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[571 ABSTRACT 
This invention relates to a dual clearance hydrody- 
namic liquid squeeze film damper for a gas turbine en- 
gine. Under normal operating conditions the device 
functions as a conventional squeeze film damper, using 
only one of its oil films. When an unbalance reaches 
abusive levels, as may occur with a blade loss or foreign 
object damage, a second, larger-clearance film becomes 
active, controlling vibration amplitudes in a near- 
optimum manner until the engine can be safely shut 
down and repaired. 

16 Claims, 4 Drawing Figures 
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DUAL CLEARANCE SQUEEZE FILM DAMPER 

ORIGIN O F  THE INVENTION 
The invention described herein was made by an em- 

ployee of the United States Government and may be 
manufactured and used by or for the Government for 
governmental purposes without the payment of any 
royalties thereon or therefor. 

TECHNICAL FIELD 
This invention is concerned with providing a high 

degree of damping in a rotor case system of a gas tur- 
bine. The invention is further concerned with improv- 
ing the rotor dynamics of turbine machinery in general. 

In the prior art damping is supplied by the squeeze 
film action of a squeeze damper. Such a damper has the 
disadvantage of being highly nonlinear in that the stiff- 
ness and damping it provides vary with vibrational 
amplitude. This characteristic often exacerbates the 
rotor dynamics problem under conditions of high unbal- 
ance loads, such as when a blade breaks free from a 
turbine. 

Conventional squeeze film dampers having small 
clearances are used to control vibrations caused by 
small residual unbalance in rotors of turbine engines and 
other rotating machinery. When the unbalance becomes 
much larger than normal due to loss of turbine or com- 
pressor blades, foreign object damage, and the like, a 
squeeze film damper no longer attenuates unbalance 
forces. Under conditions of high unbalance, a larger 
damper clearance is needed. 

The ideal damper is one that is linear in that the stiff- 
ness and damping coefficients do not change with vibra- 
tion amplitude. One such device is a curved beam 
damper which, in theory, should be completely linear. 
A problem encountered in this damper is that damping 
effectiveness may be lost if any air is introduced into the 
damper fluid. 

The quasi-linear range of a conventional squeeze film 
can be enlarged by increasing the damper clearance. 
This has the disadvantages of requiring the damper to 
be longer and of less precise radial location of the rotor, 
possibly allowing rubbing of seal surfaces at engine 
startup and shutdown. Centering springs of the squirrel 
cage type are sometimes used in conjunction with 
squeeze film dampers. The stiffness of these springs is 
chosen for rotordynamic purposes, and this stiffness is 
frequently too low for purposes of shaft centerline loca- 
tion. These disadvantages of the conventional squeeze 
film can be somewhat mitigated by a multiple-shim 
damper of the type described in U.S. Pat. No. 4,214,796, 
but the total clearance required may still be larger than 
desirable. 

It is, therefore, an object of the present invention to 
provide a dual-clearance squeeze film damper which 
operates as a single-film damper at normal unbalance 
levels. When unbalance rises because of abnormal con- 
ditions, a high clearance portion of the device effec- 
tively dampens vibrations and prevents destructive 
rotor amplitudes and bearing loads. 

BACKGROUNDART 
Schein U.S. Pat. No. 2,003,316 relates to a means for 

preventing vibration of high speed vertical shaft rotors 
wherein, under normal loads, auxiliary bearing blocks 
are closely positioned symetrically around the rotor 
shaft to within oil film thickness with respect to the 
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exterior shaft surface. When the bearing is running 
under normal loads there is practically no clearance 
between the auxiliary block surfaces and the shaft. 
However, under heavier than normal loads, spring 
means will resiliently yield to enable the auxiliary 
blocks to move to the surface of the main bearings. This 
substantially increases the clearance space between the 
bearing shaft surfaces. 

