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(57) Abregée/Abstract:

A freestanding mixed tuned taper-twisted steam turbine blade having an X-X axis parallel to a rotor axis, includes a root portion
having a root center line defined by a root center line radius, a platform portion connected to the root portion; and an airfoll
portion connected to the platform portion and having a leading edge, a trailing edge, a convex section-side surface, a concave
pressure-side surface and a profiled tip, the platform portion having a concave edge, a convex edge, a first end In vertical
proximity to the leading edge of the airfoil portion and a second end In vertical proximity to the trailing edge of the airfoll portion,
the concave edge being sloped towards the root center line radius at a predetermined angle of slope to define an arcuate sloped
surface, and having a sloped flat cut-out surface formed at the second end of the platform portion, the flat cut-out surface having
the same predetermined angle of slope as the concave edge and sloping towards the X-X axis.
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ABSTRACT OF THE DISCLOSURE

A freestanding mixed tuned taper-twisted
steam turbine blade having an X-~X axis parallel to
a rotor axis, includes a root portion having a
root center line defined by a root center line
radius, a platform portion connected to the root
portion; and an airfoil portion connected to the
platform portion and having a leading edge, a
trailing edge, a convex section-~side surface, a
concave pressure-side surface and a profiled tip,
the platform portion having a concave edge, a
convex edge, a first end in vertical proximity to
the leading edge 6f the airfoil portion and a
second end in vertical proximity to the trailing
edge of the airfoil portion, the concave edge
being sloped towards the root center line radius
at a predetermined angle of slope to define an
arcuate sloped surface, and having a sloped flat
cut-out surface formed at the second end of the
platform portion, the flat cut-out surface having
the same predetermined angle of slope as the
concave edge and sloping towards the X-X axis.
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FREESTANDING MIXED TUNED STEAM TURBINE BLADE

BACKGROUND OF THE INVENTION
Field of the Invention:

The present invention relates generally to
steam turbine blades and, more specifically, to a
freestanding mixed tuned blade designed as a
retrofit into an existing turbine rotor.
Description of the Related Art:

Steam turbines include several rows of
rotating and stationary blades. The stationary
blades are mounted on the stationary cylinder
which surrounds the turbine rotor, whereas
rotating blades are mounted in rows on the rotor
and thus rotate with the rotor. ,

The bladés of any given row are usually
identiCal.'-Mbst'blades include a root portion
which is used to mount the blade in its
COrresponding mounting structure, a platform
portion,.and an airfoil portion.

One known type of root portion is designed to
be fitted into a side-entry groove of the rotor.
The overall configuration of the groove is
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arcuately shaped and thus the root portion for a
side~entry blade is also generally arcuately
shaped. Within the category of side-entry blades,
one type of root configuration is known as the
"fir tree"™, due to the fact that the shape of the
root portion is somewhat like an inverted fir
tree. In this type of root portion, there are a
series of alternating necks and lugs which inter-
fit with corresponding necks and lugs provided in
the rotor groove.

The design of a root portion is an exacting
science, one in which slight changes in the
configuration of a neck or lug can result in
substantial changes in the stress distribution
imposed on the entire root portion.

The design of the airfoil portion of the
blade 1s also extremely difficult. The airfoil
portions of most steam turbine rotor blades
include a leading edge, a trailing edge, a concave
pressure~side surface, a convex suction-side
surface, and a tip at the distal end opposite the
root portion. The airfoil portion shape common to
a particularly row of rotor blades differs from
the airfoil portion shaped for every other row
within a particular turbine. Likewise, no two
turbines of different designs share airfoil
portions of the same shape. The structural
differences in airfoil portion shape result in
significant variations in aerodynamic
characteristics, stress patterns, operating
temperature, and natural frequency of the airfoil
portion.
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Development of a turbine airfoil portion or
"airfoil" for a new commercial, power generation
steam turbine may require several years to
complete. When designing rotating blades for a
new steam turbine, a profile developer is given a
certain flow field with which to work. The flow
field is determined by the inlet and outlet angles

(for steam passing between adjacent rotating
blades of a row), gauging, and the velocity ratio,
among other things. "“Gauging" is the ratio of
throat to pitch; "throat" is the straight line
distance between the trailing edge of one rotor
blade and the vacuum-side surface of an adjacent
blade, and "pitch" is the distance between the
trailing edges of adjacent rotating blades.

