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ABSTRACT

Disclosed here with is a foil journal bearing utilizing a
plurality of piezoelectric actuators. The foil journal bearing
is provided at an interior Surface of its bearing housing with
a plurality of foils or a top foil for Supporting a rotating shaft.
The foil journal bearing includes a plurality of piezoelectric
actuator devices embedded in an inside portion of the
bearing housing while coming into contact with and Sup
porting the foils or foil to increase StiffneSS and damping
coefficient of the bearing at critical Speeds of the rotating
shaft. Each of the piezoelectric actuator devices is comprised
of a piezoelectric actuator inserted into one of dimples
formed on the interior Surface of the bearing housing and
provided with at least a piezoelectric actuating element and
an elastic Spring interposed between a bottom of the piezo
electric actuator and a bottom of the dimple, So as to increase
StiffneSS and damping coefficient of the bearing by applica
tion of Voltage to the piezoelectric actuator.
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SMART FOIL JOURNAL BEARING WITH
PIEZOELECTRIC ACTUATORS
BACKGROUND OF THE INVENTION

0001) 1. Field of the Invention
0002 The present invention relates to air foil journal
bearings for Supporting Shaft of a rotation System, and more
particularly to a Smart foil journal bearing with piezoelectric
actuators, which is capable of increasing its load-carrying
capacity and eliminating its operation instability by control
ling the damping of vibrations at critical Speed.
0003 2. Description of the Prior Art
0004. In general, a air foil journal bearing employs air as
lubricating material instead of lubricating oil, and is a
mechanical element Suitable for a clean mechanical System.
Such a foil journal bearing has a relatively wide area for
Supporting a rotating member in comparison with other
bearings, thus having high reliability. Therefore, the foil
journal bearing can be utilized as a Supporting bearing for
Small, general aerial gas turbine engines, turbo expanders,
various aerospace auxiliary power units, land transportation
means, vapor cycle centrifugal compressors, and various
commercial air compressors.
0005 The air foil bearing should be designed to have
load-carrying capacity and Stability, and to withstand wear
due to unstable contact between a shaft and a bearing during
its Start and Stop.
0006 FIG. 1 is a sectional view of a conventional
mult-leaf foil journal bearing. A plurality of slots 32 are
formed on the inner surface of a bearing housing 30 while
being Spaced apart from one another. A plurality of foils 20
are fixed by the slots 32, and Support a shaft 10. The
conventional multi-leaf foil journal bearing can increase
hydrodynamic Stiffness by increasing the thickness of the
foils 20. However, the conventional multi-leaf foil journal
bearing is problematic in that the life span of the bearing is
shortened by wear between the shaft 10 and the foils 20 due
to relatively increased Start torque. Additionally, the vibra
tion control of the shaft 10 depends upon only the repulsive
force of the foils 20, So that the load-carrying capacity of the
bearing is restricted and the effective control the vibrations
is difficult, thereby causing the shaft 10 to be unstable when
the shaft rotates fast. This creates unstable contact between

the foil journal bearing and the shaft 10.
0007 FIG. 2 is a sectional view of a conventional bump
foil journal bearing in which a top foil 40 and a bump foil
42 are positioned on the inner Surface of a bearing housing
30 and support a shaft 10. The bump foil journal bearing can
increase load-carrying capacity by the great Stiffness of the
bump foil 42. However, gas in the bump foil 42 that is
elastically deformed by the load exerted on the shaft 10 leaks
in axial direction of the Shaft, thereby weakening the damp
ing capacity of the bump foil journal bearing and, accord
ingly, causing the control of Vibrations at a high-speed
region to be difficult.
SUMMARY OF THE INVENTION

0008 Accordingly, the main object of the present inven
tion is to provide a foil journal bearing, in which a plurality
of piezoelectric actuators are positioned to Support the
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exterior Surface of a foil to increase StiffneSS against Shaft
Supported load and damping capability at a high-speed
region, thereby improving its load-carrying capacity,
enabling the reduction of the vibration amplitude of the
shaft, and eliminating the instability of the Shaft at critical
Speeds.
0009. In order to accomplish the above object, the present
invention provides a foil journal bearing, which is provided
at an interior Surface of its bearing housing with a plurality
of foils or a top foil for Supporting a rotating Shaft, com
prising: a plurality of piezoelectric actuator devices embed
ded in an inside portion of the bearing housing while coming
into contact with and Supporting the foils or the foil to
increase Stiffness and damping coefficient of the bearing at
critical Speeds of the rotating Shaft; wherein each of the
piezoelectric actuator devices is comprised of a piezoelectric
actuator inserted into one of dimples formed on the interior
Surface of the bearing housing and provided with at least a
piezoelectric actuating element and an elastic Spring inter
posed between a bottom of the piezoelectric actuator and a
bottom of the dimple, So as to increase StiffneSS and damping
coefficient of the bearing by application of Voltage to the
piezoelectric actuator.
0010. The foil journal bearing in accordance with the
present invention has also a thrust which is a force of the
direction of the shaft and effectively supports the loaded
shaft. Therefore, the foil journal bearing has much more