Copending application Ser. No. 456,929 by Lawrence 
P. Ludwig entitled “Multiple Plate Hydrostatic Viscous 
Damper” describes apparatus directed to damping ra- 
dial motion of a rotating shaft. The damper comprises a 
series of spacer plates extending in a raaial direction. A 
hydrostatic piston i s  utilized to place a load on these 
plates. Each annular plate is provided with a suitable 
hydrostatic bearing geometry on at least one of its faces. 

DISCLOSURE O F  INVENTION 
The apparatus of the present invention provides a 

low clearance damper for normal operation and a high 
clearance damper which automatically becomes active 
under high unbalance conditions. The invention relates 
particularly to a dual clearance hydrodynamic liquid 
squeeze film damper. 

During normal operation, a low clearance bearing is 
fixed in position by shear pins, and a low clearance film 
provides the necessary damping. Under such conditions 
the dual film damper functions in a conventional man- 
ner using only one of its oil films. 

When the loads increase beyond the design value, the 
pins shear. This enables the low clearance portion of the 
bearing to move freely with the journal. Under these 
abusive levels of unbalance a larger clearance film be- 
comes active. Damping is then obtained predominantly 
from the high clearance portion of the damper. The 
high unbalanced forces are effectively attenuated to 
prevent catastrophic bearing and rotor failures. This 
feature further provides for limited additional operation 
or a safe shutdown. 

BRIEF DESCRIPTION O F  THE DRAWINGS 
The objects, advantages and novel features of the 

invention will be more fully apparent from the follow- 
ing detailed description when read in connection with 
the accompanying drawings in which 

FIG. 1 is a graph showing rotor midspan amplitude 
plotted against rotor speed for various unbalance condi- 
tions; 

FIG. 2 is a graph showing bearing load plotted 
against shaft speed; 

FIG. 3 is a graph showing unbalance sensitivity for 
various rotor supports; and 

FIG. 4 is a vertical section view of a dual clearance 
damper constructed in accordance with the present 
invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Within the limits of its capability, a conventional 
squeeze film damper effectively controls shaft vibration 
and bearing loads. For an open end damper with a fully- 
cavitated (P) film, the stiffness and damping coefficients 
are conveniently determined through the short bearing 
approximation. The following expressions are taken 
from NASA CR-165503, 1981, entitled “Analysis of 
High Load Dampers”; 
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normalized by dividing by the amount of unbalance to 
obtain a sensitivity factor. The unbalance sensitivity for , 
a single film damper is illustrated by the curve 30. This 
sensitivity for a rigid support is illustrated by the curve 

5 32, and the curve 34 shows the sensitivity for a dual film 

2 p ~ ~ 3 , 6  apRL3 K =  B =  
c 3 ( 1  - ,2)2 2 c 3 ( 1  - &3/2 

In these expressions, K is the damper stiffness coeffici- 
ent, B is the damping coefficent, C is the damper radial 
clearance, L is the damper length, R is the damper 

journal displacement relative to its bearing, and p is the 

A region for the sing1e damper is 
by shown at 36. Optimum fixed damping is 

radius, E is the damper excentricity ratio (e/C), e is the 

damper fluid viscosity. 10 squeeze-film supported rotor is very close to that calcu- 
It is apparent from these expressions that, for small lated for optimized constant stiffness and damping coef- 

eccentricities, stiffness increases approximately linearly ficients. This optimum does not change with unbalance. 
with eccentricity and damping is approximately con- From about 29 to 43 g cm (0.6 oz in), there are two 
stant. For eccentricity ratios greater than about one- stable solutions for the rotordynamic equations of mo- 
half, however, the (1-62) term in the denominator of tion. In this bistable region 36, the rotor can operate 
both expressions means that stiffness and damping now stably at either of two conditions, high or low am$- 
increase more rapidly as eccentricity increases. Theo- tude. It is possible to increase speed to the rigid-support 
retically, they increase without limit as E approaches 1. critical speed and operate at low amplitude. If, how- 
It is this nonlinear property which is responsible for the ever, the rotor is disturbed by an outside force, it may 
undesirable characteristics of squeeze film damped ro- 2o “jump up” to the high amplitude solution. 
tors at high unbalance loads. Above an unbalance of 43 g cm the high amplitude 

