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(57) ABmRACT 

A self-tumng impact damper is msclosed that absorbs and 
dissipates vibration energy in the blades of rotors in ann- 
pressors and/or turbines thereby dramatically extending 
their service life and operational readiness. The self-tuning 
impact damper uses the rotor speed to tune the resonant 
frequency of a rattling mass to an engine order excitation 
frequency. The d i n g  mass dissipates energy through col- 
lisions between the rattling mass and the walls of a cavity of 
the self-tuning impact damper, as well as though friction 
between the rattling mass and the base of the cavity. In one 
embodiment, the self-tuning impact damper has a ball-in- 
trough configuration with tire ball serving as the rattling 
mass. 

2 Claims, 12 Drawing Sheets 
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SELF-TUNING IMPACT DAMPER FOR 
ROTATING BLADES 

ORIGIN OF THE INVENTION 

blade). Thcrc will bc a numbcr of stator vancs past which the 
rotor bladc will travel during one rotor rcvolution, causing 
thc frequency of acrodynamic excitation to be equal to the 
number of stator vancs multiplied by the rotor spccd. This is 

5 called cnginc ordcr excitation. Since thcrc arc gcncrally 
scvcral rows of stator vancS and blades of varying The invcntion dcscribcd herein was madc in thc pcrfor- 

mance Of work a NASA contract and subjcctcd Ihc numbers, there arc typically many 

Act Of 19583 Public Law 85-568(72Stat. 435;42 u's'c' 
2457). 

provisions Of S3O5 Of thc and 'pact frcqucncies that a rotor blade will expcficncc. Each of thcsc 
physical sources of vibratory excitation will cause adiITcrcnt 

I O  so-called spced linc, which is an intcgcr multiple of engine 
rotor speed. 

AS first described by W. Campbcll in a pioneering 1924 
Thcprcscnt invention rclates to bladcs form turbomachin- work describing the  problems of vibration in 

cry and, morc particularly, to an improvcd mcchanism for turbomachincry, this can bc dcscribcd in a Campbell 
dampcning vibrations cxpcricnccd by thc blades or disks of 15 diagram, where speed lines are plotted on a graph as 
turbomachincry so as to extcnd their operational livcs and functions of the rotor speed. Also plotted on the Campbell 
improve machine pcrformancc. diagram arc the various frequencies at which resonant 

vibration will occur for each mode of the rotor bladc in 
question. Wherever a speed line, corresponding to a regu- 

20 larly occumng vibratory excitation in a turbomachine, 
C~OSSCS a resonant blade frequency line, resonant bladc 
vibration is possiblc. This speed line can cross several bladc 
resonant frequencies as thc turbomachinc speeds up. This 
means that the excitation frequency on blades will coincide 

as rotor Vecd 
Adding one or more dampening devices to a rotor blade 

will decrease the vibrations and lessen the damage to the 
blade. In addition, it may allow the turbomachine to be run 

