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The present invention is concerned with the provision of improved vibration dampeners, and has particular ap 
plicability to turbine buckets, nozzle vanes and other 
fluid directing vanes employed in turbo-jet engines. 
A series of turbine buckets mounted on a turbine wheel in a turbo-jet engine are, subjected, during operation, to 

Very severe conditions of stress and oxidative corrosion. 
Of necessity, the buckets must have a vane or fluid di 
recting portion which is rather thin in order to achieve 
the proper aerodynamic characteristics. The problem of 
stress resistance becomes particularly acute in the case of 
turbine buckets designed so as to provide a hollow cavity 
centrally of the vane portion. 

Closely allied to the problem of adequate stress resist 
ance is the problem of vibration. While problems of vi 
bration are present in substantially all types of turbine 
buckets, it appears that the problem is particularly trou 
blesome in the case of the hollow buckets. Continued 
Subjection of the bucket to the conditions of vibration ex 
isting in the turbine engines is very likely to produce a 
failure due not so much to the prolonged stresses in ten 
sion or in compression but rather to continued flexing. 
Apparently, this repeated flexing of the metal walls of the 
fluid directing member causes a failure by fatigue of the 
metal. This failure frequently manifests itself as a series 
'of cracks or fissures along the airfoil surfaces of the vane 
as well as splits along the leading and trailing edges of 
the vane long before the vane would normally be subject 
to buckling or bending due to prolonged presence in the 
hot corrosive atmosphere of the engine. These cracks 
and splits are particularly troublesome because in many 
cases, turbine buckets are fabricated from a base metal 
which has good hot strength properties but poor resistance 
to oxidative corrosion, so that a thin, firmly bonded coat 
ing of metal, metalloids, ceramics or combinations of 
these materials are applied to the base metal to provide 
adequate resistance to the corrosive atmosphere. Once 
the outer coating has been cracked, however, by the ef 
fects of this vibration, the body metal is left open to 
severe attack by the high temperature oxidizing gases 
present in the gas stream passing the turbine bucket. . 

In order to increase the strength of hollow fluid direct 
ing members of the type described, some turbine bucket 
designs have made use of ribs or a grid-like reinforcing 
network within the hollow interior of the vane. While 
this expedient frequently serves to reinforce the vane 
against premature buckling due to the normal stresses en 
countered in the operation of the turbine engine, the pro 
vision of such ribs or networks has not always been 
effective to eliminate or even decrease the vibrational ef 
fects. Indeed, in some designs of reinforcing ribs and 
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or. Substantially decrease the harmful effects on the vane 
due to the previously discussed vibrational problem. The 
provision of such means is the principal object of the 
present invention. . . . . . . . . . . . ...: Another object of the present invention is to provide 
an improved hollow fluid-directing member, with self 
aligning. reinforcing means which not only acts to 
strengthen the member against buckling tendencies, but 
also provides an effective vibration dampening to the 
member. i:. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3 
A still further object of the invention is to provide an 

improved turbine bucket having a hollow vane, section 
With automatically positionable reinforcing means and 
vibration dampening means. . . . . . . . . . . 

Other and further objects of this invention will be 
apparent to those skilled in the art from the following 
detailed description of the annexed sheet of drawings 
which, by way of preferred embodiment, illustrate two 
examples of the present invention. - 

In the drawings: . . . . . . . . . . . . . . . . . . . . . 
Figure 1 is a schematic view, with parts in elevation, 

illustrating the manner in which a series of turbine buckets 
are normally secured to the turbine wheel; . . . . . . . 