A multi-mass rotor which dynamically simulates a response is the only solution near the critical speed. 
small gas turbine engine is described in a publication Both amplitude and bearing load are very nearly as high 
entitled “Design of a Squeeze-Film Damper for a Multi- as for rigidly supported bearings. Amplitudes and loads 
Mass Flexible Rotor”, ASME Journa[ of Engineeringfor 25 approaching these predicted values would obviously 
Industly, VOl. 97, No. 4, November 197% Pages prove catastrophic to the machine involved. 
1383-1389, which was coauthored by the Applicant. Referring now to FIG. 4, there is shown a dual clear- 
Squeeze film damper supports designed for this rotor ance damper constructed in accordance with the pres- 
were sized to handle a distributed unbalance of up to 29 ent invention. A shaft 40 rotates about its longitudinal 

second critical speeds. For this level of unbalance the the spindle of a gas turbine engine of the type shown in 
vibration amplitude at the center disk of the rotor is U.S. pat. N ~ .  3,581,492. 

very well controlled, and is, in fact, nearly identical to which may be of the anti-friction type. A ball bearing what would be obtained with the optimum stiffness and 35 may be used which has an inner race 46 and an outer 
race 48. damping coefficients. 

unbalance is plotted as the bottom curve 20 in FIG. 2. tion on the shaft 40. The Outer race 48 engages a 
damper journal 52 flexibly attached to the housing 42 by Again, the results are very similar to those obtained 

with optimum constant damping and stiffness. The very 40 a suitable damper centering spring 54. Rotation of the low load near 10,000 rpm occurs because a nodal point journal 52 about the shaft 40 is prevented by the spring in the rotor mode shape is very near the bearings at that 
54. speed. 

the line 38. 
to an Of 29 g cm, the sensitivity Of the 

g cm (0.4 02 in> for operation between the first and 30 axis in a stationary housing 42. The shaft 40 may carry 

shown as the bottom Curve 10 in FIG. 1. Amplitude iS The shaft 40 extends through a suitable bearing 44 

The rotating load On the due to the 29 g cm The inner race 46 engages a suitably machined par- 

When the unbalance is increased to 72 g cm (1 oz in), According to the present invention, damping 
the behavior changes markedly as shown by curves 12 45 a ring member 56 is mounted in the housing 
and 22 in FIGS. 1 and 2, respectively. A large peak near 42 for ‘perable engagement with the bearing 44 
8000 rpm in both vibration amplitude and bearing load through the journal 52. This damping structure includes 
is evident from these figures. This speed is the first a low-clearance portion in the form of an annular ring 
critical speed of the rotor when the bearings are rigidly forming a sleeve 58 which encircles the bearing 44. The 
supported. The amplitude peak which was prominent 50 sleeve 58 is rigidly mounted between a pair of annular 
near 10,000 rpm for the 29 g cm unbalance shown in protrusions 60 and 62 which extend from the ring 56 
FIG. 1 is now almost completely masked. toward the shaft 40. 

If the unbalance is further increased to 290 g cm (4 oZ An important feature Of the invention is the utiliza- 
in), amplitudes shown by the curve 14 for a single film tion of a plurality of shear pins 64 to secure the sleeve 56 
damper and curve 16 for a rigid support in FIG. 1, as 5 5  to the protrusions 60 and 62. The pins 64 are designed to 
well as bearing loads shown by curve 24 for a single film shear under a predetermined force as explained below 
damper and curve 26 for a rigid support in FIG. 2 also in greater detail. 
increase further. However, the character of the re- A predetermined spacing between the inner surface 
sponse changes little from that at 72 g cm unbalance as on the sleeve 58 and the outer surface of the journal 52 
shown in curves 12 and 22. The damper is nearly bot- 60 is minimal. An inner damper film 66 is formed by a 
tomed and is almost completely ineffective in control- suitable fluid lubricant in this space to provide n low 
ling vibration. This is evidenced by the response curves clearance damper for operation under normal condi- 
being nearly coincident with those for rigidly supported tions. 
bearings shown as dashed curves 16 and 26 in FIGS. 1 A predetermined spacing between the inner surface 
and 2. 65 on the ring 56 between the protrusions 60 and 62 and 