FIELD OF THE INVENTION 

BACKGROUND OF THE INVENTION 

Turbomachincry is used in many applications to 
work on or extract work from both gaseous and liquid fluids, 
~~~~l~~ of such include gas turbines, axial and 
centrifugal fans, marinc and aviation propellers, fan blades, 
helicopter blades, tail rotors, wind turbines, turbo pumps, 

may contain one or morc broad class of rotating and fixed 
appendages including blades, vancs, foils, and impellers 
depending on the need of a particular machine. 

Turbines and compressor sections within an flow 

and and hydraulic power n i S  25 with SUCCeSSiVely higher feSOIIant fnXp3KkS Of the blades 

turbine engine, as well as other turbomachinery, generally 30 at a higher speed, improving the efficiency of the lnachine. 
include a rotator assembly comprising a rotating disk and a Dampening devices may also be added to the rotor disk, 

the disk. During operation, turbine engine rotator assemblies The dampers can then reduce vibrations in the rotor disk 
plurality of 

rotate at a variety of speeds through fluid that varies in 35 
temperature, pressure, and density. As a result, the blades 
may be excited in a number of different modes of vibration. 
Lower order modes manifest themselves in bending modes 
and torsion modes, whereas higher order modes have more 
complex bladc deformations. 

as mOrC fully described in u,s. Pat. No. 5,924,845 (,845) 
which is herein incorporated by reference. As described in 
the '845 patent, potentially destructive resonant vibration 
can occur when the frequency of an alternating excitation 45 
force imposed on a blade is near a natural, or resonant, 

blades circumferentially disposed around which may have vibration modes coupled to the rotor blades. 

the 
Rotor blades that are used in axial flow turbines and 

compressors can be excited LO Severe levels Of vibration 
when subjected to time-dependent forces as described 
above. The Severe vibrations Can damage the material in 
rotor blades. Devices that absorb and dissipate vibration 

turbines, such as the centrifugal pendulum absorber dis- 
closed in the '845 patent, are known and more of which are 
disclosed in U.S. Pat. Nos. 4,182,599; 4,360,088; 4,441,859; 
4,484,859; 4,650,167; 5,052,890; 5,232,344; 5,346,362; 

The rotating blades subjected to resonating conditions 40 energy in Of in compressors 

5,369,882; 5,498,137; 5,749,705; and 5 ,82038  all of which 
frequency ofthe blade, At these resonant frequencies a blade 
will experience peak vibrations, A typical blade will have 

are herein by reference. It is desired that further 
improvements for a vibration dampening mechanism for 

more than one resonant frequency, representing the various 
modes, or ways, in which the bladc can vibrate. For 50 OBJECTS OF THE INVENTION 
example, a jet engine blade may bc viewed as a simple 

on the blade at a resonant frequency corresponding to the for a dampening mechanism that absorbs and dissipates 
first mode, it will simply bend back and forth one wave vibration energy in the blades or disks of compressors andor 
along its length. If the excitation frequency is at the second 55 turbines so to extend the service life 
mode resonant frequency, the blade will bend with two It is another object of the present invention to provide for 
waves along its length, and so forth. Modem jet  engine a dampening m ~ h a n i s m  that uses the technique of self- 
blades are more like plates than beams, so that the blades tuned impact dampening. 
have more complicated vibration modes, including, in addi- It is another object of the present invention to provide for 
tion to conventional bending modes, torsion modes and 6~ a self-tuned impact dampening mechanism that is adjustable 
chordwise bending modes. All of these vibration modes to dampen engine-order resonant vibrations along a speed 
combine to determine the actual resonant frequencies for a line. 
turbomachine blade. It is a further object of the present invention to provide for 

Excitation forces in turbomachines arise from timc depen- a self-tuning dampening mechanism that utilizes a ball-in- 
dent fluid flows. For example, one usual source of an 65 spherical trough configuration. 
excitation force is the aerodynamic force imposed on a rotor It is a still further object of the present invention to 
blade each time it rotates past a stator vane (a stationary provide for a self-tuning dampening mechanism that can be 

