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Squeeze Film Damper for High Speed Stable Operation
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Abstract : Four new types of squeeze film dampers have been experimentally investigated to develop a practical and
effective damper for flexible rotors. The cylindrical bush damper was selected as the best one among them and applied
in a test rotor supported on ball bearings. A stable running of the rotor exceeding the critical speed was observed.
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1. Introduction

Increasing the rotational speed of machine tools and
turbo machinery for high power to weight ratio has
always been a problem because of the critical speed or
unstable speed range of the rotor-bearing system. A
rotor supported on rolling bearings shows extremely
large amplitude near the critical speed due to poor dam-
ping of the bearings, so that the operating speed is limi-
ted by this critical speed. On the other hand, the am-
plitude of the rotor supported on journal bearings is
relatively small at the critical speed because the dam-
ping ratio of the bearings is large. There exists, how-
ever, an unstable speed range above the critical speed.

A drastic increase of the critical speed or the
unstable speed limit by changing design parameters
related to the shape of rotor and bearings is difficult to
achieve. Among several approaches, nevertheless, the
application of a squeeze film damping device for the
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reduction of the magnification of amplitude due to
critical speed or unstable vibration is known to be the
simplest and most acceptable solution.

Since Coopers” demonstrated the squeeze film in
practice, many researchers have investigated the squee-
ze film damping of a rotor dynamic systemz'w). They
have developed the mathematical models of the rotor-
bearing system with the squeeze film damper and
analyzed the damping ratio of the damper using the
hydrodynamic lubrication theory for an infinitely short
or long journal bearing.

The results have shown that the damper has excellent
damping characteristics when the system is in the range
of the critical speed. Some problems, however, still
remain in the design of the optimal squeeze film
damping device. For example, the flexible support
element shown in Fig. 1 must be stiff enough to maintain
the oil film gap between the support element and the
outer surface of the shaft-supporting bearing. The rotor
amplitude depends on the smallest gap height of the
squeeze film damper and the smaller the gap height, the

131



248

ond piate

oil supply
housing
| squeezs flim
bearing cose
bai | besring

- shatt

(
¢

dogs

N

bt

Fig. 1. Rotor with a squeeze film damping element

larger is its damping ratio. At the same time, the support
element should have enough flexibility because it also
has a positive effect on the rotor amplitude. Therefore, it is
not easy to find the optimal shape and dimensions of the
flexible support element and squeeze film damping device.

In this paper four damping elements are applied in
a rotating rotor-bearing system and their damping cha-
racteristics are developed into a compact damping ele-
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ment for high damping effects with the proper model-
ing to calculate the damper characteristics. Such an
element should easily be applicable to many rotating
machine without much revision to the original design.

2. Comparsion of the Damping
Characteristics

For a compact design of a damping element bet-
ween the rolling element bearing and its support hous-
ing, the bending bar of the flexible support element in
Fig. 1 can be teplaced by some slender pins around
the bearing”. The bearing can easily be located at the
center by these pins. However, the flexibility of the
support element is limited by the minimum diameter of
the pin which has to be determined by considering the
fatigue limit of the material. The mounting of the pins
can also be a problem.

Squeeze film dampers without axial alignment
devices can also operate in the rotating rotor-bearing
system. In this case the vibration amplitude of the
bearing will be limited by the squeeze film gap.
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A schematic of the squeeze film damper without
axial alignment devices is shown in Fig. 2. The poly-
gon steel band damper is made by wrapping the edged
steel band on the bearing surface; the edge of the band
in the first layer lies on the straight line of the band in
the second layer. The oil in the triangular space
between the band layers operates as a squeeze damper.

The steel mesh and the steel wool dampers shown
in Fig. 2 operate as effective dampers while the oil
exits through the many narrow passages of the steel
mesh or steel wool by compressing the mesh layer.
The fourth one is made by inserting the cylindrical
steel band and a few blocks between the bearing band
and the housing. These blocks make a double layer of
thin squeeze film between the bearing and the housing.
This type of damper was developed by Glienickel" for
a self-acting air bearing. Although the stiffness of
these four types of squeeze dampers is negligibly
small, the vibration amplitude depends on the gap
height, and therefore, can be controlled as a function
of the gap height.