The maximum vibration calculated over the speed the outer surface of the sleeve 58 is usually much 
range from 0 to 14,000 rpm is plotted in FIG. 3 as a greater than the spacing between the inner surface of 
function of the rotor unbalance. The response has been the sleeve 58 and the journal 52. An outer damper film 
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68 formed by a suitable fluid lubricant in this space a first annular ring member encircling said journal and 
provides a high clearance damper under abnormal con- spaced therefrom a first predetermined distance to 
ditions. provide a low clearance damper for operation under 

Under normal operation the low clearance bearing is normal conditions, 
fixed in position by the shear pins 64. The inner damper 5 a second annular ring member encircling said first ring 
film 66 provides the necessary damping. When loads member and spaced therefrom a second predeter- 
increase beyond the design value, the pins 64 shear. This mined distance greater than said first predetermined 
enables the sleeve 58 to move within the outer damper distance, said second annular ring member being rig- 
film 68. idly mounted relative to said housing, and 

The dual clearance damper shown in FIG. 4 main- 10 means for Selectively Securing said first annular ring 
tains close control of rotor radial location during nor- member to said Second annular ring member during 
mal operation when the rotor is well balanced, It also said normal conditions, said means being operable to 
maintains control of vibration amplitudes and bearing release said first annular ring member under a prede- 
loads during operation above the critical speed with termined force SO that said second predetermined 
high unbalance. This damper further provides for safe 15 distance provides a high clearance damper under 
deceleration through critical speeds with high unbal- 

films 66 and 68 operating in series. ~~~i~~ normal oper- 
ation, the sleeve 58 separating these two damper films is 
fixed in place by the shear pins 64 as explained above. 2o second 

claim 2 including identical to that of the single film damper. The clear- a plurality of spaced protrusions extending from said ance is only as high as is required for the rotor unbai- second annular ring toward said shaft, said first annu- ance likely to occur in normal operation; thus, the rotor 25 lar ring being positioned in the space between said radial location can be closely controlled. protrusions, and 

rence which increases the unbalance, the damper load sions through said first annular ring. rises until the strength of the shear pins 64 is exceeded. 4. Apparatus for damping radial motion as claimed in 
The pin 64 shears, enabling the sleeve 58 to move and 3o claim 
activate the outer damper film 68. The two films 66 and a first fluid lubricant in the spaces between said first 
68 then operate in series; that is, the bearing load,is annular ring and said journal for forming a first 
transmitted first through the inner film 66, then through squeeze film. 
the sleeve 58 and outer film 68 to the machine structure 5. Apparatus for damping radial motion as claimed in 
42. The outer film 68 will generally have a larger clear- 35 claim 4 wherein the first fluid lubricant is oil. 
ance than the inner film in order to accommodate the 6. Apparatus for damping radial motion as claimed in 
larger amplitude of motion necessarily accompanying claim 1 including 
the higher unbalance. The inner and outer dampers will a second fluid lubricant in the space between said first 
continue to operate together until the unbalance is cor- ring and said second annular ring for forming 
rected and new shear pins installed. 