Flow field parameters are dependent on a
number of factors, including the length of the
rotor blades of a particular row. The length of
the blade 1s established early in the design
stages of the steam turbine and is essentially a
function of the overall designed power output of
the steam turbine and the power output for that
particular stage or row of blades.

Another important aspect of rotating blade
design 1is the tuning of the blades so that
throughout the harmonics of running speed
destructive resonant frequencies are avoided.
Thus, in the process of designing and fabricating
turbine rotating blades, it is critically
important to tune the resonant frequencies of the
blades to minimize forced or resonant vibration.
The "harmonics of running speed" is best explained
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by example. In a typical fossil fuel powered
steam turbine, the rotor rotates at 3600
revolutions per minute (rpm) or 60 cycles per
second (cps). Since one cps equals one hertz
(Hz) , and since simple harmonic motion can be
described in terms of the angular frequency of
circular motion, the running speed of 60 cps
produces a first harmonic of 60 Hz, a second
harmonic of 120 Hz, a third harmonic of 180 Hz, a
fourth harmonic of 240 Hz, etc. Blade designers
typically consider frequencies up to the seventh
harmonic (420 Hz). The harmonic series of
frequencies occurring at intervals of 60 Hz
represent the characteristic frequencies of the
normal modes of vibration of an exciting force
acting upon the rotating blades. If the natural
frequencies of oscillation of the rotating blades
coincide with the frequencies of the harmonic
series, or harmonics of running speed, a
destructive resonance can result in one or more of
the harmonic frequencies.

Given that exciting forces can occur at a
series of frequencies, a blade designer must
ensure that the natural resonant frequencies of
the blade do not fall on or near any of the
frequencies of the harmonic series. This would be
an easier task if rotating blades were susceptible
to vibration in only one direction. However, a
rotating blade is susceptible to vibration in
potentially an infinite number of directions.
Each direction of vibration will have a different
corresponding natural resonant frequency. The
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multi-directional nature of blade vibration is
referred to as the “"modes of vibration". For a
row of lashed rotating blades, up to at least
seven different modes or directions of wvibration
are considered by blade designers. Each mode of
vibration establishes a different natural resonant
frequencies for a given rotating blade for a given
direction.

The first mode of vibration is a tangential
vibration in the rotational direction of the
rotor, and is substantially influenced by the
position of the lower of two lashing wires used to
interconnect groups of rotating blades. Lowering
the position of the lower lashing wire tends to
increase the resonant frequency for the first mode
of vibration. The second mode of vibration is a
tangential vibration in the axial direction of the
rotor. The position of the lower lashing wire
tends to have an inverse effect on the second mode
frequency such that, as the lower wire is lowvered
to raise the frequency in the first mode, the
frequency of the second mode falls. The third
mode of vibration is wvibration in the "X®
direction such that displacement occurs in the
axial direction of a wired group of blades. The
third mode of vibration is highly dependent on the
number of blades per group; the frequency is
lowered with the addition of more blades in the
group. The fourth mode of vibration is an in-
phase vibration which is highly dependent on the

position of the outer-most lashing wire. Moving

the outermost lashing wire downwardly lowers the
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frequency in the fourth mode.

For freestanding blades, the mode shape of
the first two modes is the same. However, the
mode shape of the third or fourth mode, while not
being an "X" shape is a torsional shape instead.

Modes of vibration beyond the third or fourth
mode become increasingly complex. These modes are
of different mode shapes depending on many
factors, too numerous to detail here.

