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This invention relates to turbomachine blades 
or “buckets,' particularly to a turbine bucket for 
service in high temperature gas turbine power 
plants. 

In recent years, in connection with the de 
velopment of practicable gas turbine power 
plants, there have been developed numerous mod 
ifications of the so-called “vortex type' of blade, 
characterized by a blade shape that is Warped Or 
twisted from root to tip in order to obtain various 
desired aerodynamic characteristics. In order to 
reduce the stresses in the blade due to centrifu 
gal force, it has been customary to taper the 
blade from root to tip so that it has a continu 
ously decreasing cross-section area. Likewise, 
the transition in cross-section shape, and the 
change in entrance and exit angles, has been 
gradual from root to tip. This uniform transi 
tion along the length of the blade has been dic 
tated by the aerodynamic considerations involved 
in designing blades according to the various wor 
tex design theories. 
As the capacity of gas turbine power-plants 

has progressively increased, it has been necessary 
to rapidly increase the length of the compressor 
and turbine blades, with the result that serious 
troubles have been encountered with fatigue 
failures of the comparatively long slender blades. 
These problems have resulted partly from the 
use of “shroudless' buckets, as contrasted with 
earlier steam turbine rotor structures in which 
a continuous shroud band of Some sort is se 
cured to the bucket tips. Such shrouds have an 
important influence in reducing tangential vi 
bration of the buckets, which type of vibration 
appears to have a most serious effect in produc 
ing fatigue failures. With a shroudless bucket, 
fixed more or less rigidly at its base and con 
pletely free to vibrate at its tip, it is extremely 
difficult to so design a gas turbine power-plant 
that the blades will not, at Some Speed or other, 
experience excessive resonant vibration due to 
discontinuities in the motive fluid stream. These 
discontinuities may be caused by the fact that 
the motive fluid is produced by six or more sep 
arate “combustors' spaced circumferentially 

- around the axis of the power-plant, or by the 
partitions in the turbine nozzle ring or struts 
extending across the flow path. 
These fatigue failures of turbine bucketS have 

been an important source of difficulty in placing 
in regular commercial operation the first large 
gas turbine power-plants. It has become in 
creasingly necessary to find a Satisfactory and 
simple solution for this problem in order to make 
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possible large scale commercial exploitation of 
this type of prime mover. 
Accordingly, the object of this invention is to 

provide an improved turbine bucket having a 
novel configuration especially designed to elimi 
nate fatigue failures in the blade root or dovetail 
due to the long, slender, shroudless bucket hav 
ing a natural frequency so low as to become res 
Onant under the influence of discontinuities in 
the motive fuid flow. 
While improvement in the bucket vibration 

characteristics could be effected merely by sub 
stantially increasing the axial width of the 
bucket, that expedient would proportionately in 
crease the axial thickness and the Weight of the 
turbine rotor. Accordingly, it is a further object 
to effect this improvement in bucket fatigue 
strength without increasing the axial thickness 
of the bucket-wheels. 
Other objects and advantages will become ap 

parent from the following description, taken in 
connection with the accompanying drawings, in 
which Fig. 1 is a front perspective view of a tur 
bine blade incorporating invention, Fig. 2 is a 
side view of the same blade, Fig. 3 is an end view 
looking at the tip of the blade, Fig. 4 is a sec 
tional view illustrating the shape of an inter 
mediate portion of the blade at the plane identi 
fied C in Fig. 2, and Fig. 5 is a graphical repre 
Sentation of certain design characteristics of the 
blade, 

Generally, the invention is practiced by divid 
ing the effective length of the blade into three 
portions, a root portion having a cross-section of 
Substantial thickness and being shaped generally 
as an "impulse' type of blade, a tip portion hav 
ing a very thin cross-section of airfoil shape, and 
constituting a “reaction' type of blade, and an 
intermediate portion which sharply transitions 
from the impulse blade shape at the root to the 
reaction type of blade shape at the tip. 

Referring now more particularly to Fig. 1, the 
blade comprises a conventional base portion 
provided with dovetail grooves fa, or any of the 
many Well-known equivalent means for fasten 
ing the base to the rim of the bucket-wheel. The 
precise type of fastening is not material to an 
understanding of the present invention; and it 
will be appreciated that the novel blade shape 
which constitutes the present invention is ap 
plicable to Shroudless buckets or blades wherever 
the length of the blade is such that vibration 
problems, with resulting risk of fatigue failures, 
are encountered. 
As shown in Figs. 1 and 2, the blade 2 is di 
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vided radially into three portions of distinctive 
shape. These three portions are defined be 
tween the planes identified A, B, C, D in Fig. 2. 
The root portion immediately adjacent the bucket 
base extends from the plane A to the plane B. 
This portion is identified 2a and is character 
ized by the cross section shape shown at 2a in 
Fig. 3. It will be immediately apparent to those 
skilled in the turbine art that this blade shape 
is essentially that of the well-known "impulse' 
type of turbine, having a section of very Substan 
tial thickness, the maximum thickness occurring. 
approximately at the midpoint of the axial width 
of the blade. This type of blade is roughly cres 
cent-shaped; and, because of the cross-section 
shape and the substantial thickness, it has ex 
cellent resistance to vibration, in a tangential 
direction. The precise shape of this portion of 
the blade is of course determined in accordance. 
with the well-known design principles governing 
the impulse.type of blade, as used for many years 
past in Steam turbines. For instance, the en 
trance angle may be on the order of 29 and the 
exit angle may be on the order of 28. 
Attention is particularly directed to the fact 