oil  SUPPlY Passages are not Shown in FIG. 4. HOW- 7. Apparatus for damping radial motion as claimed in 
ever, oil is typically supplied through a feed hole in the claim 6 wherein the second fluid lubricant is oil. 
outer side of the outer film. The inner damper receives 8. In apparatus for damping radial motion resulting 
its oil from the outer damper via a feed hole in the from excitation loads on a rotating shaft extending 
sleeve 58. The outer damper shown is of the closed end 45 through a nonrouting journal and operably carried 
type. It was found that a shorter length for the damper thereby, the improvement comprising 
would Suffice for the closed end damper than for an a first annular ring member encircling said journal and 
open end damper. spaced therefrom a first predetermined distance to 

While a preferred structure of the invention has been provide a low clearance damper for operating under 
shown and described, it will be appreciated that various 50 normal conditions, 
structural modifications may be made to the disclosed at least one second annular ring member encircling said 
structure without departing from the spirit of the inven- first annular ring member and spaced therefrom a 
tion or the scope of the subjoined claims. BY way of second predetermined distance greater than said first 
example, it may be desirable to use an antirotation pin predetermined distance, and 
instead of the centering spring 54. Such a pin does not 55 means for securing said first annular member to said 
provide radial restraint. second annular ring member under normal conditions 

and releasing said first annular ring member under 
abnormal conditions. 
9. Apparatus for damping radial motion as claimed in 

60 claim 8 wherein said securing means comprises at least 
one shear pin secured to both said first and second annu- 
lar ring members. 

10. Apparatus for damping radial motion as claimed 
in claim 9 including 

6 5  a plurality of spaced protrusions extending from said 
second annular ring toward said shaft, said first annu- 
lar ring being positioned in the space between said 

conditions. 
ante. In operation, the damper relies on the two squeeze 2. Apparatus for damping motion as clah”led in 

claim 1 wherein said selective securing means comprises 
at least One shear pin secured to both said first and 

rings. 
Only the inner film 66 is active, and its behavior is then 3* Apparatus for damping motion as in 

In the event Of rotor loss Or Some Other occur- each of said shear pins extending between said protru- 

including 

40 a second squeeze film. 

1 claim: 
1. Apparatus for damping radial motion of external 

excitation on a shaft rotating about its longitudinal axis 
in a stationary housing comprising 
a non-rotating journal encircling said rotating shaft, 
bearing means within said journal extending around said 

shaft, said bearing means including 
a rotatable inner portion mounted on said shaft rota- 

tion therewith, and 
a non-rotatable outer portion rigidly secured to said 

journal and extending around said inner portion 
and spaced therefrom, protrusions, and 
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each of said shear pins extending between said protru- 
sions through said first annular ring. 
11. Apparatus for damping radial motion as claimed 

in claim 8 including 
a first fluid lubricant in the space between said first 5 

annular ring and said journal for forming a first 
squeeze film. 
12. Apparatus for damping radial motion as claimed 

13. Apparatus for damping radial motion as claimed 10 

a low clearance damping film means encircling said 
shaft for damping radial motion caused by unbalance 
forces below a predetermined magnitude, 

a high clearance damping film means encircling said 
low clearance damping film means for damping radial 
motions caused by high unbalance forces exceeding 
said predetermined magnitude, and 

means for maintaining said low clearance damping film 
means in a fixed position when said unbalance forces 
are below said predetermined magnitude, said means 
enabling said low clearance damping film means to 
move freely with said high clearance film bearing 
when said forces exceed said predetermined magni- 

16. A dual-clearance damper as claimed in claim 15 
including 
a plurality of shear pins for maintaining said low clear- 

in claim 11 wherein the first fluid lubricant is oil. 

in claim 8 including 
a second fluid lubricant in the space between said first 

annular ring and said second annular ring for forming 
a second squeeze film. tude. 
14. Apparatus for damping radial motion as claimed 15 

in claim 13 wherein the second fluid lubricant is oil. 
15. A dual-clearance hydrodynamic liquid squeeze 

film damper for damping radial motion of a shaft rotat- ance damping film means in a fixed position. 
ing about its longitudinal axis comprising, * * * * *  
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