be provided 

cantilever beam. If an alternating excitation force is imposed It is the primary Object Of present invention to provide 

d 
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located internal or extcmal to the blade for which it provides 
the dampening features so as to extend its operational life. 

SUMMARY OF THE INVENTION 
This invention is directed to a self-tuning dampening 

mechanism for a rotating appendage for a turbomachine 
which absorbs and dissipates the vibration energy in the 

The vibration damper device comprises a member 
coupled to a rotor having a frequency of vibration with the 
member being subjected to fluid-flow forces when the rotor 
is rotated. The member has one or more cavities with walls 
which confine a rattling mass in each cavity having param- 
eters that are selected in accordance with the anticipated 
frequency of aerodynamic excitation associated with a speed 
line on the appropriate Campbell diagram. 

In one embodiment, the vibration damper device has a 
trough configuration having a spherical bottom and a rattling 
mass, such as a bail, having a resonant frequency hat 
corresponds to the anticipated frequency of aerodynamic 
excitation. 

BRLEF DESCRlPTION OF THE DRAWINGS 
For a better understanding of the M~ME and objects of the 

present invention, reference should be made to the following 
a-.-:I-J a.."L-*:-- *-I.-- :- ,...-: .._- G,... ..:*a. *I... ",.,.,.- 
U G ~ 1 C . u  u G m . * ' p " k .  -LA, 111 LuL*JULLc"". i  W 1 U  YIC. -'I.- 

panied drawings, in which like pans are given like reference 
numbers, and wherein: 

FIG. 1 is a schematic drawing of a turbine wheel with 
blades and a shaft; 

FIG. 2 is composed of FIGS. 2(A), 2(B), and 2(C), 
wherein FIGS. %A), and 2@) schematically illustrate prior 
art dampening mechanisms, and FIG. 2(C) schematically 
illustrates the self-tuning impact damper mechanism of the 
present invention; 

FIG. 3 illustrates a Campbell diagram showing speed 
lines and resonant frequencies plotted against rotor speed; 

FIG. 4 illustrates a two (2) degree-of-freedom system; 
FIG. 5 illustrates various curves associated with tuned 

mass amplification factor calculations; 
FIG. 6 is composed of FIGS. 6(A) and 6(B) that respec- 

tively illustrate the amplification factor calculation curves 
and damping factor calculation curves associated with the 
self-tuning impact damper of the present invention; 

FIG. 7 illustrates response curves associated with the 
tuned mass damper effectiveness; 

FIG. 8 illustrates response curves associated with the 
self-tuning impact damper effectiveness of the present 
invention; 

FIG. 9 is composed of FIGS. 9(A) and 9(B) that illustrate 
various views of the ball-in-spherical trough configuration 
of the present invention; 

FIG. 10 illustrates the test plates used during the perfor- 
mance of testing related to the present invention; 

FIG. 11 illustrates the experimental results obtained from 
the self-tuning impact damper mechanism of the present 
invention; and 

FIG. 12 illustrates further experimental results obtained 
from the self-tuning impact damper mechanism of the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring to the drawings, wherein FIG. 1 illustrates a 
turbomachine 10 having a rotor hub 12 that is driven by a 

"....n-An-n n,. " C  1,. -"*-..A ;*r nnnm,;nno1 1;fP Yyy".'-" Y" Y ... "II.I..Y .Y .,y---.-.,.- ----. 

4 
shaft 14 at a known speed. The rotor hub 12 has blades 16 
that are circumferentially distributed about the rotor hub 12 
for robtion therewith. A fluid such as air or water is moving, 
relative to thc turbomachine 10, such as along axis 18, in 

5 either direction parallel to the shaft 14. Altcmatively, the 
fluid flow can be in any desired direction or can be non- 
laminar or highly turbulent. 

houses a self-tuned impact damper mechanism 20 of the 
10 present invention that absorbs and dissipates vibration 

energy in the blades 16 of the rotor or in the hub 12 of the 
turbomachine. This absorption and dissipation dramatically 
extend the service life of the blade 16, or if desired, that of 
the hub 12. 

In general, the self-tuning impact damper 20 of the 
present invention uses the rotor speed to tune the resonant 
frequency of a rattling mass, to be described, to the fre- 
quency of vibration excitation in a rotor, thereby, enabling 
the rattling mass to absorb kinetic energy from the blade 16, 

