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[57] ABSTRACT

A self-pressurizing hydrodynamic foil bearing having
resilient foils providing support between a movable
and stationary bearing member and further having re-
silient foil supports for supporting and stiffening the
foils. The foil supports additionally generate Coulomb
friction with another bearing member for enhancing
the damping characteristics of the bearing.

6 Claims, 8 Drawing Figures
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1
FOIL BEARING ARRANGEMENTS

BACKGROUND OF THE INVENTION

This invention relates generally to self-pressurizing
hydrodynamic bearings for providing fluid support be-
tween two members movable relative to each other and
supported on a thin fluid film. More particularly the in-
vention relates to foil type fluid bearings in which
means are provided for stiffening the foils to enhance
the load-carrying capabilities of the bearing and to pro-
vide dampening and cushioning effects between the
two members. A detailed background description of
self-pressurizing foil bearings is disclosed in U.S. Pat.
No. 3,635,534 entitled *Self-pressurizing Bearings with
Resilient Elements.”

In resilient foil bearings of this type, the principal dif-
ficulties have been limited foil stiffness and oscillatory
motions between the movable and stationary member
at certain critical bearing speeds. It is a general advan-
tage of foil bearings to have the foil of thin material in
order that it may conform to the supported member
more uniformly under all conditions. However, the
thinner foil is more compliant and thus has a reduced
load-bearing capacity. In the case of the second prob-
lem, under actual load conditions, the shaft in a high-
speed bearing for rotating machines, tends to orbit
about the geometric center of the bearing support and
the amplitude of the oscillation is maximized at certain
critical speeds. In order to control this oscillation, it is
desirable to have a substantial amount of damping in
the bearing assembly. This problem is especially ampli-
fied in the case of smaller journal bearings in which
only limited space is available for the bearing assembly.

The present invention overcomes these disadvan-
tages by providing a resilient foil support disposed be-
neath each of the primary foils and in contact with the
primary foil intermediate its ends. This has the effect of
increasing the total foil stiffness. At the same time the
primary foil may be made of relatively thin material
over its entire length so that it will easily conform to the
shape of its matching member to provide the optimum
fluid bearing under normal operating conditions. In ad-
dition, should the bearing shaft develop severe oscilla-
tions at certain critical speeds, the foil supports are so
arranged that the primary foil tends to rub along the
stiffening member during oscillatory motions. This rub-
bing action produces Coulomb friction which aids in
damping the vibration of the shaft.

SUMMARY OF THE INVENTION

The invention described herein provides a simple and
inexpensive solution to the problems described above
by the insertion in the bearing of foil supports of vari-
ous shapes to increase the bulk modulus of the foil to
increase its load capacity and also to provide damping
of induced mechanical oscillations.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal sectional view through a bear-
ing of the invention.

FIGS. 2, 3, 4 and § are partial sectional views of alter-
nate embodiments of the invention.

FIG. 6 is a partial sectional view of another embodi-
ment of the invention for use as thrust bearings.

FIG. 7 is a view of the bearing of FIG. 1 including a
rotating shaft.
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FIG. 8 is a perspective view of a conical bearing in-
corporating the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIG. 1 and FIG. 7, there is shown
generally at 10 a bearing assembly for supporting a ro-
tating shaft 12. The bearing assembly is comprised of
a bearing housing ring 14 supporting a concentric foil
carrier ring 16. The carrier ring is provided with axial
slots 18 which provide passages for cooling air along
the axis of the bearing and also provide for axial pres-
sure balancing of the bearing. One of these slots is used
in connection with pin 20 to prevent relative rotation
between the housing 14 and the foil carrier 16. The pin
20 extends through the housing member and partially
into one of the passages 18 to provide the locking func-
tion.

Attached to the inner surface of the carrier ring 16
are a plurality of foils 22 which are seated in axial slots
24 in the retaining ring and retained by slot by the slugs
26. Adjacent each of the foils and in the direction of
the rotation of the shaft 12, there is provided a plurality
of foil supports 28. The foil supports are likewise in-
serted in axial slots 30 in the retaining ring and main-
tained there by slugs 32.

In FIG. 7 there is shown the bearing 10 of FIG. 1 but
further having a rotating shaft 12 inserted in the bear-
ing. With the shaft in place it can be seen that the foils
22 are in sliding contact with the foil supports 28. The
support thus increases the total stiffness of the foil
while at the same time allowing the foil to conform to
the shaft throughout the entire length of the foil.