(©) steel wool

Fig. 3. Test rig for measuring the damping characteristics

For measuring the damping characteristics of the dam-
pers a test rig of a mass-spring-damper system was set
up as shown in Fig. 3. A 24.3kg short rotor fitted on
the ball bearings with 45mm inner diameter(KBC6209)
is supported on the squeeze film dampers and installed
in the housings. A gap measuring pickup was mounted
on one end of the rotor and the vibrating motion of
the rotor due to an impulse at the middle of the rotor
was measured. The signal from the pickup was moni-

(d) cyfindrical thin bush with the damper

Fig. 4. Vibratory radial motion of the rotor supported on the ball bearing KBC 6209 (a) without damper and on (b) steel mesh, (©)

steel wool and (d) cylindrical thin bush with the damper
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Table . 1. Measured damping ratio of ‘different dampers ins-
Med ‘on ball bearing 6209(d = 45mm)

Radial Gap |Damping Ratio| ..
Danpers fmm] i o

Ball bearing without damper] 0 0003  |SAE 30
Polygon steel band 04 0.009 "
Steel mesh 0.5 0,05 "
Steel wool 0.8 0.11 "
Cylindrical bush 04 0.15 "

tored on the oscilloscope.

Fig. 4 shows the vibrating radial motion of the rotor
supported on a different damper for the impulse test. It
can be seen that the polygon steel band damper has
poor damping characteristics, while the others have the
desired damping ratio. Using the test data and the
response characteristics, damping ratios for different
dampers were estimated Table 1 shows the radial gap

and the measured damping ratio ¢= Z—dcr; for various

types of dampers.

Since the damper with a cylindrical thin bush of
these tests is shown to have the best damping effect
and the damping characteristics of the squeeze film
can be calculated explicitly, this type of damper was
selected as a practical damper model for further
investigation. Installation of the damper is very easy.
One inserts the thin bush first and then the blocks.
Depending on the thickness of the blocks, the shape of
the bush can be circular or wavy.

3. Application in a Rotating Shaft

To confirm the quality of the bush damper in a
practical application, the dampers were installed in the
bearings of a rotor and the behavior of the rotor vibra-
tion was measured.

The dimensions of the rotor are shown in Fig. 5.
The calculated stiffness of the rotor is 7924 N/mm and

the natural frequency is 54322 cps.

Fig. 5. Dimensions of the test rotor
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The outer diameter of the ball bearings is 85mm
and the width is 19mm. The stiffness of the bearings
is about 68,000N/mm. Fig. 6 shows the installation of
the bush damper between the bearing and the housing.
The inner diameter of the bush is 0.2mm. The height
of the blocks is 0.125mm. These blocks are made of
plastic tape and inserted into the gap between the
bearing, the band and the housing.

The instrumentation of the rotor test rig is shown in
Fig. 7. The vibrating motion of the rotor is measured
by the gap measuring pickups in the horizontal and
vertical direction. The reaction force of the bearing is
measured by a dynamic load cell.

The rotating speed of the test rotor varied from 0 to
10,000rpm as shown in Fig. 8. The measured ampli-
tude curve of the rotor for this speed range is plotted
in Fig. 9. The critical speed was 4,800rpm and the
amplitude peak of the journal measured about 100 zm,
which is half the total radial clearance of the squeeze
film damper. The amplitude of the rotor over the speed
range of 7,000rpm was about 7 #m, which is believed
to be the unbalanced radius of the rotor. Using these
test data, the estimated damping constant of the
damper is d. = 350Ns/mm. This is larger than the esti-
mated damping constant of d, = 290Ns/mm for the
earlier test shown in Fig. 3.
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Fig. 6. Cross section of the bush damper in a bearing
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Fig. 8. Tes{ rig of rotor bearing system

250
T — calculated values

= measured values

200

150

Amplitude (um)

50

0
0 500 1000 1500

Angular velocity (rad/sec) -
Fig. 9. Measured and calculated amplitude curve of the test
rotor

The calculated amplitude curve of the test rotor is
compared with the measured curve in Fig. 9. It can be
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seen that the calculated amplitude curve is in good
agreement with that measured at the critical speed. The
analysis of the forced vibration was done by the
transfer matrix method'®.

4. Conclusion

Among the various squeeze film dampers the thin
shell bush damper has shown the largest damping
effects and therefore, chosen as the most practical one
for design and instailation on rolling element bearings.

The amplitude peak of joumnal in the damper at the
critical speed of a flexible rotor supported on these
dampers was limited by the gap height of the squeeze
film thickness. A quiet running of the rotor up to
10,000rpm was observed. Optimal design of squeeze
film dampers for a rotor-bearing system can be achie-
ved by changing the gap height, the damper width and
the oil viscosity.
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