2o or if desired, from the hub 12. The rattling mass then 
dissipates the absorbed energy through collisions between 
the rattling mass and the walls of the cavity and through 
friction between the ranling mass and the trough of the 
self-tuning impact damper 20 within the blade that encloses 

25 the rattling mass. The self-tuning impact damper may be 
! o d  i=:,Td =; cxt-y& t= L\e $6 =8 thp h& 12. 
The benefits of the self-tuning impact mechanism 20 of the 
present invention may be better appreciated . by first ~~SCUSS- 

ing prior art damping mechanisms shown in FIG. 2 which is 
composed of FIGS. %A), 2@), and 2(C). 

FIG. 2(A) illustrates a prior art impact damper 22 com- 
prised of a rattling mass, such as a ball 22A, and a flat 
bottomed cavity 22B. FIG. 2(A), as well as FIGS. 2(B) and 
2(C), illustrates that blade 16 is oriented such that an 
acceleration field 24@) forces or moves the impact damper 
downward. The impact damper 22 functions by dissipating 
energy each time its ball 22A strikes the walls of a cavity 
22B located within the blade 16. It has been determined that 

4o in a high-g field, misalignment or friction can immobilize 
the impact damper 22 of FIG. 2(A) rendering it inoperable 
to d a m p  vibrations being experienced by blade 16. 

FIG. 2(B) illustrates a tuned mass damper 26 comprised 
of a energy absorbing mass 26A and a frequency governing 

45 mechanism 26B in the form of a spring and a damping 
mechanism 26C in the form of a shock absorber. The tuned 
mass damper 26 functions by absorbing kinetic energy from 
the vibrating blade 16 into the tuned mass 26A which, in 
mm, sheds lh is  kinetic energy thmugh the damping mecha- 

50 nism 26C. In operation, when the tuned mass damper 26 is 
driven at resonance because of the vibrations to which the 
blade 16 is subjected, the tuned mass damper 26 produces 
maximum mass 26A excursions within a cavity 26D, mak- 
ing the tuned mass damper 26 act as an impact damper 

55 because the energy absorbing mass 26A impacts the walls of 
the cavity 26D in the blade 16. Once this resonance condi- 
tion occurs, the tuned mass damper 26 is no longer opti- 
mized with respect to its design parameters thereby signifi- 
cantly reducing its efficiency. In addition, this tuned mass 

60 damper 26 has only one fixed resonant frequency that cannot 
change with the rotor speed and the anticipated frequency of 
aerodynamic excitation of vibration. 

FIG. 2(C) illustrates the self-tuning impact damper 20 of 
the present invention. The self-tuning impact dampex 20 

65 does not have the drawbacks of the prior art damping 
mechanisms of FIGS. 2(A) and 2@). The self-tuning impact 
damper 20 has a cavity 28 with a trough configuration (as 

%b 2; y y  -f ".= '.!b.lp-, $6, z.2 ii .'p$ihp- thg +h 17 
--7 

l5 

35 

i 
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shown in FIG. 1) having a spherical bottom 30. The cavity of the present invention, a self-tuning impact damper 20 was 
28 also has a gap 28A. The walls of the cavity 26 confine a studied analytically for a simple two (2) degree-of-freedom 
rattling mass 32 which may be a ball. As will be further system 46 shown in FIG. 4. 
described, the ball 32 and the spherical bottom 30 have FlG. 4 illustrates the system 46 associated with a stable 
parameters that are selected in accordance with the anliCi- 5 base 48 that is operatively interrelated to a primary mass 50 
pated frequency of aerodynamic excitation of the blade 16 and a tuned mass 52. The primary mass 50 has a natural 
and the speed of rotation of the rotor 14. The self-tuning frequency w,, and a damping coefficient 6 ,  in the absence of 
impact darnper 20 for several embodiments has dimensions the tuned mass. The tuned mass 52 has a natural frequency 
which are given in Table 1 related to engine order and w2 and a dampening coeficient 5,  when the primary 
crossing speed and that may be further described with I O  remains stationary. For the purpose of this invention, the 
reference to FIG. 3. primary mass 50 may be considered to be the blade 16, 

whereas the tuned mass 52 may be considered to be the 
self-tuning impact damper 20. 

Trough Impactor Cross- The natural frequency of the tuned mass w, is that of a 
Damper gine (32) (30) Cavity ing Resonance 15 ball rolling without slip in a spherical trough in the cavity 
Distance Order Radius Radius (28A) Gap Speed Frequency while under a centrifugal acceleration load g (FIG. 4). The 