Referring now to the other FIGS. 2, 3, 4, § and 6,
there are shown alternate embodiments of the inven-
tion. In FIG. 2 the foil 44 and the support 46 are at-
tached to the retaining ring 42 in a single retaining slot
48 with a retaining slug 50. When the foil 44 is de-
flected by insertion of a shaft, the foil will contact the
support at the raised arcuate portion shown generally
at 52. This action will provide the stiffening effect de-
scribed above. Additionally, if the supported shaft is
oscillating radially when the primary foil contacts the
support, the support will deform in its arcuate portion.
This deformation will cause the free end of the support
to rub on the inner surface of the retaining ring at 54.
This rubbing action will generate Coulomb friction and
will serve to damp the oscillation of the shaft.

Referring now to FIG. 3, the bearing assembly is
shown generally at 60 and has a foil retaining ring 62.
Foils 64 are retained in the retaining ring in the same
manner as described in connection with FIG. 1 above.
However, in this embodiment the support member is a
U-shaped spring shown at 68 which is inserted and re-
tained in axial slot 66. This spring member at its open
end is of smaller dimension than the width of the slot
66. Thus when the primary foil 64 contacts the spring
68 the same stiffening effect will occur as described
above. As the foil deflection is further increased, how-
ever, the spring 68 will be compressed which will result
in the spreading of the leg portions of the spring to the
limits of the width of the slot 66. Thus the spring rate
of the spring 68 will be added to that of the foil 64 to
increase the bulk modulus of the assembly. Addition-
ally, as the legs of spring 68 rub the surface of the slot
66 the dampening effect will occur as described in con-
nection with FIG. 2 above.
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Referring now to FIG. 4, there is shown a bearing as-
sembly at 70 having foils 74 similar to those described
above. In this embodiment the support spring is shown
at 76 as a bifurcated member inserted in slot 80 in the
foil retainer 72 by slug 78. The operation of this em-
bodiment is similar to that described in connection with
FIG. 3 above. However, in this embodiment the bifur-
cated ends of the spring member 76 contact the out-
wardly radial surface of the primary foil 74 to provide
the stiffening and damping during oscillatory motion.

Referring now to FIG. §, another embodiment of the
invention is shown at 80. The foil retaining ring 84 is
similar to that described above. The foil members 86
are retained in the foil retainer 84 in the same manner.
However, in this embodiment a separate support mem-
ber is not provided. Rather there is provided on each
of the foils 86, an arcuate stiffening ridge shown at 88.
In operation, each foil is in contact with the arcuate
portion of the adjacent foil which will then serve as the
stiffening and damping member.

All the embodiments discussed above have been con-
cerned with foil bearings for supporting a rotating shaft
member. The same principles described above are ap-
plicable to thrust bearings or bearings for supported
parts moving in translation with respect to each other.
There is shown in FIG. 6 a thrust bearing 90 having foil
base 94 for supporting a member 92 movable with re-
spect to base 94. In this embodiment there is provided
a foil carrier 96 to which there is attached on one side
‘hereof a plurality of foils 98. On the opposite side of
‘he carrier there are provided the supporting members
100 illustrated here as similar to those discussed in FIG.
3 above. In operation, the back-up spring 100 will in-
:rease the foil assembly spring rate to provide the
idded stiffness desired. Further, as spring 100 is com-
ressed, the legs will rub against the inner surface of
»ase 94 and provide damping as described in connec-
ion with FIG. 3 above.

Referring now to FIG. 8, there is shown another em-
»odiment of the invention for supporting a conical ro-
ating member. There is provided a bearing housing
{10 having a conical opening therein. A conical foil as-
embly 112 is formed to fit into this opening. The foil
issembly 112 is comprised of foils 114 and foil supports
-16. Each foil is provided with an individual support
astened to the foil as shown at 118 for stiffening the
oil and providing damping action under oscillating
oads. The conical bearing is arranged to support a ro-
ating shaft 120 having a conical shaped end 122, In
his form a single bearing can provide both radial and
xial support for the shaft 120.

As can be seen from the above description, there is
rovided by this invention in its several embodiments,

means for increasing the stiffness of hydrodynamic
earing foils and thus enhancing their load carrying ca-
acity. The effect of this dual spring rate assembly is to
llow the incorporation of thin foils for good surface
onformance while at the same time providing suffi-
ient support for anticipated loads. Additionally, the
upporting member provides damping to air and con-
‘ol of oscillatory motion between bearing members.

