing axially spaced flat supporting surfaces normal
to the other of said shafts and fraeely surrounding the same,

bearing assemblies on sald other shaft adjacent said support-

ing surfaces, said bearing assemblies being independent of

each other and spaced apart axlally of said other shaft a
distance different from the spacing of the nodes of the
vibration waves at critical speeds of rotation of the device,
and means slidably supporting each of said bearing assemblies
with respect to one of said surfaces for movement relative to
each other and said surfaces in directions transverse the

shaft axis.

~12-
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6. A vibration damping structure for rotating
devices having aligned shafts at respectively opposlite ends
thereof, comprlsing a bearing support for one of said shafts,
a statlonary anﬂular member freely surrounding the other of
said shafts and having axially spaced flat surface portions
disposed normal to said other shaft, bearing assemblies on
sald other shaft adjJacent saild member, said bearing assem-—
blies being independent of each other and spaced apart
axially of sald other shaft a distance different from the
spacing of the nodes of the vibration waves at critical
speeds of rotation of the device, and means slidably suppori-
ing each of saild bearing assemblies with respect to one of
said flat surface portions of said member for movement
relative to each othér and said member in direcﬁions trans-

verse the shaft axis.
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7. A vibration damping structure for rotating
devices having aligned shafts at respectively opposite
ends thereof, comprising a bearing support for one of said
shafts, means providing axlally spaced flat supporting sur-
faces normal to the other of sald shafts and freely surround-

ing the same, bearing assemblies on sald other shaft adJacent

.sald supporting surfaces, sald bearing assemblies being

ihdependent of each other and spaced apart axially of said
otﬁé& shaft a distance different from the spacirg of the
nodes of the vibration waves at critical speeds of rotation
of the dev;."’c\'é,,vé:‘means gslidably supporting each of sald bear-
ing aséembliés.;ithnrespect to one of saild surfaces for
movenent relative tokéapp other and said surfaces in
directions transverse tﬁékshaft axis, and means biasing

said last-mentiocned means into contact with said flat sur-

face portions,
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8. A vibration damping structure for rotating
devices having aligned shafts at respectively opposite

ends thereof, comprising a bearing support for one of

said shafts, a stationary member freely surrounding the
other of said shafts and having axlally spaced flat sur-
face portions disposed normal to sald other shaft, bearing
assemblies on said other shaft adjacent said member, sald

- bearing assemblies being independent of each other and
spaced apart axially of sald other shaft a distance differ-

ent from the spacing of the nodes of the vibration waves at

Lo o e

critical speeds of rotation of the device, means slidably
supporting each of said bearing assemblies with respect to

cne of sald flat surface portions of the member for move-

ment relative to each other and said member in directions
transverse the shaft axls, and means bilasing said last-
mentioned means into contact with said flat surface portions

of the member.,

15~
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9. A vibration damping device for rotating
mechanisms having aligned shafts at respectively opposits

ends thereof, comprising a bearing support for one of sald

shafts, a supporting structure providing axially spaced
flat surfaces normal to the other of said shafts and freely
3 ‘ surrounding the same, ab least two bearing assembliss on

f sald other shaft respectively adJjacent sald structure and

: spaced apart axially of the shaft a dlstance different from
the spacing of the nodes of vibration waves at critilcal
speeds of rotation, shock absorbirng elements in sald bear-
ing assemblies operable to dampen the lesser vibrations in

such mechanism, and means slidably supporting each of said

bearing assemblies with respect tc ons of saild surfaces for

transverse movement relative to ezch other and the structure

to absorb the more severe vibraticns and substantially

isolate the same with respect to sald supporting structure.

“16-
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10, A vibration damping device for rotatiag
mechanisms having aligned shafts at respectively opposite
ends thereof, comprising a bearing support for one of zaid
shafts, a supporting structure providing axially spaced
flat surfaces normal to the other of sald shafts and freely
surrounding the same, bearing assemblies on sald other shaft
respectively adjacent said structure and spaced apart axially
of the shaft a distance different from the spacing of the
nodes of vibration waves at critical speeds of rotation,
shock absorbing elements in sald basring assemblies operable
to dampen the lesser vibrations in such mechanism, and
means slidably supporting each of sald bearing assemblies
with respect to one of said flat surfaces for transverse
movement relative to each other and said structure to absorb
the more severe vibrations and substantially isolate the

samo from transmission to sald supporting structure.

