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THRUST BEARING UNDERSPRING

Process fluid or gas bearings are now being utilized
in an increasing number of diverse applications. These
fluid bearings generally comprise two relatively movable
elements with a predetermined spacing therebetweén filled
with a fluid such as air, which, under dynamic conditions,
form a supporting wedge sufficient to prevent contact
between the two relatively movable elements.

Improved fluid bearings, particularly gas bearings of
the hydrodynamic type, have been developed by providing
foils in the space between the relatively movable bearing
elements. Such foils, which are generally thin sheets of a
compliant material, are deflected by the hydrodynamic film
forces between adjacent bearing surfaces. The foils
enhance the hydrodynamic characteristics of the fluid
bearings and also provide improved operation under extreme
load conditions when normal bearing failure might otherwise
occur. Additionally, these foils provide the added
advantage of accommodating eccentricity of the relatively
movable elements and further provide a cushioning and
dampening effect.

The ready availability of relatively clean process
fluid or ambient atmosphere as the bearing fluid makes
these hydrodynamic, fluid film lubricated, bearings
particularly attractive for high speed rotating machinery.
While in many cases the hydrodynamic or self-acting fluid
bearings provide sufficient load bearing capacity solely
from the pressure generated in the fluid film by the
relative motion of the two confronting surfaces, it is
sometimes necessary to externally pressurize the fluid
between the bearing surfaces to increase the load carrying
capability.

In order to properly position the compliant foils
between the relatively movable bearing elements, a number
of mounting means have been devised. In thrust bearings,
it is conventional practice to mount a plurality of
individually spaced foils on a foil bearing disk such as ty
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spot welds and position the foil bearing disk on one of the
pearing elements as exemplified in U.S. Pat. No. 3,635,534,
Alternatively, a compliant unitary foil, such as
illustrated in U.S. Pat. No. 4,247,155, has been proposed.

To establish stability of the foils in most of these
mounting means, a substantial pre-load is required on the
foil. That is, the individual foils must be loaded against
the relatively movable bearing element, which is opposed to
the bearing element upon which the foils are mounted. It
has been conventional to provide separate compliant
stiffener elements or undersprings beneath the foils to
supply this required preload as exemplified in Applicant
and Assignee's previous U.S. Pat. Nos 4,624,583 and
4,682,900. Further examples of current underspring designs
are exemplified by U.S. Pat. Nos. 4,082,375; 4,213,657;
4,225,196; 4,247,155 4,277,111; and 4,277,112. While |
these references detail underspring designs of various
configurations, it is important to note that the associated
thrust load capacities are limited to about 2.758x 104
Newton/meter2 (40 pounds per sgquare inch). Further, the
designs attempt to provide either a radially uniform
underspring force, or a radially decreasing underspring
force, as discussed in the Grey, 4,277,111 patent.

In the present invention, the foil thrust bearing is
provided with a thrust bearing underspring disk having a
radially increasing spring force or load capacity. A
plurality of spring sections formed in the underspring disk
provide improved load capacity and pressure force
distribution, allowing a maximum thrust load in excess of
80 psi to be attained. In a preferred embodiment, the
present underspring disk includes sets of three spring
sections spaced apart radially, with the outer spring
section having a greater spring force resilience then the
radially inner spring sections. For example, the spring
sections each include a plurality of corrugations, and the
peak to peak length of the corrugations is shorter for the
radially outer spring section than for the radially inner
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FIG. 1 is an exploded perspective view of a foil
thrust bearing of the present invention;

FIG. 2 is an enlarged partial top plan view of the
thrust bearing underspring of the foil thrust bearing of
FIG. 1;

FIGS. 3A, 3B, and 3C are an enlarged cross-sectional
view through each of three spring sections of the thrust
bearing underspring of FIG. 2 along lines 3--3 thereof;

FIGS. 4A and 4B are alternative cross-sectional views
of the thrust bearing underspring of FIG. 3 taken along
line 4--4 thereof;

FIG. 5 is an enlarged partial perspective view of an
alternate thrust bearing underspring of the present
invention;

FIGS. 6A and 6B are alternative cross-sectional views
of the thrust bearing underspring of FIG. 5 taken along
line 6--6 thereof;

FIG. 7 is an enlarged partial perspective view of
another alternate thrust bearing underspring of the present
invention;

As illustrated in Fig. 1, a thrust runner 10,
including a shaft 12, is rotatably supported on a thrust
plate 14 by means of a fluid thrust bearing including a
bearing disk 16 and thrust bearing stiffener or foil
underspring 20. The bearing disk 16 includes a plurality
of compliant foils 18, and the underspring 20 provides
radially increasing load support for the compliant foils
18. Individual compliant foils 18 may be mounted on the
bearing disk 16 as shown in Fig. 1 by spot welding, or
alternatively, the foils may be unitary or integral with
the bearing disk 16 as is generally illustrated in U.S.
Pat. No. 4,247,155. The bearing disk 16 and underspring 20
may include outer projections 22, 24 respectively, having
cutouts which can be utilized to maintain the position of
the bearing disk 16 and underspring 20 with respect to the
thrust plate 14.
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Fig. 2 depicts an enlarged partial top plan view
of the underspring 20 of Fig. 1. The underspring 20
includes means for radially increasing the spring force
support of the overlying compliant foil 18 (of Fig. 1).
The means for radially increasing the spring force of the
underspring 20 of Fig. 2 preferably comprises a plurality
of sets of spring sections 30, each set of spring sections
30 including at least two and preferably three individual
spring elements 32, 34, and 36 (numbered successively with
increasing radius). It should be noted that four or more
spring elements may be appropriate and indeed preferred for
large diameter thrust bearings, however, for clarity only,
three spring elements will be depicted and discussed.