acceleration g is provided by the rotation of the blade, and 10.203 in 3 0.0625 in 1.031 in 0.125 in 900rpm 45.0 Hz 
10,203 in 4 0.0625 in 0.607 in 0.125 in 655 rpm 42.7 H .  is equal to RowR’, where R, is the distance radially from the 
10.203 in 5 0.0625 0.411 in 0.125 in 510 rpm 42.5 Hz axis of rotation to the damper. The parameter w, is the 

20 rotational speed in radians per second. The frequency w, is 

TABLE 1 

Hub- En- Ball 

defined such that FIG. 3 illustrates a Campbell diagram, previously dis- 
cussed in the “Background” section, showing speed line 34,, 
34,, 34,, 34,, 34,, . . . 34,,, wherein the subscript thereof 
indicates an engine order which represents a frequency that 25 
is an integer multiple of the rotor speed. Engine order is the 
relationship between engine rotor speed (expressed in revo- 
lutions per minute, or rpm) and the frequency of aerody- where R is the radius of the spherical trough, and r is the 
namic excitation ofrotating blade 16 vibration (expressed in If the damper is designed such that its 
cycles per second called Hertz, or Hz), Engines have mul. (engine Order) Of the 
tiple order line excitations that are based on the pattern of 30 rotor ’peed wR, lhen the damper parameters must Obey the 

radius Of the 
frequency wZ is an integer 

internal stationary vanes called stators. equation 

FIG. 3 further illustrates two plots 36 and 38 which 

Whenever a speed line, e.g., 34, crosses (indicated by 35 
represent two resonant frequencies of the rotating blades 16. N = d x  

7 ( R  - r )  
location 40) a resonant frequency line, e.g., 36, the fre- 

~~ 

quency of aerodynamic excitation matches the resonant 
frequency of the rotating blade leading to resonant blade The equations Of motion governing the system Of are 
vibration. 

seen that crossover points 40, 42, 44, of FIG. 3 are respec- 
tively associated with speed lines 343,344, and 345 (engine 
orders 3, 4 and 5 respectively) and respectively have cross- 
ing speeds 900 rpm, 655 rpm and 510 rpm as tabulated in 

With further reference to Table 1, the radii of the ball 32 
and the spherical trough 30, as well as the acceleration field 
24, tune the self-tuner impact damper’s resonant frequency where x1 is the absolute position of the primary mass, x, is 
to the frequency of excitation encountered on the speed line. the position of the tuned mass relative to the primary mass, 
The ball’s 32 resonant frequency is an integer multiple 50 p is the ratio of the primary mass to the tuned mass, m, is 
(engine order) of the speed of the rotor 14. For example, the primary mass, ard F(t) is the force applied to the primary 
with regard to FIG. 3, if the engine order is 3 then the mass. These equations are valid for relatively small x1 
parameters of the ball 32 and spherical trough 30 are displacements. 
selected so that the ball 32 resonates at three times the rotor When the tuned mass strikes the walls of the cavity in the 
speed. When the speed line 34, corresponding to engine 55 primary mass, the velocities of both masses are assumed to 
order 3 crosses the blade resonance frequency at 900 rpm at 
crossover point 40, then the ball 32 resonates at 2,700 rpn, 
or 45 Hz. 

- 2 / 4 2  w2 [::1+1-21 z(l+p)Lw?l(::l+ 
With simultaneous reference to FIG. 3 and Table 1, it is 40 

F ( 0  [ w: -/4 I(;;)=[ %)} 
-w: (1 +/1)w$ _ _  

mi Table 1. 45 

change according to the equation 

20 The having natural the typical frequency parameters of the self-tuning given in Table impact 1 ,  is damper a linear 60 (‘).I; P 7 ] [  1 
4 *z function 0, the rotor speed, and can be selected to follow any 

desired engine order line. The linear function of rotor speed 
is more fully discussed in the previously incorporated by 
reference U.S. Pat. No. 5,924,845. The natural frequency of where E is the coefficient of restitution between the primary 
the self-tuning impact damper follows the selected engine 65 mass and the tuned mass, and the superscripts - and + refer 
order line, damping blade resonant crossings in multiple to the velocities immediately before and after impact, 
modes in a manner as described for FIG. 3. In the practice respectively. 
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With rcfercnce to FIG. 4, the frcqucncy ratio S2, (the ratio show thcorctical results for thc damping diffcrenccs A6 for 
of thc tuned mass frcqucncy y to the main mass ~ t ~ ~ r a l  thc simplc tuned damper (FIG. 2(B)) and or thc self-tuning 