17~
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11, A vibration damping device for rotating
mechanisms having aligned shafts at respectively opposite

ends thereof, comprising a bearing support for one of said

shafts, a supporting structure providing axially spaced

flat surfaces normal to the other of said shafts and freely
: surrounding the same, at least two bearing assemblies on
said other shaft adjacent éaid gtructure and spaced apart
axially a distance different from the spacing of the nodes
of vibration waves at critlcal speeds of rotatlon, shock
absorbing elements in said bearing assemblies operable to

i ' dampen the lesser vibrations in such mechanlsm, means
slidably supporting each of sald bearing assemblies with
respect to one of said flat surfaces for transverse movement

relative to each other and the structure to absorb the more

severe vibrations and substantially isolate the same from
i ' transmission to said supporting structure, and means biasing
i said last-mentioned means into contact with said flat sur-

o faces.

~18-
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12. A vibration damping device for rotating
mechanisms having aligned shafts at respectively opposite
ends thereof, comprising a bearing suppor£ for one of said
shafts, a supporting structure providing axially spaced flat
surfaces normal to the other of salid shafts and freely sur-
rounding the same, beariﬁg'assemblies on said other ghaft
respectively adJacent structure and spaced apart axially a
distance different from the spacing of the nodes of vibration
waves at critical speeds of rotation, shock absorbing ele-
ments in said bearing assemblies operable to dampen the
lesser vibrations in such mechanism, means slidably support~
ing each of said bearing assemblies with respect to one of
said flat surfaces for transverse movement relative to each
other and the structure to absorb the more severe vibrations
and substantially isolate the same from transmission to said
supporting structuie, and means biasing said last-mentioned

means into contact with said flat surfaces.
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13, A vibration damping structure for rotabing
devices having aligned shafts at respectively opposite

ends thereof, comprising a bearing support for one of said

shafts, means providing axially spaced flat supportirg sur-
faces normal to the other of sald shafts and freely surround-
ing the same, bearing assemblies on sald other shaft adjacent
saild supporting surfaces, said besring gssemblies being in-
| dependent of each other and spaced apart axially of said
‘ other shaft a distance different from the spacing of the
i nodes of the vibration waves at critical speeds of rotation
| of the device, means slidably supporting sach of sald bear-

ing assemblies with respect to one of said surfaces for

transverse movement relative to each other and said surfaces,
and means for introducing a lubricant intermediate the con-
tasting surfaces of said last-mentionsd msans and the flat

supporting surfsces.

=20~
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14. A vibration damping structure for rotating

devices having aligned shafts at respectively opposite ends

thereof, comprising a bearing support for one of sald
shafis, a stationary annular member freely surrounding the

other of said shafts and having axilally spaced flat surface

L e e e e

portipns disposed normal to said other shaft, bearing
assemblies on said other shaft adjacent said nember, sald
bearing ‘assemblies being independent of each other and spaced
é apart axially of sald other shaft a distance different from

| the spacing of the nodes of the vibration waves at critical

speeds of rotation of the device, means slidably supporting

each of said bearing assenblies with respect to one of the
adjacent flat surface portions of sald member for transverse
movement relative to each other and sald member, and means
for introducing a lubricant intermediate the cdﬁtacting
surfaces of said last mentioned means and the flat surface

portions of the member.

.
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15. A vibration damping structure for rotating
devices having aligned shafts at respectively opposlite
ends thereof, comprising a relatively rigid bearing support
for one of said shafts, means providing axially spaced flat
supporting surfaces normal to the other of sald shafts and
freely surrounding the same, bearing assemblies on said
other shaft adjacent said supporting surfaces, sald bearing
assemblies being independent of each other and spaéad'apart
axially of said other shaft a dilstance different from the
spacing of the nodes of the vibration waves at critical
speeds of rotation of the device, flanges slidably support-
ing each of said bearing assemblies with respect to one of
said surfaces for transverse movement relative to each other
and saild surfaces, resilient means biasing-said flanges into
contact with said surface portions of the mamber, and means
for introducing a 1ubficant intermediate the contacting

surfaces of said flanges and flat supporting surfaces.