The three spring elements 32, 34 36 are preferably
individually corrugated 42, 44, 46, and configured to
support a single overlying foil 18 of the bearing disk 16
(Fig. 1). Accordingly, the spring elements are arranged
radially adjacent one another, extending through equal arc
angles and thus traversing radially increasing arc lengths.
The three spring elements 32, 34, 36 are depicted in a
stacked, cross sectional view in Fig. 3, wherein the
corrugations 42, 44, 46 of each spring element 32, 34, 36
respectively, is apparent. Further, the peak to peak
length or pitch (P3;, P34, P3g) Of the corrugations 42, 44,
46 of each spring element 32, 34, 36 is depicted. 1In order
to provide increasing spring force at the radially outer
spring elements 34, and 36, the pitch decreases, i.e. Pj, is
greater than P;, which in turn is greater than Pgg.

The underspring 20 of Fig. 2 includes four
alternative corrugation arrangements for the four spring
section sets 30, 30a, 30b, and 30c. In spring section set
30, the corrugations 42, 44, 46 are all radially aligned,
thus the pitch of each individual spring element 32, 34, 36
also increases across the radial width of the respective
element. Alternatively, the spring section set 30a
includes radially uniform, constant pitch corrugations 42a,
44a, 46a. Thus, for spring section set 30a, all of the
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successive corrugations 42a, 44a, 46a align in parallel
with the first corrugation 42a, 44a, 46a, which is
proximate the leading edge. Preferably, the first
corrugation 42a, 44a, 46a is radially aligned. A third
possible configuration is depicted in spring section set
30b, wherein all of the corrugations 42b, 44b, 46b are set
at an angle ¢ with respect to a radius. It should be noted
that the angle ¢ is not necessarily the same for the
respective spring elements 32b, 34b, 36b. A fourth
possible configuration is depicted in spring section set
30c, wherein all of the corrugations 42c, 44c, 46c are
align in parallel with the last corrugation 42c, 44c, 46c,
which is proximate the trailing edge of the spring elements
32c, 34c, 36c. Preferably, this last corrugation 42c, 44c,
46c is radially aligned.

Figs 4A and 4B show alternative cross sections through
the underspring 20. As depicted, the underspring 20
comprises a thin compliant ring disk having a thickness (t)
generally between 0.0025 centimeters (cm.) and 0.075 cm.
The cross sectional thickness, t; of the underspring 20 may
be uniform as shown in Fig 4A. Alternatively, as shown in
Fig. 4B, an underspring 20' having a varying cross
sectional thickness which increase radially, from t; to t,,
may be configured as shown in Fig. 2. Increasing the cross
sectional thickness further increases the spring force of
the underspring 20' with increasing radius.

Fig. 5 is an enlarged partial perspective view of an
alternate thrust bearing underspring 50. The means for
radially increasing the spring force of the underspring 50
of Fig. 5 comprises a spring element 52 including a first
plurality of generally radially aligned ridges 54 which
extend across the entire radial width of the spring element
52, and a set of second ridges 56 generally radially
aligned and extending inward from the radially outer edge
58 of the spring element a fractional portion of the radial
width of the spring element 52. In the spring element 52,
the first and second sets of ridges 54, 56 are alternately
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inward a fractional portioh of the width of the spring
element 52. Preferably, the third set of ridges 58 are
located between each of the first and second set ofvridges
54, 56. In addition, the second set of ridges 56
preferably extend radially inward approximately two-thirds
of the width of the spring element 52 and the third set of
ridges 58 extend approximately‘one—third of the width of
the spring element 52. Those skilled in the art will
appreciate that for large diameter undersprings additional
sets of ridges may be required.

Figs 6A and 6B show alternative cross sections through
the underspring 50 of Fig 5. Underspring 50 comprises a
thin compliant ring disk having a thickness (t) generally
between 0.0025 centimeters (cm.) and 0.075 cm. The cross
sectional thickness, t, of the underspring 50 may be uniform
as shown in Fig 6A, alternatively, the cross sectional
thickness of an underspring 50' may increase radially, from
t; to t,, as shown in Fig. 6B, wherein t; is in the range of
between 0.0025 cm. and 0.075 cm," and t, is in the range of
between t; and sum of t; + 0.075 cm. Increasing the cross
sectional thickness further increases the spring force of
the underspring 50' with increasing radius.