load-carrying capabilities to any direction. (i.e., to the radial
and thrust directions).
BRIEF DESCRIPTION OF THE DRAWINGS

0011. The above and other objects, features and other
advantages of the present invention will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:
0012 FIG. 1 is a sectional view of a conventional
multi-leaf foil journal bearing;
0013 FIG. 2 is a sectional view of a conventional bump
foil journal bearing;
0014 FIG. 3A is a sectional view of a foil journal
bearing according to a first embodiment of the present
invention;

0.015 FIG. 3B is a perspective view of the foil journal
bearing of FIG. 3A;
0016 FIG. 4 is a sectional view a foil journal bearing
according to a Second embodiment of the present invention;
0017 FIG. 5A is a sectional view of a piezoelectric
actuator in accordance with the present invention;
0018 FIG. 5B is a sectional view for explaining the
operation of piezoelectric actuator;
0019 FIG. 6 is a schematic diagram showing the control
of the foil journal bearing of the present invention; and
0020 FIG. 7 is a graph showing the relationship between
the rotating Speed of the Shaft and the vibration amplitude.
DESCRIPTION OF THE PREFERRED
EMBODIMENTS

0021 FIGS. 3A is a sectional view of a smart foil journal
bearing according to the first embodiment of the present
invention and FIG. 3B is a perspective view of the foil
journal bearing of FIG. 3A.
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0022 Shown as in the drawings, the Smart foil journal
bearing has a plurality of multi-leaf foil 20 arranged around
the inner Surface of the bearing housing 30 and piezoelectric
actuator 100 Supporting the multi-leaf foil 20. Here, the
piezoelectric actuator 100 increases the stiffness for Sup
porting the shaft and the attenuation force of the shaft.
0023 FIG. 4 is a sectional view a smart foil journal
bearing according to the Second embodiment of the present
invention.

0024. The top foil 40 plays a role to the multi-leaf foil of
FIGS. 3A and 3B. The piezoelectric actuator 100 installed
in the inner Surface of the bearing housing Supports a shaft
10 behind the top foil 40. Therefore, the Smart foil bearing
has a StiffneSS and Supplies an attenuation force to the shaft
10.

0025 FIG. 5A is a sectional view of a piezoelectric
actuator in accordance with the present invention.
0026. As illustrated in FIGS. 3A, 3B and 4, there is
provided a Smart foil journal bearing of the present invention
in which a plurality of foils 20 or a foil 40 are arranged on
the inner Surface of the bearing housing 30 and a plurality of
piezoelectric actuator 100 are embedded in the inner portion
of the bearing housing 30 while coming into contact with
and supporting the foils 20 or the foil 40.
0.027 Each of the piezoelectric actuator 100 includes a
piezoelectric pin 101, a plurality of piezoelectric devices
102a, 102b, 102c and 102d, an elastic sprig 103. The
piezoelectric devices are stacked with one on top of another
and are to be more Stacked. In this embodiment, the piezo
electric actuator 100 includes four piezoelectric devices
102a, 102b, 102c and 102d. Each piezoelectric actuator 100
is inserted into corresponding to dimple 34 regularly formed
on the inner Surface of the bearing housing 30. The Spring is
interposed between the bottom of the piezoelectric pin 101
and the bottom of the dimple 34. Here, the spring made of

a thin plate (or a coil type spring) is employed to adjust the

height of the piezoelectric actuator 100 according to the
position of the corresponding portion of the foils 20 or the
foil 40. The elastic spring 103 is preferably made of heat
resistant Steel that has relatively low elasticity and thermal
deformation.