22w
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16. A vibration damping structure for rotating
devices having aligned shafts at respectively opposite ends
thereof, comprising a relatively rigid bearing support for
one of said shafts, a stationary annular member freely sur-
rounding the other of said shafts and having axially spaced
flat surface portions disposed normal to sald other shaft,
bearing assemblies on said other sghaft adjacent sald member,
sald bearing assemblies being independent of each other and
spaced apart axially of sald other shaft e distance dilfferent
froh the spacing of the nodes of the vibration waves at
critical speeds of rotation of the device, flanges 51idably
supporting each of said bearing assemblles with respect to
one of the flat surface portions of sald member for trans—
varse movement relative td each other and ssid member, means
biasing said flanges into contact with said surface portlons
of the member, and means for intrcducing a lubficant inter-
mediate the contacting surfaces of said flanges and flat

supporting surfaces.

w23
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17. A vibration damping device for rotating
mechanisms having aligned vertical shafts abt respectively

opposite ends thereof, comprising a relatively rigid bear-

ing support for one of said shafts, a supporting structure
providing axially spaced flat surfaces normal to the other
of said shaft and freely surrounding the same, at least two
bearing assemblies on sald other shaft respectively adjacent

said flat surfaces and spaced apart‘axially a distance

different from the spacing of the nodes of vibratlon waves
E ‘ at critical speed; of rotation, shock ebsorbing elements
: | in said bearing assemblies operable to dampen the lesser
vibrations in such mechanism, flanges slidably supporting
each of said bearing assemblies for transverse movement
relative to each other with respect to one of said flat
suwrfaces to absorb the more severe vibrations and substan-
tially isolate the same from transmission to said supporting
structure, and means for inﬁroducing a lubricant inter-
mediate the contacting surfaces of said flanges and flat

gupporting surfaces.
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18. A vibration damping device for robating

mechanisms having aligned vertical shafts at respectively

opposite ends thersof, comprising a relatively rigid bear-
ing support for one of sald shafts, a supporting structure
providing axially spaced flat surfaces normal to the other
of saild shafts and freely surrowunding the same, at least
two bearing assemblies on said other shaft respectively
adjacent sald flat surfaces and spaced apart axially a dis-
tance different from the spacing of the nodes of vibration
waves at critical speeds of rotation, shock absorbing ele-
ments in éaid béaring assemblies operable to dampen the
lesser vibrations in such mechanism, means s8lidably support-
ing each of said bearing assemblies for transverse movement
relative to each other with respect toc one of said flat
surfaces to absorb the more severe vibrations and substan-
tially isolate the same fronm transmission to said support-
ing structure, means biasing sald flanges into contact with

sgid surface portions, and meang for introducirg a lubricant

intermediate the contacting surfaces of said flangeé and

flat supporting surfaces.

~25-
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19. A vibration damping device for rotating

mechanisms having aligned vertical shafts at respectively

opposite ends thereof, comprising a relatively rigid bear-

ing support for one of said shafts, a supporbting structure

| 5 providing axially spaced flat surfaces normal to the other

of said shafts and freely surrounding the same, bearing

assemblies on said other shaft respectively adjacent said

§ structure and spaced apart axially a distance different
from the spacing of the nodes of vibration waves at critical

10 speeds of rotation, shock absorbing elements in sald bearing
assemblies operable to dampen the lesser vibrations in such
mechanism, flanges slidably supporting each of said bearing
assemblies for transverse movement relative to each other
with respect to one of said flat surfaces to absorb the

15 more severe vibrations and substantially isolate the same
from transmission to sald supporting structure, means bias-
ing said flanges into contact with said surface portions,
and means for introducing a lubricant intermediate the con-
tacting surfaces of said flanges and flat supporting sur-

20. facese
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