Figure 2 is a plan view, on an enlarged scale, of a 
single turbine bucket locked in position on the periphery 
of the wheel; ... . . . . . . . . . . . Figure 3 is a cross-sectional view taken substantially 
along the line III-III of Figure 2; . . . . . Figure 4 is a cross-sectional view taken substantially 
along the line IV-IV of Figure 2; is 

Figure 5 is a cross-sectional view of a turbine bucket 
employing a somewhat modified form of the invention; 
and 

(Figure 2) and an airfoil section. 14. The latter.co 
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grid networks, the vibration problem appears to be 
greater than it is without the reinforcing means present. 
As a result, the need still remains for a practical, rela 

tively inexpensive means for strengthening hollow fluid 
directing members to provide adequate resistance against 
the normal, more or less constant stresses encountered in 
the operation of the turbine engine, and also to eliminate 
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of the buckets 11 may include a "fir-tree" root po 

brazing a plug 24 in th 

Figure 6 is a cross-sectional view taken substantially 
along the line VI-VI of Figure 5. 
As shown on the drawings: . . . . . ... . . . . ." 
In Figure 1, there is illustrated in a schematic manner, 

a turbine wheel including the driven central shaft, 10, 
and a plurality of turbine buckets 11 disposed in spaced 
relation about the periphery of the turbine wheel. Each 
which is received in wedged engagement inc 
mentary shaped notches formed in the periphery of the 
turbine wheel. Immediately above the root portion 12, 
the turbine bucket may have an angular base portion 13 

of two arcuately shaped sidewalls 16 and 17 which merge along a smoothly contoured leading edge 18, and 
a trailing edge 19. . . . . . . . . . . . . . . . . . . 
The interior structure of the turbine bucket is, best 

illustrated in Figures 3 and 4 of the drawings. As seen 
in these two drawings, the side walls. 16 and 17 converge 
upwardly from the base to provide an internal void or 
cavity 21 whose breadth decreases toward the top edge 
of the turbine bucket. . . . . . . . . . . . . . . . . . . . . ; An automatically positionable reinforcing means to 
prevent buckling of the hollow turbine bucket, and to 
dampen vibrations which could cause cracks in the sur face of the bucket is provided by introducing a series 
of wedge elements, which may take the form of a series 
of discrete balls 22 into the cavity 21. The balls 22 
may be introduced into the cavity. 21 through an opening 
23 after which the latter may be sealed by welding or 

pening,23. . . . . . . . . . . 
The balls 22 may consist of any suitable material, but 

preferably should be relatively resistant to oxidation, and 
should have areasonable amount of hot strength. Chrom 
ium coated steel balls of the type used in ball bearings, or 
balls of ceramic composition are both suitable in most 
instances for this use. The diameter of the balls 22 should 
be intermediate the two extreme thicknesses of the cavity 
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21, i. e. intermediate the thickness of the cavity at the 
base, and at the top surface of the vane. The balls 22 
are thus freely movable within the base of the cavity 
21 when the balls are first inserted therein, but as the 
turbine wheel is rotated and centrifugal force acts upon 
the balls, they are thrown outwardly and become wedged 
or at least firmly engaged with the vane walls 16 and 17 
in a position intermediate the ends of the vane portion 
14, as illustrated by the dotted line showings in Figures 
3 and 4. . . 
The plurality of balls in seated engagement between 

the walls 16 and 17 provides effective reinforcing bridges 
or struts to prevent buckling of the walls, while at the 
same time serving as a vibration dampener to a substan 
tially greater extent than the solid, continuous reinforc 
ing networks previously employed in hollow turbine 
buckets. 
An important feature of this invention is the auto 

matic positioning of the balls during operation of the 
turbine wheel. Thus, as the vanes expand under heat 
of operation, the centrifugal force of operation will move 
the balls if necessary to maintain a tight fit or if the 
balls expand more than the vanes, they may be squeezed 
to shift toward the root ends of the vanes against the 
centrifugal force action. This centrifugal force thereby 
serves as a cushion load applying medium on the balls. 
After operation of the turbine wheel and cessation of the 
centrifugal force load on the balls, the wheel will cool 
and the balls may be free to drop to the root ends of the 
vanes. The freed balls will not exert any load on the 
vane walls and the walls will be free of stress when idle. 
Then, upon the next operation of the wheels, the balls 
will again come into firm contact with the vane walls. 
A somewhat modified form of the invention is illus 