Fig. 7 shows an alternative configuration for an
underspring 50a similar to the underspring 50 of Fig. 5,
including in addition at least one and preferably two slits
60, 62 in the spring elements 52a of the underspring 50a.
The slits 60, 62 are preferably arcuate in shape, and

divide the spring elements 52a into two or three segments

64, 66, 68. The slits 60, 62 are preferably located at the
radially inner ends of the second and third sets of ridges
56, 58 respectively. Thus, the radially inner segment 64

includes one set of ridges, the middle segment 66 includes

two sets of ridges, and the outer segment 63 includes three

sets of ridges. The underspring 50a of Fig. 7 can have
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either of the cross sections shown in Fig. 6A or 6B.
Furthermore, the undersprings 50, 50a can have any of the
orientations for the corrugations depicted in Fig. 2 and
described above.

Under the dynamic conditions depicted in Fig. 1, the
bearing disk 16 and underspring 20 (or 50, 50a) support the
thrust runner 10 on a cushion of air or pressurized fluid.
For sector shaped compliant foils 18, fluid film pressure
increases radially to a maximum at the outer diameter due
to the radial velocity gradient. 1In addition, the pressure
between the relatively rotating thrust runner 10 and
bearing disk 16 is dependent upon the relative velocity.
Thus, higher pressures are generated at the radially outer
portions of the bearing disk 16 than at the inner portions.
The undersprings 20 of the present invention are designed
to provide radially increasing stiffness to achieve uniform
deflection and thus constant film thickness across the
radial width of the foils 18. This in turn allows higher
total bearing load capacities for the foil thrust bearings
of the present invention.

The undersprings 20, 50, or 50a are preferably formed
by either a chemical etching or stamping operation, wherein
the cutouts and slits defining the spring elements 32, 34,
36, 52, or 52a are made first and the corrugations 42, 44,
46 or ridges 54, 56, 58 are subsequently etched or stamped.
Alternatively, the individual spring elements 32, 34, 36,
52, or 52a can be cut out of sheets, corrugated (or
ribbed), and then attached to a metallic disk which
includes the appropriately configured cutouts to
accommodate the individual spring elements 32, 34, 36, 52,
or 52a.
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CLAIMS:
1. A fluid thrust bearing comprising:

a thrust runner (10);

a thrust plate (14) to rotatably support said thrust
runner; and

a compliant foil bearing (16, 18) operably disposed
between said thrust runner and said thrust plate, said
compliant‘foil bearing including a bearing disk (16) having
a plurality of compliant foils (18) disposed towards said
thrust runner and a foil underspring disposed between said
thrust plate and said bearing disk, said underspring
including means for providing radially increasing spring
force support of said overlying compliant foils.

2. The fluid thrust bearing of claim 1, wherein said
means for radially increasing the spring force of the
underspring comprises:

a plurality of sets of spring sections (30, 32, 34,
36), each of said spring sections including at least two
individual spring elements (32, 34, 36), said spring
elements individually corrugated and said spring sections
each configured to support one of said overlying foils (18)

of said bearing disk.

3. The fluid thrust bearing of claim 2 wherein said
spring elements (32, 34, 36) of one spring section are
arranged radially adjacent one another, extending through
équal arc angles and traversing radially increasing arc

lengths.

4. The fluid thrust bearing of claim 2 wherein said
corrugations (42, 44, 46) of said spring elements have a
peak to peak pitch P, and said pitch P of a radially outer
spring element is less then the corresponding pitch P for
any respective radially inner spring element.
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5. The fluid thrust bearing of claim 1, wherein said
means for radially increasing the spring force of the
underspring comprises:

a spring element (52) including a first plurality of
generally radially aligned ridges (54, 56) which extend
across the entire radial width of said spring element, and
a set of second ridges (54, 56) generally radially aligned
and extending inward from a radially outer edge of said
spring element a fractional portion of the radial width of
said spring element (52), said first and second sets of
ridges (54, 56) alternately spaced and equal in height.

6. The fluid thrust bearing of claim 1, wherein said
means for radially increasing the spring force comprises:

a thin compliant ring disk (20) underspring having a
cross sectional thickness t; at a radially inner edge and t,
at a radially outer edge, wherein t; is in the range of
between 0.0025 cm. and 0.075 cm, and t, is in the range of
between t, and the sum of t, + 0.075 cm.

7. The fluid thrust bearing of claim 4, wherein said
underspring (20) further comprises:

a thin compliant ring disk having a cross sectional
thickness t; at a radially inner edge and t, at a radially
outer edge, wherein t, is in the range of between 0.0025 cm.
and 0.075 cm, and t, is in the range of between t; and the
sum of t; + 0.075 cm.

8. The fluid thrust bearing of claim 5, wherein said
underspring further comprises:

a thin compliant ring disk (20) having a cross
sectional thickness t; at a radially inner edge and t, at a
radially outer edge, wherein t; is in the range of between
0.0025 cm. and 0.075 cm, and t, is in the range of between
t, and the sum of t; + 0.075 cm.
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