When tuning lashed rotating blades, it is
important to tune the blades with respect to the
first three modes of vibration. Xeeping in mind
the harmonic series described above for a fossil
fuel power steam turbine operating at 3600 rpm,
the natural resonant frequency for a rotating
blade must be tuned to avoid frequencies at
intervals of 60 Hz. For example, the second
harmonic occurs at 120 Hz and the third harmonic
occurs at 180 Hz. The standard practice is to
attempt to tune the blade having a frequency
falling somewhere between 120 and 180 Hz becone as
close as possible to the midpoint between the two
harmonics, i.e., 150 Hz. It is not unusual to
have a rotating blade having a natural resonant
frequency which falls between the second and third
harmonics for the first mode of vibration.

'Therefore, it is desirable to tune the blade to

have a frequency at or near 150 Hz for the first
mode of vibration.
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Frequencies for the second and third modes of
vibration are similarly tuned to be as close as
possible to a midpoint between two guccessive
harmonics. However, frequency testé are commonly
run up to and beyond the seventh mode of
vibration. With respect to the fourth mode of
vibration, a frequency near the seventh harmonic
(420 Hz) might be expected. Therefore, the ocuter-
most lashing wire should be positioned to make
sure that the resonant frequency for the fourth
mode of vibration is sufficiently above the
seventh harmonic. '

When a new steam turbine is designed, the
blade designer must tune the turbine blades so
that none of the resonant frequencies for any of
the modes of vibration coincide with the
frequencies associated with the harmonics of
running speed. Sometimes, tuniﬁg requires a
trade-off with turbine performance or efficiency.
For example, certain design changes may have to be
made to the blade to achieve a desired resonant
frequency in a particular mode. This may
necessitate an undesirable change elsewhere in the
turbine such as a change in the velocity ratio or
a change in the pitch or width of the airfoil.

Furthermore, the blade designer must avoid .
non-synchronous vibration, also labelled
"aeroelastic instability", which includes
unstalled flutter, stalled flutter, and buffeting.
This phenomenon is much more prevalent in

- freestanding blades. To alleviate aeroelastic

instability in freestanding blades, the designer
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mix tunes the row of blades so that the first mode

of adjacent blades vibrates at slightly different
frequencies.

A difficult problem arises in the situation
where a pre-existing turbine is upgraded to
increase its power output. This may be done by
increasing the length of the blades of one or more
rows, and boring out the cylinder around the row
to accommodate the greater overall length.

Changes to the side entry grooves provided on the
rotor are nearly impossible to make, so that

retrofitted blades are usually confined to employ
the same root portion as its predecessor blade.

SUMMARY OF THE INVENTION

Objects of the present invention are to
provide a retrofit blade of increased strength and
without weak links such as lashing wires and
tenons, capable of enhanCed-speed cycling capacity
and not susceptible to aeroelastic instability.

Another object of the present invention is to
provide a retrofit blade which uses the same rotor
groove as the pre-existing blade.

These and other objects of the invention are
met by providing a freestanding, mixed tuned,
taper-twisted steam turbine blade having an X-X
axis parallel to a rotor axis, and including a
root portion, a platform portion connected to the
root portion, and an airfoil portion connected to
the platform portion and having a leading edge, a
trailing edge, a convex suction-side surface, a
concave pressure-side surface and a profiled tip,
the platform portion having a concave edge, a
convex edge, a first end in vertical proximity to
the leading edge of the airfoil portion and a
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second end in vertical proximity to the trailing
edge of the airfoil portion, the concave edge
being sloped towards a root center line radius at
a predetermined angle of slope to define a sloped
surface and having a sloped flat cut-out surface
formed at the second end, the flat cut-out surface
having the same predetermined angle of slope as
the concave edge and sloping towards the X-X axis.

Preferably, the predetermined angle of slope
1s about 15°.