that both the cross Section. Shape of the blade and 
the cross section area are exactly, or very nearly 
exactly, constant from the Section A adjacent 
the base throughout approximately the root 
third of the blade, that is, extending outward 
to the plane B in Fig. 2. In other Words, the 
outline identified 2a in Fig. 3 represents the 
shape of the blade at both planes A and B in 
Fig. 2. 
'The Outer third of the blade is identified 2C 

in Fig. 2, and has a thin airfoil-shaped eroSS 
Section indicated at 3 in Fig. 3. It Will inlinedi 
ately be apparent that this tip seetion is of very 
much smaller cross-section area, than the root 
section 2a, also that the maximum thickness, 
in accordance with the well-known aerodynamic 
design of airfoil sections, occurs Substantially for 
ward of the middle of the chord; and the entrance 
angle has increased very Substantially and the 
discharge angle has decreased so that the Outer 
third of the blade has the characteristic Warped 
shape of blades designed in accordance with the 
above-mentioned vortex theories. Specifically, 
the entrance angle at the tip may be on the 
order of 80, and the exit angle may be about 
23°. 
The middle third of the blade, identified 2b 

in Fig. 2, ransitions very rapidly, yet Smoothly 
and continuously, from the impulse type root Sec 
tion to the thin airfoil type tip section. To indi 
cate the rapidity of this change in shape, refer 
ence may be had to Fig. 4, which represents the 
cross-section shape of the blade at the plane 
identified C in Fig. 2. It will be apparent that 
this section is still of comparatively great thick 
ness, but that the shape has changed to that of 
an airfoil with the point of maximum thickness 
at about one-third the chord of the airfoil from 
the leading edge. The entrance angle is about 
45 degrees and the exit angle about 25 degrees. 
The mannel in which the blade shape tranSi 

tions from the impulse shape at the root, as shown 
at 20, in Fig. 3, to the airfoil section 4 at Sec 
tion C, may be seen from a comparison of the 
outlines of the blade as shown in FigS. 1 and 2. 
It will be seen that this transition in shape takes 
place with great rapidity in the intermediate 
blade portion 2b. 
The corresponding change in cross-section area, 

as a function of radius is illustrated graphically 
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in Fig. 5. Here the abscissa represents the radial 
length of the blade, with the stations A, B, C, D 
marked as in Fig. 2. The curve identified 5 
represents the change in cross-section area, from 
root to tip. It will be seen that the area is exactly, 
or very nearly exactly, constant throughout the 
root portion 2a (from plane A to plane B). The 
cross-section area is also substantially constant, 
but at a very much lower value, throughout the 
tip portion 2c (from plane C to plane D). And 
it changes with great rapidity in the intermediate 
blade portion 2b (from plane B to plane C). 
More specifically, it may be noted that the cross 
Section area, in the tip portion is on the order 
of Only about 20 to 30 per cent of the root area, 
between plane A and plane B. Generally, it may 
be stated that the cross-section area of the tip 
portion is not more than about one-third that 
of the root portion. 

It is also interesting to note the corresponding 
change in Valle of the tangential nonent of 
inertia of the croSS-Section area, which design 
characteristic has the most important effect on 
the resistance of the blade to vibration in a tan 
gential direction. This characteristic is repre 
sented by the curve labeled 6 in Fig. 5. It Will 
be apparent that the tangential moment of in 
ertia of the blade section follows generally the 
shape of the croSS Section area, curve, the moment 
of inertia at the tip being only on the order of 
a few per cent of the moment of inertia of the 
root Section 2a. More specifically, it may be stat 
ed that the tangential moment of illertia, of the 
blade section throughout the tip portion 2c is not 
more than about One-tenth the nonent of in 
ertia at the root portion. 2d. 
AS described above, the root portion 2d. is, Sub 

Stantially an impulse type blade, While the tippo'- 
tion 2c is essentially a reaction type blade, While 
the transition portion 2b changes very rapidly 
from an impulse type section to Substantially a 
reaction blade. Actually, it is not necessary 
that the root portion 2d be a "100% impulse' 
Section all the Way from Section A. O. Section B. 
Fhe blade section will be of substantially, pure 
impulse type at the section A; but the cross 
section shape may change slightly with radius. So 
that at Section B, the shape is suitable for per 
haps 10 per cent reaction. Thus, the root por 
tion 2d. is for all practical purposes an 'inapulse 
type' blade section. - 
As contrasted with the prior art blade shapes 

having a gradual continuous transition in both 
shape and cross-section area from root to tip, 
the invention provides a blade. Which has been 
found to have unusual resistance to vibration in 
a tangential direction relative to the bucket wheel 
to which it is secured. Whereas blades of the 
same general size and capacity designed accord 
ing to previous gas turbine practice had a fatigue 
life of only on the order of a few hundred thou 
sand cycles, corresponding to a few hundred hoirs 
of normal operation, tests of Sample blades Kaade 
in accordance with the inventioia have indicated 
the life will be many yearS. 