trated in Figures 5 and 6 of the drawings. This form of 
the invention employs two series of balls 26 and 27, the 
balls 26 each having the same diameter, and the balls 27 
likewise being of the same diameter but having a diameter 
larger than that of the balls 26. It will thus be seen that 
when the balls 26 and 27 are subjected to centrifugal 
force by the rotation of the turbine bucket, the balls 
26, by virtue of their smaller diameters, will become 
firmly engaged between the walls 16 and 17 at a higher 
level than are the balls 27. Thus, by selection of the 
diameters of the wedge elements, a series of reinforcing 
members can be provided for the hollow turbine bucket 
at various levels. 
The reinforcing means of the present invention has 

the further advantage that the discrete wedge elements 
do not completely cut off the flow of air through the 
hollow interior of the vane, so that if desired, air can 
be fed to the rotating bucket from the rotor of the tur 
bine during its operation, to assist in cooling the bucket. 

It will be evident that various modifications can be 
made in the described structure without departing from 
the scope of the present invention. 

I claim as my invention: 
1. In a hollow fluid directing member having a base 

portion arranged for attachment to a wheel, a pair of in 
tegral, continuous side wall portions extending upwardly 
from said base portion in spaced relation, and providing 
a tapering cavity in the interior of said fluid directing 
member, and a plurality of balls disposed in freely mov. 
able relation in said cavity, said cavity having a chord 
wise dimension sufficient to receive said balls, each of 
said balls having a diameter permitting each of said balls 
to become firmly engaged between said side wall por 
tions intermediate the ends of said side wall portions 
upon rotation of said fluid directing member. 
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4. 
2. A turbine bucket comprising a root portion arranged 

to be received in tight engagement in a turbine wheel, an 
airfoil portion comprising two arcuately shaped opposed 
walls merging in continuous, integral opposed leading 
and trailing edges, said opposed walls being spaced from 
each other and converging toward each other upwardly 
from said root portion to provide an internal void of 
decreasing breadth upwardly from said root portion, and 
a plurality of freely movable wedge means disposed in 
said internal void, said void having a chord-wise dimen 
sion sufficient to receive said wedge means said wedge 
means being proportioned to be received in wedged en 
gagement between said walls when said wedge means are 
subjected to centrifugal force. 

3. A turbine bucket comprising a root portion ar 
ranged to be received in tight engagement in a turbine 
wheel, an airfoil portion comprising two arcuately shaped 
opposed walls merging in continuous, integral opposed 
leading and trailing edges, said opposed walls being spaced 
from each other and converging toward each other up 
wardly from said root portion to provide an internal void 
of decreasing breadth upwardly from said root portion, 
and a plurality of discrete balls disposed freely at the 
base of said void, each of said balls having a diameter 
sufficient to cause said balls to become wedged between 
said walls when said balls are subjected to centrifugal 
action. 

4. A turbine bucket comprising a root portion ar 
ranged to be received in tight engagement in a turbine 
wheel, an airfoil portion comprising two arcuately shaped 
opposed walls merging in continuous, integral opposed 
leading and trailing edges, said opposed walls being spaced 
from each other and converging toward each other up 
wardly from said root portion to provide an internal 
void of decreasing breadth upwardly from said root por 
tion, and a plurality of balls of differing diameters con 
tained within said void, each of said balls having a diam 
eter sufficient to cause said balls to become wedged be 
tween said walls at different levels when said balls are 
Subjected to centrifugal force. - 

5. In a hollow fluid directing member, a root portion 
arranged for attachment to a wheel, integral side wall 
portions extending upwardly from said root portion to 
provide a continuous air foil periphery including spaced 
fluid directing walls merging at the chordal edges into 
Smooth leading and trailing edges, said fluid directing 
walls being spaced to provide an internal void therebe 
tween of decreasing breadth from said root upwardly 
in the span-wise dimension of said member, and at least 
one wedge member received freely at the base of said 
void and having a dimension sufficient to cause said wedge 
member to be received in wedged engagement between 
the walls defining said void upon movement of said wedge 
member in the span-wise direction of said member. 
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