These and other features and advantages of
the freestanding, mixed tuned, taper-twisted
steam~-turbine blade of the present invention will
become more apparent with reference to the
following detailed description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a side elevational view of a steam
turbine blade of the prior art:

FIG. 2 is an end view of the steam turbine
blade of Fig. 1;

FIG. 3 is a top view of the steam turbine
blade of Fig. 1:

FIG. 4 is a sectional view of the F-F section
of Fig. 1, overlaid on the platform portion of the
steam turbine blade and showing the X-X and Y-Y
axes of the blade;

FIG. 5 shows the tenon section T-T of Fig. 1
and further showing spline interpolation points
for quantifying shape of each of the sections
relative to points 1-22 as those points relate to

- the X-X and Y-Y axes of the blade;

FIG. 6 is an end view of a steam turbine
blade according to the present invention:
FIG. 7 1s a side elevational view of the
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steam turbine blade according to FIG. 6:

FIG. 8 is a sectional view taken along
section R-R of Fig. 7;

FIG. 9 is an enlarged view of the tip portion
of the airfoil of Fig. 6 as taken along section
PT-PT of FIG. 12; .

FIG. 10 is a stacked plot showing the various
sections illustrated in FIG. 7:

FIG. 11 shows a typical section of the steam
turbine blade according to Fig. 6 and illustrating
the spline interpolation points for quantifying
blade dimensions and further showing two adjacent
bladeS'in the blade row for the purpose of
illustrating gauging; '

FIG., 12 illustrates the T-T section of the
steam turbine blade of Fig. 7;

FIG. 13 shows the base section overlaid on a
plan view of the platform portion on the X-X and
Y-Y axes:

FIG. 13(a) is an end view of the root portion
in relation to the platform portion; and

FIG. 14 is an end view of the root portion of
the steam turbine blade according to Fig. 6.

FIG. 15 is an enlarged end view showing a
root and groove of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS
The re~design of the airfoil follows a

‘similar process as that of the design of a new

blade. Given the length of the blade and the flow
field parameters, the blade designer proceeds to
generate a plurality of basic blade sections. An
example of a prior art blade is illustrated in
Figs. 1 through 4. Referring to Fig. 1, the basic
sections are A-~-A through G-G. These sections



10

15

20

25

30

compose six blade developments, the first
development being from section A-A to B-B, the
second development being from B-B to C-C, the
third development being from C-C to D-D, etc. The
airfoil sections of the blade are composed of the
basic transverse sections through the airfoil.
Each section is defined by a series of numbered
coordinate points connected by a smooth continuous
curve generated by spline interpolation. These
coordinate points are defined according to the X-X
and Y-Y axes which are illustrated in Figs. 3 and
4. Fig. 4 shows a typical section, which happens
to be the F~-F section. Also, the root portion is
transposed under the section to show the
relationship of the root portion to the blade
section. The surface between each transverse
section is a ruled surface generated by a series
of straight lines connecting like numbered
coordinate points at each section. For example,
Fig. 5 shows the tenon section (the tenon is that
part of the blade which is used to attach a shroud
which is used to interconnect adjacent blades in a
group. The tenon section is not one of the basic
sections, but is illustrated herein to show how.
blade design occurs. In the attached Table I, the
blade section dimensions are specified for the
blade section dimensions relative to the points
illustrated in Fig. 5. For example, point 1 in
Fig. 5 for the tenon section is -.320 in. (8.128
mm) in the horizontal direction (in the X
direction) and -.973 in. (24.714 mm) in the
vertical direction (in the Y direction). Thus,
the coordinate points for point 1 in the tenon is
-.320, -.2973 in. (8.128, 7.551 mm).
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The blade illustrated in Figs. 1-5 was
designed for a Westinghouse BB73 turbine, for use
in the L-1R row. The blade 30, having an airfoil
portion 32, a root portion 34, and a platform
portion 36, is wired to adjacent blades with a
lashing wire 38. The tenon 40 is used to connect
the blade 30 to adjacent blades through a shroud
(not shown),

The blade depicted in Figs. 1-5 has been
commercially produced by the Westinghouse Electric
Corporation and was designated the TS-1253A and
1254A. As shown in the drawings, these blades
were lashed and shrouded and thus produced certain
tuning effects as mentioned preViously.

In redesigning the blade illustrated in Figs.
1-5 for a retrofit, a need existed to eliminate
traditional weak links such as lashing wires and
tenons, to enhance the speed cycling capacity of
the blade, to increase strength and to avoid
aeroelastic instability. Moreover, the redesign
should be effected using the same rotor grooves to
minimize machining of the rotor.