This improvement in fatigue resistance is 
achieved by the invention. Without increase in 
the axial thickness of the bucket-wheels and, 
therefore, with substantially no change in the 
total weight of the rotor. There may be some 
slight increase in the rotor Weight, due to the 
fact that the root Section of the blades is some 
what thicker than the prior art designs. The in 
vention is also advantageous in that it permits 
greater bucket length, for a given weight of rotor 



2,660,401 
5 

and length of service life, so that the motive 
fiuid flow path area, can be increased to decrease 
the velocity of the fluid leaving the turbine and, 
therefore, reduce the “leaving loss' represented 
by the velocity energy remaining in the motive 
fluid. Thus, an improvement in aerodynamic 
efficiency can be obtained without increasing the 
weight of the rotor, and with much better life 
“expectancy' than with prior art blade shapes. 

Stated another Way, the advantage of the de 
sign is apparent froi in the fact that it has per 
mitted a 40 per cent reduction in bucket width 
(corresponding generally to a 40 per cent reduc 
tion in bucket-wheel weight) over that Which 
would be required for the same fatigue resist 
ance in a bucket not using the invention. This 
design also improves the bucket's resistance to 
vibration in the axial direction. 
Thus, it will be seen that the invention pro 

vides a novel turbine blade shape which effects 
important improvements in resistance to fatigue 
failure, at substantially no cost in increased rotor 
weight, and with an improvement in aerodynamic 
efficiency. 
While only one blade shape of this novel type 

has been described specifically, it will be appar 
ent to those skilled in the art that many Small 
changes may be made without departing from 
the invention, and it is intended to cover by the 
appended claims all Such modifications as fall 
Within the true Spirit and scope of the inven 
tion. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. An integral turbomachine blade having the 

effective length thereof subdivided into root, in 
termediate, and tip portions, the root portion 
comprising Substantially one-third of the blade 
length and having a substantially constant cres 
cent-shaped section substantially that of an im 
pulse twpe blade, the tip portion comprising sub 
stantially the outer third of the blade length 
and having a substantially constant airfoil 
shaped Section Substantially that of a reaction 
type blade, the intermediate blade portion rapidly 
transitioning Smoothly and continuously from 
the impulse-shaped root to the reaction-shaped 
tip, the cross-section area of the root portion 
being on the order of three times the cross-sec 
tion area of the tip portion whereby the high 
nonent of inertia of the root section resists 
vibration of the blade. 

2. An integral turbo-machine blade having the 
effective length thereof divided into root, inter 
mediate, and tip portions, the root portion com 
prising Substantially one-third of the blade 
length and having a shape substantially that of 
an impulse type blade, the cross-section shape 
and area of said root portion being substantially 
constant throughout the radial length thereof, 
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6 
the tip portion comprising substantially the outer 
third of the blade length and having a substan 
tially constant cross-section shape substantially 
that of a reaction type blade, the intermediate 
blade portion rapidly transitioning smoothly and 
continuously from the impulse-shaped root por 
tion to the reaction-shaped tip portion, the 
CrOSS-Section area of the tip portion being sub 
stantially constant along the radial length there 
of and being not more than about one-third the 
Cross-section area of the root portion, while the 
CrOSS-Section area of the intermediate portion 
decreases rapidly from the root portion to the 
tip portion, whereby the tangential moment of 
inertia of the cross-section area is high and sub 
stantially constant throughout the root portion, 
While the tip portion is of substantially smaller 
Section and tangential moment of inertia. 

3. In an integral turbomachine blade having 
the effective length thereof divided into root, 
intermediate, and tip portions, the root portion 
comprising Substantially one-third of the blade 
length and having a crescent shape substan 
tially that of an impulse type blade, the cross 
Section shape and area of said root portion being 
Substantially constant throughout the radial 
length thereof with an entrance angle on the 
Order of 30° and an exit angle on the order of 
30, the tip portion comprising substantially the 
Outer third of the blade length and having sub 
stantially constant airfoil-shaped cross-section 
Substantially that of a reaction type blade with 
an entrance angle on the order of 80° and an 
exit angle in the neighborhood of 20°, the in 
termediate blade portion rapidly transitioning 
Smoothly and continuously from the impulse 
shaped root portion to the reaction-shaped tip 
portion, the cross-section area of the tip portion 
being on the order of one-third as large as that 
of the root portion while the cross-section area. 
of the intermediate blade portion decreases ra 
pidly from the root portion to the tip portion, 
Whereby the tangential moment of inertia of 
the cross-section area is high and substantially 
constant throughout the root portion while the 
tip portion is of substantially smaller section and 
moment of inertia. 

THOMAS N. HULL, JR. 
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