0028 FIG. 5B is a sectional view for explaining the
operation of piezoelectric actuator.
0029. In order to operate the piezoelectric actuator 100, it
must be connected to a power source 120. When direct
Voltage from the power Source 120 is applied to the piezo
electric actuator 100, the piezoelectric devices 102a through
102d of the piezoelectric actuator 100 is expanded to its

axial and radial directions of the bearing (or the radial and
axial directions of the piezoelectric devices). The axial

displacement of the piezoelectric actuator 100 affects the
position of the corresponding portion of the foils 20 or the
foil 40, while the radial displacement of the piezoelectric
actuator 100 is small in comparison with the axial displace
ment, but varies the gap between the outer Surface of the
piezoelectric actuator 100 and the sidewall of the dimple 34.
0030 The moments when voltage is applied to the piezo
electric actuator 100 are illustrated in FIG. 7. That is, the

moments are the time when the rotational Speed of the
bearing passes through the critical Speed n1 of a rigid body
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mode and the critical speed n2 of the bending of the shaft 10.
When Voltage is applied at the moments, an amplitude
reduction effect corresponding to a difference between a line
G1 and a line G2 can be achieved.

0031 FIG. 6 is a schematic diagram showing the control
of the foil journal bearing of the present invention.
0032. The Smart foil journal bearing of the present inven
tion includes a plurality of displacement sensors 130, for
example two, on the inner Surface of the bearing housing 30
for detecting the gap between the Shaft 10 and the bearing,
and a Voltage controller 140 for inputting the detected Signal
from the displacement Sensors 130, comparing gaps based
on the detected Signal with a predetermined signal corre
sponding to the gap value and outputting a controlling
voltage. Then, the piezoelectric actuator 100 receives the
controlling voltage from the voltage controller 140 and
controls the gap or the position of the shift to be center of the
bearing housing, even though the shaft shifts its position
from the center, due to loads exerted on the Shaft.

0033. The foil journal bearing in accordance with the
present invention has also a thrust which is a force of the
direction of the shaft and effectively supports the loaded
shaft. Therefore, the foil journal bearing has much more

load-carrying capabilities to any direction. (i.e., to the radial
and thrust directions).
0034. Accordingly, in the Smart foil journal bearing of the
present invention, the Stiffness of the bearing can be adjusted
in its circumferential direction, So the load-carrying capacity
of the bearing can be improved by applying high Voltage in
the direction of load application.
0035 FIG. 7 is a graph showing the relationship between
the rotating Speed of the Shaft and the vibration amplitude.
0036) In a rigid body mode (rotational speed of n1)
occurred at a relatively low speed of the shaft 10:
0037. When the shaft 10 begins to rotate from an initial
rotational Speed n0 and reaches a critical Speed n1, the Shaft
10 rotates and vibrates with a large amplitude shown as
graph G1. The vibration of the rotating shaft 10 is caused by
its translation movement, and is principally affected by the
StiffneSS and damping characteristics of two end Support
bearings.
0038 However, the Smart foil journal bearing of the
present invention having the StiffneSS and carrying capacity
for the load, as mentioned method above, can reduce the

instability of the vibration shown as graph G2 at the critical
Speed n1.

0039. In the bending mode (rotational speed of n2)

occurred at a relatively high speed of the shaft 10:
0040. Meanwhile, when the shaft 10 rotates more than
the critical Speed n1 and reach another critical Speed n2, the
shaft 10 rotates and vibrates with a relatively large amplitude
shown as graph G1, comparing with that at the critical Speed
n1. The amplitude of the center of its shaft is greatest, it is
most effective to give Support to the center of the rotation
shaft 10.

0041. In that case, the Smart foil journal bearings of the
present invention are situated to Support both ends of the
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shaft 10. Therefore, it can eliminate the instability or imbal
ance of the shaft 10 causing by the vibrations at a relatively
high Speed.
0042. Accordingly, the foil journal bearing of the present
invention is considerably useful to machinery that require
the increase of Stiffness and damping capability when the
rotating Speed of their rotational shafts is greater than a
critical Speed, Such as turbo machinery.
0043. The support stiffness of the foils 20 or the foil 40
can be adjusted by varying the number of actuators 100 and
the stiffness of elastic springs 110.
0044) In the Smart foil journal bearing of the present
invention, there is formed a Small gap between the outer
surface of the piezoelectric actuator 100 and the sidewall of
the dimple 34 So as to create a radial air flow according to
a squeeze film phenomenon, as shown in FIG. 5A. The air
flow generated around the piezoelectric actuator 100 damps
Vibrations in a high Speed region.
0.045. As described above, the present invention provides
a foil journal bearing utilizing piezoelectric actuators, which
is capable of improving load-carrying capacity, which is
capable of adjusting the Stiffness and damping force of the
bearing by detecting distance between a rotating shaft and
each piezoelectric actuator and effectively operating the
piezoelectric actuators, and which is capable of eliminating
imbalance by controlling vibrations at critical Speeds.
0.046 Although the preferred embodiments of the present
invention have been disclosed for illustrative purposes,
those skilled in the art will appreciate that various modifi
cations, additions and Substitutions are possible, without
departing from the Scope and Spirit of the invention as
disclosed in the accompanying claims.
What is claimed is:

1. A Smart foil journal bearing, which is provided at an
interior Surface of its bearing housing with a plurality of foils
or a top foil for Supporting a rotating shaft, comprising:
a plurality of piezoelectric actuator embedded in an inside
portion of the bearing housing while coming into
contact with and Supporting the foils or the foil to
increase Stiffness and damping coefficient of the bear
ing, wherein each of Said piezoelectric actuator is
comprised of a piezoelectric actuator inserted into one
of dimples formed on the interior Surface of the bearing
housing and provided with at least a piezoelectric
actuating element and an elastic Spring interposed
between a bottom of the piezoelectric actuator and a
bottom of the dimple, So as to increase StiffneSS and
damping coefficient of the bearing by application of
Voltage to Said piezoelectric actuator.
2. The Smart foil journal bearing according to claim 1,
further comprising a plurality of displacement Sensors
mounted on an exterior Surface of Said bearing housing for
detecting a gap between the shaft and the bearing and a
Voltage controller for comparing gaps detected by Said
displacement Sensors and controlling Voltage, So as to auto
matically adjust StiffneSS and damping coefficient of the
bearing in a circumferential direction of the bearing.
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3. The Smart foil journal bearing according to claim 1,
wherein Said elastic Spring is a coil Spring made of a thin
plate So as to adjust a height of the piezoelectric actuator
according to a position of a corresponding portion of the foil.
4. The foil journal bearing according to claim 1, wherein
said stiffness of said foils or top foil depend on the number
of Said actuators and/or the Stiffness of Said elastic Springs.
5. The Smart foil journal bearing according to claim 1,
further comprising a Small gap between an outer Surface of
Said piezoelectric actuator and a Sidewall of Said dimple So
as to create a radial air flow according to a Squeeze film
phenomenon.
6. The Smart foil journal bearing according to claim 1,
wherein Said piezoelectric actuator is brought into contact
with said multiple foils or top foil while being erected in a
radial direction.

7. The Smart foil journal bearing according to claim 1,
wherein Said piezoelectric actuator includes a plurality of
piezoelectric devices, which are Stacked with one on top of
another.

8. A Smart foil journal bearing for Supporting a shaft,
wherein the bearing comprising:
a plurality of foils or one foil at an interior surface of the
foil journal bearing housing, and
a plurality of piezoelectric actuatorS Supporting the foils
or the one foil to increase StiffneSS and damping capac
ity of the bearing during rotation of Said shaft;
wherein each of Said piezoelectric actuators comprising:
a piezoelectric pin inserted into a dimple formed on the
interior Surface of the journal bearing housing,
a plurality of piezoelectric devices Stacked with one on
top of another in the piezoelectric pin; and
an elastic Spring interposed between a bottom of the
piezoelectric pin and a bottom of the dimple.
9. The foil journal bearing according to claim 8, wherein
Said elastic Spring is a coil spring made of a thin plate So as
to adjust a height of the piezoelectric pin according to a
position of a corresponding portion of Said foils or said one
foil.

10. The foil journal bearing according to claim 8, wherein
Said the piezoelectric actuators are Slidably and movably
installed in the dimples with a Small gap between an outer
Surface of Said piezoelectric pin and a Sidewall of Said
dimple So as to create a radial air flow to outside of the
piezoelectric actuators from the Spaces between the bottoms
of the piezoelectric pins and the dimples.
11. The foil journal bearing according to claim 10,
wherein Said StiffneSS and damping capacity depend on the
number of Said piezoelectric actuators and an elastic con
Stant of Said elastic Springs.
12. The foil journal bearing according to claim 11,
wherein Said Stiffness and damping capacity further depend
on preSSure of air filling of the Spaces between the bottoms
of the piezoelectric pins and the dimples and/or friction
force of the piezoelectric pin and Sidewall of the dimple.
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