Referring now to Figs. 6 and 7, a steam
turbine blade according to the present invention
is generally referred to by the numeral 42 and
includes'a root portion 44, a platform portion 46

and an airfoil pbrtion 48. Fig. 7 illustrates the
basic airfoil sections A-A through J-J, with the

distance from the platfofm indicated on the right-
hand side in inches, as well as millimeters shown

in parenthesis. Section J-J is the base section
and section T-T is the tip section. The tip

section is profiled (as further illustrated in
Figs. 9 and 12) to create a desired tuning effect.
This blade is a mixed tuned blade, meaning that in
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its designated row, which for the BB73 L-1R row
has 120 blades, the blades have one of two profile
tip lengths, and the two different lengths are
alternated for the adjacent blades so that half
the blades are of one length and the other half
are of the other length. The changes in the
profile tip length coupled with an enlarged tip
section (which lowered and second mode relative to
first mode for turning purposes) result in a
maximum change of frequency possible for the first

mode blade alone frequency ("blade alone"

stationary frequency is determined by testing the
resonant frequencies of the blade while detached
from the rotor; however the "blade alone™ rotating
frequency is determined by testing the resonant
frequencies of the blade while the rotor portion
does not vibrate). This enabled the mixed tuning
requirements to be met without the additional aid
of sequencing of the specific blades around the
row, provided a profile tip length close to 0.305
is used for the longer length. The profile tip
lengths in the preferred embodiment were set at
0.075 inches (1.905 mm) and 0.200 to 0.305 inches
(5.08 mm to 7.747 mm). This results in the blades
of the row having a 4 Hz first mode blade alone
frequency separation, which ensures that
aeroelastic instability is avoided. 1In other
words, the blade with the longer length profile
tip having the 0.200 to 0.305 inch (5.08 mm to
7.747 mm) profile has a frequency about 4 Hz
higher than the blade with the shorter length
profile tip having the 0.075 inch (1.905 mm)
profile. At the same time, the tuning
requirements for the first and second mode disk
system frequencies (frequencies of the blades when



10

- 16 - 56,040

the rotor vibrates with the blades) and the second
mode blade alone frequency were established within
prescribed guidelines.

The affect of the tip profile in meeting the
tuning requirements for the first and second modes
of vibration were in part the result of the
redesign of the airfoil sections as compared to
the prior art blade illustrated in Figs. 1-5. 1In
particular, the airfoil portion of the present
invention has coordinate points listed in the
following Table II:
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The enlarged tip section lowered both first and
second modes through "mass control", but

substantially lowered second mode relative to
first mode. Both modes were raised an equal
amount to the correct level of blade disc system

frequencies by "beefing up" the lower sections.
In addition the "beefed up" lower sections

(providing stiffness control), added increased
vibratory strength. Furthermore, increased
vibratory strength for the root (other than speed
cycling) was accomplished by changing the root
neck profile (increased radius at the upper-most
neck, etc.). Vibratory strength is needed for the
untuned modes such as the third and fourth modes.
Furthermore, due to the stiffer lower sections,
the frequencies of the third and fourth modes are
higher, and this feature can be related to an

additional increase in strength both for the lower
sections and the root. |

The coordinate points in Table II define an
airfoil shape which is different in many
substantial ways from the airfoil described in
Table I. Although the blade airfoil has a height
of 14.57 inches (370.07 mm), the platform is
substantially thicker in the radial direction than
a typical'blade (along with other features which
will be described later). The lower sections of
the airfoil.portion (base through 3/8 or J-J
through F-F)'and the 1/8 section (8-H) along with
a lower stagger angle, raise both the first and
second mode frequencies by the same amount. This
provides stiffness control for the overall blade
structnre. At the same time, the sections near
the tip (B-B and A-A, corresponding to the 7/8 and
tip sections) were enlarged to lower both first
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and second mode frequencies by mass control.