While specific embodiments of the invention have
een illustrated and described, it is to be understood
1at these embodiments are provided by way of exam-
le only and that the invention is not to be construed
s being limited thereto, but only by the proper scope

f the following claims.
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What we claimed is:

1. A hydrodynamic fluid bearing comprising:

first and second bearing elements movable with re-
spect to each other and spaced apart to form a fluid
gap therebetween,

at least one bearing foil attached to one of said bear-
ing elements said foil loosely conforming to the
shape of said bearing elements;

foil stiffening means attached to one of said bearing
members and contacting said bearing foil at at least
one point for increasing the effective stiffness of
said bearing foil, said foil stiffening means compris-
ing a generally U-shaped member attached to one
of said bearing means at the closed end of said
member and the bifurcated open ends being in
contact with said bearing foil.

2. A hydrodynamic fluid bearing comprising:

first and second bearing elements movable with re-
spect to each other and spaced apart to form a fluid
gap therebetween;

at least one bearing foil attached to one of said bear-
ing elements said foil loosely conforming to the
shape of said bearing elements;

foil stiffening means attached to one of said bearing
elements and contacting said bearing foil at at least
one point for increasing the effective stiffness of
said bearing foil, said foil stiffening means compris-
ing a generally U-shaped member arranged be-
tween said bearing foil and the bearing element to
which said foil is attached such that the open end
of said U-shaped member is in contact with said
bearing element and the closed end is in contact
with said foil member when said bearing elements
are assembled in their operating relationship.

3. A hydrodynamic fluid bearing comprising:

first and second bearing elements movable with re-
spect to each other and spaced apart to form a fluid
gap therebetween;

at least one bearing foil attached to one of said bear-
ing elements said foil loosely conforming to the
shape of said bearing elements, said bearing foil
comprising a plurality of overlapping bearing foils;
and

foil stiffening means attached to one of said bearing
members and contacting said bearing foil at at least
one point for increasing the effective stiffness of
said bearing foil, said foil stiffening means compris-
ing an arcuate shape formed in each of said foils in-
termediate the end thereof and forming an axial
ridge in said foil surface, said axial ridge being ar-
ranged such that each foil is in contact with the
ridge of the adjacent foil when said bearing ele-
ments are assembled in an operating relationship.

4. A hydrodynamic fluid bearing comprising:

a shaft member rotatable about a longitudinal axis;

shaft supporting means generally coaxial with said
shaft member about the longitudinal axis;

first resilient bearing means attached to said shaft
supporting means for partially supporting said shaft
member in said supporting means in connection
with a dynamic fluid film;

said first resilient bearing means comprising a plural-
ity of foils loosely conformed about said shaft
member between said shaft member and said shaft
supporting means; and

second resilient bearing means for partially support-
ing said first resilient bearing means, said second
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resilient bearing means comprising a second plural-
ity of foils interspersed between the foils of said
first resilient bearing means for increasing the ef-
fective stiffness of said first resilient bearing means.

5. A hydrodynamic fluid bearing comprising:

a shaft member rotatable about a longitudinal axis;

shaft supporting means generally coaxial with said
shaft member about the longitudinal axis;

first resilient bearing means attached to said shaft
supporting means for partially supporting said shaft
member in said supporting means in connection
with a dynamic fluid film;

said first resilient bearing means comprising a plural-
ity of foils loosely conformed about said shaft
member between said shaft member and said shaft
supporting means; and

second resilient bearing means for partially support-
ing said first resilient bearing means, said second
resilient bearing means comprising a plurality of
generally U-shaped members attached to said shaft
supporting means at the closed end of said U and
each of said U-shaped members having the legs of
the open end thereof in contact with one of said
first resilient bearing means for increasing the ef-
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fective stiffness thereof.

6. A hydrodynamic fluid bearing comprising:

a shaft member rotatable about a longitudinal axis;

shaft supporting means generally coaxial with said
shaft member about the longitudinal axis;

first resilient bearing means attached to said shaft
supporting means for partially supporting said shaft
member in said supporting means in connection
with a dynamic fluid film;

said first resilient bearing means comprising a plural-
ity of foils loosely conformed about said shaft
member between said shaft member and said shaft
supporting means; and

second resilient bearing means for partially support-
ing said first resilient bearing means, said second
resilient bearing means comprising a plurality of
generally U-shaped members, one of said members
being operatively arranged between cach of said
first resilient bearing means and said shaft support-
ing means such that the closed end of said U-
shaped member is adjacent said second resilient
bearing means and the open end of said U-shaped
member is adjacent said shaft supporting means.
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