frequency 0 , )  and thc tuned mass damping c2 were varied impact d a m p  (FIG. 2(C)). FIGS. 7 and 8, in thc manner as 
to study thc effect of damping coefficient and the ampli- discussed with regard to FIG. 4, are the results realized by 
fication factor Q of the entire damper system 46. In such a 5 the utiliaion of primary mass damping 5,4.002 and a 
Pursuit, the main mass damping 51 Was set at 0.002 so as 10 mass ratio p==O.003. FIGS. 7 and 8 represent plots of 
agree with previous experimental that is  more fully equivalent damping differences A< vs frequency ratio Q. 
diwlwed fin the technical anicle ofmffv. K. P.. Brown. G. yZre nlrt;nlilriv F;7c 7 +StraiPc a family NI nf C I I T V ~ S  

v., and Mchmed, 0. 1998 entitled "Impact Damping of 6 % ~ .  SB, and 6 8 ~  respectively r e s u l ~  from the 
Rotating Canlilever Plates", published in the 3" National ,o utilization of tuned -s damping c,=o.ol; o.02; and o.03. 
Turbine Engine High Fatigue (Hm) Of Similarly, FIG. 8 illuslrates a family 70 of curves 70A, 70B, 
2-5 February lw8' and herein i ~ c ~ m ~ ~ ! , ! ! y , , " f " " ;  70C and 70D that respectively resulted from the utilization 

of tuned mass damping c2=OOO; 001; 0.02; and 0.03. mass) was set for 0.003 
F~~ the simple tuned damper 26 of FIG. 2(4 with no From a comparison between FIG. 7 and FIG. 8, it can be 

impacts, the cquations of the motions were solved, in a seen at above the frCquencY 
manner known in the art, in a closed form to obtain a damper26 of FIG. 2(c) and the self-tuned impact damper 20 
p r i m w  mass djsplafement amplitude as a function of the of FIG. 2(C) perform similarly. HOWCV~X, when the tuned 
ratio 0, of excitation frequency to primary mass frequency mass resonant frequency is less than the primary mass 
0,. FlG. 5 is a plot of amplification factor Q vs forcing resonant frequency, or R<1, there is significantly more 
frequency ratio R, and illustrates two curves 60 and 62, 20 damping (FIG. 8) in the self-tuned impact damper 20 of FIG. 
wherein curve 60 has a peak obtained without a tuned 2(C) than that (FIG. 7) in the tuned impact damper 26 of 
damper 26 having an amplification factor Q of 250. The FIG. 2(B). 
amplification factor is defined as the peak steady state In the further practice of the present invention, three 
response divided by thc static response. For a linear system, different self-tuning impact dampers 20 were tested and each 
Q is merely 1/25. The curve 62 is obtained by the use of 25 of the self-tuning impact dampers had one of the geometries 
t.;m& h q e r  21; d has two peaks, 6 q A )  and 62@jI of the ball-in-suherical-tugh dampers ofTable 1 and which 
wherein peak 624Bj has the highest response peak which may be funher described with rcfcrence to FIG. 9 composed 
was used to calculate the amplification factor Q. Peak 62B of FIGS. 9(A) and qB). 
represents a tuned mass damping c2=0.O1 and an amplifi- FIGS. %A) and 9(B) illusttate a configuration 72 in which 
cation factor 4.50. The amplification factor Q of peak 62B M the self-tuned impact damper 20 is lodged within a capsule 
was then converted to a damping coefficient 5 by assuming 82 placed in a boss 80 at the tip of a plate 76 that represents 
that the damping coefficient 5=1/(2 Q), wherein damping a blade 16. This plate 36 is fixed to a hub 12 attached to a 
coefficient 5 represents that of the system 46 of FIG. 3. rotor 14. The plate tip vibrates such that the damper ball 30 
Finally the damping difference AL\5 is found from the damp moves in a direction indicated by directional arrows 90. 
ing difference AG=damping coefficient 5-e primary mass 35 FIG. 9(A) shows a top view of the plate 76 and the damper 
damping G I .  The damping difference AC is a total amount of 72 illustrating the spherical trough 32 and the direction of 
the additional damping provided by the self-tuned impact centrifugal acceleration (g) 24. The damper capsule 82 
damper 20 of the present invention. For the quantities giver: screws into the end of the plate 76. FIG. 9(B) shows the (e= 1124.1 4 2 )  (50)=0.01)--(5,=0.002)A5=0.006. same damper 72 in a side view, with the arrows 90 indiicating 

The self-tuned impact damper 20 of FIG. 2(C) was then 40 the direction in which the ball rolls and impacts the cavity 
analyzed using a Fortran computer program to simulate the 28 walls. 
primary mass 50 of FIG. 4 being released from rest and The dampers of FIG. 9 were selected to follow the engine 