However, the second mode frequency was lowered

~more than the first mode frequency by these

changes in airfoil dimensions and the net result
was that the second mode frequency was lowered
relative to the first mode frequency, and this was
essential to meeting the tuning requirements for
both first and second modes. As a consequence,

changes in the profile tip length resulted in the

maximum change of frequency possible for the first
mode blade alone freguency and, as mentioned
previously, this enabled the mixed tuning
requirements to be met without additional aid of
sequencing of specific blades around the row.

The tuning difficulty was to a large extent
caused by very flexible integral disc or rotor
that resulted in a large spread of frequency
between the second mode disc system frequency and
the second mode blade alone frequency. This made
it very important to precisely design these second
mode frequencies and this in turn effected the
design of the first mode frequency (system
frequency).

Thus, the blade illustrated in Figs. 6 and 7
was designed as a retrofit to replace the blade
illustrated in Figs} 1-5. The blade in Figs. 6
and 7 1is freeStanding, meaning that it is neither
lashed nor shrouded as in the previous blade. |

The root portion 44 of the blade illustrated
in'Figs. 6 and 7 is the same as that of the
previous blade, except that the upper-most root
neck 44a has a different radius. In particular,
the radius was increased from .0625 inches (1.5875
mm) to 0.0850 inches (12.159 mm) where indicated
in Fig. 14. In addition, the radius to the
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underside of the platform was increased to 0.180
inches (4.572 mm),'and @ line joining the centers
of both radii is parallel to the bearing surface
44b. These radii are better illustrated in Fig.
15. These larger radii improved the strength of
the root and increased speed cycling capacity by
reducing the stress concentration at the neck of
the root (44a). |
Referring to Fig. 15, which is an enlarged
view of Fig. 14 at circle B on the right-hand side
of the root center line RCL, the rotor 50 has a
groove which'mates with the root portion 44 so
that the bearing surface 44b is the surface area

of contact between the rotor 50 and the root

portion 44 at the upper-most neck 44a. The
bearing surface 44b is substantially.planar and,
as mentioned previously, is parallel to a line
drawn between the centers Cl and C2 of the .085
inches (2.159 mm) radius Rl and the .18 radius R2,
respectively. Moreover, the tangency point T1 of
the .085 inches (2.159 mm) radius R1 to the
bearing surface 44b has a zero offset to the
tangency point of the corresponding steeple
radius, so that tangency point T1 is common to

" both. This feature is unique and is possible

because the new .085 inches (2.159 mm) radius is

‘substantially larger than the corresponding
_retrofit steeple radius (the word "steeple®
'referring to the rotor groove configuration). The
'effect of this is to provide a slightly larger,
 thicker'root neck than would otherwise be possible

at the upper-most root section so nominal stresses
and frequencies will be effected the least. Thus,

in terms of a comparison to the previous blade,

the upper-most root neck illustrated in Fig. 14 is
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slightly smaller and thinner than the preceding
root portion.

Another feature of the present invention
which distinguishes it over the previous blade
illustrated in Figs. 1-5 is in the configuration
of the platform. Referring to Figs. 6, 8 and 13,
the platform portion 46 has a concave edge 46a and
a convex edge 46b. The 15° sloped concave
platform edge is also referred to as the vertical
platform angle. The convex edge 46b is angled in.
the same direction at a 12° angle. When it is

- stated that the concave edge slopes towards the

root center line radius R3, this means that both
the top and bottom of the concave edge are
parallel and concentric to the root center, formed
by radius R3. This can be seen in Fig. 13.
Another important aspect of the platform according
to the present invention is that a flat cut-out 52
is formed at the trailing edge 54 of the airfoil
portion 48. The flat cut-out 52 is also
illustrated in Fig. 7. The flat cut-out 52 is
angled at the same 15° angle as the vertical
platform angle and slopes towards the X-X axis.
Its flat, 15° sloped surface is formed, for
example,'by running at 15° angled platform cutter
straight out at the 1.984 inches (50.394 mm)
dimension. Thus, the top and bottom of the flat

- cut-out 52 are parallel to the X-X axis, which is

linear while the top 46c and bottom 46d of the
concave edge 46a are parallel and concentric to
the root center line (formed by radius R3) and are
thué curvilinear. The cut-out 52 is at the end of
the platform underlying the trailing edge 54 of
the airfoil portion 48 and has the effect of
reducing overhang, which in turns enhances speed
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cycling capacity. The overhang can be seen in
Fig. 6 as the distance between the upper-most root
neck 44a and the concave edge 46a at the end face
of the platform. 1In the previous blade, the
overhang was .868 inches (22.047 mm) whereas in
the present invention the overhang is .246 inches
(6.248 mm). The overhang is thus defined as the
bottom 46e of the platform portion 46 which
extends tangentially outwardly at the trailing
edge concave side of the platform portion.

To further enhance the speed cycling
capacity, the 15° vertical platform angle
corresponding to the concave edge 46a results in
the average center of gravity of the platform in
the vertical direction being stacked with respect
to the X-Y stacking axis as shown. Without this
angle, the center of gravity of the platform would
be in the negative vertical direction, resulting
in additional tensile stresses on the concave
trailing edge of root neck 44a which would result
in less speed cycling capacity. Since the
platform is relatively thick at 0.948 inches
(24.079 mm), stacking of the platform in this
design is a significant feature.

Fig. 13 also illustrates as curved parallel
broken lines 45a and 45b the top serration or lug
of the root portion, thus illustrating the
relative position of the root to the platform and
airfoil. The pivét centers and length of radius
is also illustrated for each curved line in a
preferred embodiment.

Referring to Fig. 9, the profiled tip 56 of
the airfoil pdrtion has a length TH of 0.200 to
0.305 inches (5.08 mm to 7.747 mm). Every other
blade in the row will have a profile length TH of
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075 inches (1.905 mm). The length is measured
from the distal end of the airfoil portion so that
in both profile lengths, the overall length of the
blade remains 14.57 inches (370.07 mm).

Throughout the drawings, the %Z-%Z axis is the
radial plane which is orthogonal to the X-X and Y-
Y axes and is formed at the intersection of the X-

X and Y-Y axes. Other characteristics of the

blade according to the present invention are

listed below with respect to the maximum section
thickness and gauging (see Fig. 11):

SECTION MAX THK MAX THK GAUGING
(in.) (mm)
A-A 265 6.731 . 335
B-B . 347 8.813 . 404
C-C .433 10.998 - .479
D~-D .514 13.055 . 569
E~E 017 15.671 , 643
F-F .675 17.145 .687
G-G o179 19.786 .720
H-H .875 22.225 . 704
J~J . 930 23.622 . 147

Numerous modifications and adaptations of the
present invention will be apparent to those so
skilled in the art and thus, it is intended by the

following claims to cover all such modifications

and adaptations which fall within the true spirit
and scope of the invention.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS 3

10

15

20

l. A freestanding mixed tuned taper-~twisted
Steam turbine blade having an X-X axis parallel to
a rotor axis, comprising:

a root portion having a root center line
defined by a root center line radius:

a platform portion connected to the root
portion; and

an airfoil portion connected to the platform
portion and having a leading edge; a trailing
edge, a convex suction-side surface, a concave
pressure~side surface and a profiled tip, the
platform portion having a concave edge, a convex
edge, a first end in vertical proximity to the
leading edge of the airfoil portion and a second
end in vertical proximity to the trailing edge of
the airfoil portion, the concave edge being sloped
towards the root center line radius at a
predetermined angle of slope to define an arcuate
sloped surface, and having a sloped flat cut-out

surface formed at the second end of the platform

portion, the flat cut-out surface having the same
predetermined angle of slope as the concave edge
and sloping towards the X-X axis.

2. A freestanding, mixed tuned taper-twisted
steam turbine blade as recited in claim 1, wherein
the predetermined angle of slope is 15°.

3. A freestanding, mixed tuned taper-twisted
steam turbine blade as recited in claim 1, wherein

the platform portion has a thickness of .948
inches (24.079 nnm).
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4. A freestanding, mixed tuned taper-twisted steam
turbine blade as recited in claim 3, wherein the root
portion has an upper-most neck and the platform has an
overhang relative to the upper-most neck of about .246
inches (6.248 mm).