which may be further described with reference to FIG. 6 order lines of N=3,4 and 5 shown in FIG. 3 and correlated 
composed of FIG. 6(A) showing a curve 64 representative of to the geometry of Table 1. The plates 76 shown in FIG. 9(A) 
a plot of Displacement Amplitude A vs time (sec), and FIG. 45 may be further described with reference to FIG. 10. 
6(B) showing a curve 66 representative of a plot of Damping FIG. 10 shows a set W of aluminum plates %A and %B 
Coefficient 5 vs Displacement Amplitude A. The displace- that are identical to each other. Each of the plates %A d 
ment amplitude A is nondimensional and represents the ratio %B has a self-impact damper 20 in a capsule (not shown) 
of primary mass displacement amplitude (such as black l6 j  form p i d  in iocaiion 98. Each of the pl-s %A and %B 
tothegap28Aofself-tlmnedimpactdamperU)ofFIG.2(C). 50 is anached to the hub 12 by a clamp with bolts at the 
The curve 64 has a portion 64A that represents an exponen- anachment holes 100. Each of plates %A ard %B has a full 
tial decay curve of the simulated delay envelope for a given strain gage bridge formed by two gages 101 on each side of 
value of A=&*", where C-initial primary mass displace- each of the plates %A and %3, and also has accelerometers 
ment. The exponential decay portion 64A was used to 103 placed on each side. The wires from this instrumentation 
develop the curve 66 of FIG. 6(E) 55 102 are COMIXM to the rotor wiring through COMIX~O~S 

The curve 66 has a portion 66A representative of the 104. 
damping coefficient e,, and a portion 665, which repre- Each of the plates %A and %B had a width of 3 inches, 
sents the displacement A,, at maximum dampening. In a and a thickness of 0.063 inches, and a length of 6 arches. 
manner as previously described, the value of the primary There was a 0.75 inch wide by 0.75 inch long by 0.50 inch 
mass damping 5, is subtracted from the damping coefficient 60 thick boss 105 at the end of each plate that was threaded to 
5 curve 66 of FIG. 6(B) to obtain the damping difference AC. hold the tuned impact damper capsule at location 98. The 
With regard to the values of AC, any value of the damping plates were rigidly clamped at their bases by means of bolt 
difference Ad greater than zero indicates that the damping holes 100 to the rotor of test facility, i.e., the Dynamic Spin 
technique of the self-tuning impact damper 20 is function- Facility at the John Glenn Research Center of NASA. The 
ing. 65 test facility provided simulation for the testing performed in 

The benefits of the present invention m a y  be. further the practice of this invention, but is not considered part of 
described with reference to FIGS. 7 and 8 that respectively the present invention 
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The rotor of thc test facility was placcd in a vacuum tank, 
and spun at spccds of up to 3000 rpm rcprcscntativc or up 
to 3,100 g's. At a givcn rpm, a magnetic bcaring provided a 
sinusoidal cxcitation to thc shaft at the platc first bcnding 
frequency. The cxcitation was suddcnly removed and the 
platc vibration was allowed to decay. This frcc decay was 
rcpcatcd up to five runs at each rpm and the rcsults of such 
testing may be furthcr described with rcfcrcncc to FIG. 11. 

FIG. 11 illustrates a family 120 of damping curves 120A, 
120B, and 12OC that rcspcctivcly represent cnginc order 
lines of N to 3,4, and 5 having crossing spccds of 900 fpm, 
655 rpm, and 510 rpm rcspcctively. The curves 120A, 120B 
and 120C were derived in a manner as described with 
reference to FIG. 6 and each of the curves 120A, 12OS, and 
12OC reprcscnts a fine achievable value of the dampcning 
diffcrencc ACm, for each self-tuning impact damper con- 
figuration of Table 1. 

FIG. 11 shows an optimum peak dampening difference 
AC,, as a function of rotor speed for each of the thrce 
self-tuning impact dampers of Table 1. The curves 120A, 
120B, and 12OC closely resemble thc thcorctical curves of 
FIG. 8 previously described. FIG. 12 shows the data of FIG. 
11 plottcd as curves 122 of peak damping difference as a 
function of ratio C2 of tuned mass resonance frequency to 
primary mass resonance frequency. Again, the curves 122A, 
122B, and 122C closely resemble the theoretical curves of 
FIG. s. 

Accordingly, as predicted by the theoretical simulations, 
the self-tuned impact damper of the present invention 