5. A freestanding, mixed tuned taper-twisted steam
turbine blade as recited in claim 1, wherein the root
portion has an upper-most neck between a bottom of the
platform and a bearing surface of an upper-most lug, the
upper-most neck having a curved surface formed by a first
radius tangent to the bearing surface and a second radius
coterminous with the first radius and tangent to the
bottom of the platform portion.

6. A freestanding, mixed tuned taper-twisted steam
turbine blade as recited in claim 5, wherein the first
radius is .085 inches (2.159 mm) and the second radius is
.180 inches (4.572 mmJ.

7 . A freestanding, mixed tuned taper-twisted steam

turbine blade according to claim 6, wherein the first

- radius has a first center and a second radius has a

second center and a line connecting the first and second
centers is parallel to the bearing surface of the upper-
most lug.

8. A freestanding, mixed tuned taper-twisted steam
turbine blade according to claim 5 wherein the first
radius has a zero offset to a tangency point of a
corresponding steeple radius, so that the tangency points
are common to both of the curved surfaces formed by said

first and second radii.
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S. A row of freestanding, taper-twisted mixed
tuned steam turbine blades having an X-Y axis parallel to
a rotor axis, each blade of the row comprising:

a root portion having a root center line defined by
a root center line radius;

a platform portion connected to the root portion;
and

an airfoil portion connected to the platform portion
and having a leading edge, a trailing edge, a convex
suction-side surface, a concave pressure-side surface and
a profiled tip, the platform portion having a concave
edge, a convex edge, a first end in vertical proximity to
the leading edge of the airfoil portion and a second end
in vertical proximity to the trailing edge of the airfoil
portion, the concave edge being sloped towards the root
center line radius at a predetermined angle of slope to
define an arcuate sloped surface, and having a sloped
flat cut-out surface formed at the second end of the
platform portion, the flat cut-out surface having the
same predetermined angle of slope as the concave edge and
sloping towards the X-X axis, wherein the profile tip has
a first length for half of the blades of the row and a
second length for the other half of the blades of the
row, the blades being arranged in the row to alternate

profile tip lengths to effect a mixed tuning.
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10. A row of freestanding, taper-twisted mixed
tuned steam turbine blades as recited in claim 9, wherein
the first length of the profiled tip of .075 inches
(1.905 mm) and the second length of the profiled tip is

5 .200 inches to .305 inches (5.08 mm to 7.747 mm).

11. A row of freestanding, mixed tuned taper-
twisted steam turbine blades as recited in claim 10,
wherein the predetermined angle of slope is 15°.

12. A row of freestanding, mixed tuned taper-

10 twisted steam turbine blade as recited in claim 11,
wherein the platform portion has a thickness of .948
inches (24.079 mm).

13. A row of freestanding, mixed tuned taper-
twisted steam turbine blade as recited in claim 12,

15 wherein the root portion has an upper-most neck and the
platform has an overhang relative to the upper-most neck
of about .246 inches (6.248 mm).

14. A row of freestanding, mixed tuned taper-
twisted steam turbine blade as recited in claim 9,

20 wherein the root portion has an upper-most neck between a
bottom of the platform and a bearing surface of an upper-
most lug, the upper-most neck having a curved surface
formed by a first radius tangent.to the bearing surface
and a second radius coterminous with the first radius and

25 tangent to the bottom of the platform portion.
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15. A row of freestanding, mixed tuned taper-
twisted steam turbine blade as recited in claim 14,
wherein the first radius is .085 inches (2.159 mm) and
the second radius is .180 inches (4.572 mm).

S 16. A row of freestanding, mixed tuned taper-
twisted steam turbine blades according to claim 15,
wherein the first radius has a first center and a second
radius has a second center and a line connecting the
first and second centers is parallel to the bearing

10 surface of the first lug.

17. A row of freestanding, mixed tuned taper-
twisted steam turbine blades according to claim 14
wherein the first radius has a zero offset to a tangency
point of a corresponding steeple radius, so that the

1S tangency points are common to both of the curved surfaces

formed by said first and second radii.
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