worked best at or below the blade resonant frequency. For 
example, with reference to FIG. 11, it can be seen that for 
rotor speeds lower than the crossing frequency the, damper 
is still functioning. FIG. 11 also shows results 120D from 
some plates having a simple non-tuned impact damper of 
FIG. 2(a) previously referred to, in the technical article of 
Duffy et al. More particularly, with reference to FIG. 11, it 
is seen that the self-tuning impact damper provides signifi- 
cantly more damping than the simple impact damper. The 
self-tuning impact damper also functions at higher rotor 
speeds, and thus higher acceleration levels g, than the simple 
impact damper. A further review of FIG. 11 reveals that the 
self-tuning impact dampers of the present invention have 
significantly higher values of the damping difference AC 
near their crossing speeds than those of a simple non-tuned 
impact dampers of FIG. 2(B). 

It should now be appreciated that the self-tuned impact 
dampers 20 of the present invention merely desire that the 
tuned mass frequcncy 107 be less than that of the blade 16 
resonant frequency w,. This is a major improvement over 
the prior art tuned mass dampcr 26 that substantially 
requires that the tuned mass and blade resonance frequencies 
be substantially identical. 

It should also be further appreciated that for a given blade 
16 configuration with known resonant frequencies and 
expected values of blade displacement during resonance, the 
self-tuned impact damper 20 of the present invention may be 
used to absorb and dissipate the associated vibrations thereof 
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10 
and incrcasc the life expcctancy of the blade 16. Similarly, 
the self-tuning impact dampcr 20 may be used to extend thc 
opcrational life of the hub 12. In addition, scveral resonant 
pcaks associated with the blade 16 or hub 12, could bc 
dampcncd for specific cnginc ordcr by using a singlc sclf- 
tuning impact damper 20. 

It is to bc understood that the invention is not limited to 
the specific embodimcnts herein illustrated and described, 
but may be otherwise without departing from the sphere and 
scope of the invention. 

What we claim is: 
1. A method for dynamically absorbing rcsonant vibration 

of a rotating component of a turbomachine having an axis of 
rotation and rotating over a range of turbomachine rotation 
rates, said method comprising thc steps of: 

a) providing a cavity with walls and having a spherical 
trough sufficiently shaped to allow radial movement 
within the rotating component; 

b) providing a ball in said cavity so that it rests in said 
sphcrical trough and the separation between the resting 
ball and the walls of said cavity establishcs a gap 
thcrebetwcen; 

c) preselecting the radius of the ball, the radius of the 
spherical trough, and the location of the ball within the 
cavity relative to the axis of rotation such that the 
natural frequency of the rolling ball when inside the 
cavity of the rotating component tracks a preselected 
speed line of said turbomachine; and 

d) preselecting the gap within the cavity in which the ball 
rolls such that the ball impacts the cavity walls during 
resonance vibration of the rotating component. 

2. The device for dynamically absorbing resonant vibra- 
tion of a rotating component of a turbomachine having an 
axis of rotation and rotating over a range of turbomachine 
rotation rates, said device comprising: 

a) a cavity with walls and having a spherical trough with 
a predetermined radius wherein said spherical trough is 
sufficiently shaped to allow radial movement; 

b) a ball having a predetermined radius and placed within 
said cavity so that it rests in said spherical trough at a 
predetermined location within said cavity relative to 
said axis of rotation and the separation between the 
resting ball and the walls of said cavity establishes a 
predetermined gap therebetween; 

c) wherein said predetermined radii of said ball and said 
predetermined location of the ball relative to the axis of 
rotation are selectable such that the natural frequency 
of the rolling ball, when inside the cavity of the rotating 
component, tracks a preselected speed line of the 
turbomachine, and 

d) whcrein said predetermined gap within the cavity in 
which the bail rolls is selectable such that the ball 
impacts the cavity walls during resonant vibration of 
the rotating component. 

* * * * *  


