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Abstract.
In 1992, as part of our plan to extend time-between-overhaul (TBO); Equivalent

Forced Outage Rate (EFOR); and Turbine Cycle Heatrate (TCHR), TVA made a
decision to examine the existing turbine generators on their total system. TVA
considered all the possible improvements which could be achieved by the incor-
porating steam path components representing the new technologies which had
become available since these units were originally designed and built in the 1950's.
The improvements which were incorporated were in several areas included the
use of improved blade profiles and sealing systems.

A complete analysis of the proposed design modifications and the anticipated
measurements of the improvement was made prior to their agreed incorporation
into the unit.

The first unit to undergo these modifications was Unit # 1 atthe Allen Fossil Plant,
in Memphis, Tennessee. This turbine, originally designed and built by
Westinghouse Electric Corporation is nameplate rated at 275,000kw, and was
placed into service originally in October 1957. The second machine of this class,
to be modified was Unit #4 at Gallatin Fossil Plant, near Nashville, Tennessee.
Prior to the shutdown of these units, a modified ASME PTC-6 Code performance
test was conducted. At completion of the upgrading, and the unit being returned
to service, this test was repeated as a basis for program verification.

This paper will discuss the upgrading modifications which were incorporated, the
predicted improvement due to each, and then report on the improvements which
were achieved.
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Introduction
Early in 1992 Tennessee Valley Authority (TVA) made a decision to explore a major

upgrade program of their existing fleet of turbines, as a means of improving EFOR and
Heat rate. A systematic, three phased approach was used consisting of a feasibility study,
detailed redesign/long-lead procurement and im plementation phases. Then, if the indica-
tions of such a study warranted, the engineering could proceed through implem entation at
each time a unit became available for modification. In all at total of seven (7) rotors would
have to be modified for service in a total of five (5) operating units at Allen and Gallatin.

The aim of the initial study was to identify areas of the units where improvements
could be implem ented which could take advantage of refined methods of manufacture and
analysis, and at the same time incorporate into the units developments which had been
introduced to the industriousness the units were originally designed and placed into ser-
vice. Itwas anticipated that improvements could improve both efficiency and reliability and
also assist in increasing the time intervals between major outages.

During the life of these machines, TVA had experienced repeated blade root failures
on the Curtis Stage of this class of machine. A Curtis Stage is em ployed by reaction
turbine builders to achieve two main goals, the first being to provide for a more robust
impulse type blade design on the control stage to accommodate the high shock loads from
partial arc admission. The secondary purpose is to achieve a higher pressure drop so as
to proMde for alower and more manageable pressure drop across the reaction type blading
which followed.

In TVA's case, the frequency of rotating blade replacement had become very high
and the agency found that machines of this class could only achieve a 4-5 year TBO.
Since the agency’s goals mandated that all HP Turbines needed to operate for at least 10
years, it was obvious that something had to be done to mitigate this root cracking problem.
In October of 1992, as a consequence of a failure on the first row of the Curtis Stage of
Allen Unit 1 an initial contract was placed with Stress Technologies Inc., of Rochester New
York, to investigate the failure and subsequent redesign the two row control stage. The
major focus of this project was to improve turbine reliability but,a secondary goal was to
incorporate new design features which would achieve improvements in unit performance.
The indications from this initial analysis indicated output could be increased bya redesign
of the rotating blade vanes, and a stress and vibration analysis also provided evidence that
structural integrity could be improved by modification of the root form to a design similar to
that used on Gallatin Units 1 & 2.

Inthe initial studywork, it was discovered that the Impulse type Curtis rotating blades
(as designed) had a slight degree of reaction. Since it was widely believed that aerody-
namic improvements to this blade would result in greater degrees of reaction, a further
phase of the analysis was to consider means of reducing the steam leakage quantity around
the rotating blade rows and so produce a further improvement to the total performance.In
addition to incorporating an improved seal system around the control stage, the pressure
balance piston seals could also be redesigned to reduce the quantity of steam bypassing
the steam path.
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At completion of this analysis, the potential upgrade areas which had been identified
as prowvding a cost effective improvement (on the order of 4-5 MW), and could be incorpo-
rated into the Allen Unit #1 HP Turbine during the next scheduled overhaul. This effect of
this decision required a redesign of the blade vanes for the control stage rotating blades,
and a redesign of the sealing system around the control stage and at the pressure balance
(dummy)piston.

The structural analysis had shown that the Allen Unit #1 HP turbine had suffered a
failure in the first row of the Curtis stage with an axial (side)entry root design for blade
attachment. The cause of this failure was identified as being initiated by ‘fretting’,and then
propagated to failure by high cycle fatigue. By inspection of old retired blades form the
Gallatin units, it was concluded that the same type of failure has occurred there also.

The redesign first and second row's of the Curtis Stage indicated that a modified Tri-
Pin type design should be employed in blade root attachment area so the discroot steeples
were removed to employaweld rebuild. This also provided the opportunitytoimplem enta
number of the identified performance improvements.

At this time, it having been decided to take advantage of the previously identified
potential improvements, and make the modifications to the control stages, it was neces-
saryfirst to eliminate the factors in the original design which had contributed to the failure.
This required a mechanical/structural redesign of the control stage to eliminate the effects
of fretting. It was also necessaryto undertake these modifications within a time frame
which could justify their implem entation, and allow a return to service within an acceptable
time frame.

These identified improvements in both structural integrity and efficiency completed,
the unit was returned to service. Performance testing showed an improvement of 5.6% in
high pressure section efficiency, and represented a heat rate reduction of 110 to 125BTU/
kW-hr. These improvements were confirmed by means of ASME performance tests con-
ducted by TVA engineering.

Since the success with the original Allen unit, the balance of the units at Allen have
also been modified. This Fall the final unit will be m odified and returned to service. Both
impulse and reaction designs hawe incorporated a number of the identified improvements,
each showing animprovement, interms of the initial efficiency and the level at which these
gains have been sustained thus far.

The Allen HPT Curtis Stage Rotating Blade Rows.
The STI investigation of the failure at Allen. was to determine both the cause and

mechanisms involved in the failure of the first rotating blade row. This studyindicated that
for this unit the triple pin design of blade attachment provided im proved mechanical prop-
erties of stress in both the wheeland blade root than the original axial entry design, and the
vibration characteristics were fully acceptable.

To provide a total definition of the new blade row requirements the following analysis
were undertaken:
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* A series of optimization studies to establish geometric parameters of the Curtis
stage.

* Ananalysis indicating that a new aerodynamic profile would increase the efficiency
of energy conversion. CFD studies indicated a need for this im proved profile. In
fact an improvement of 1.87% to 1.96% was anticipated.

* That vane inlet angels change should be m odified for the second rotating row. This
produced a reduction in the incidence loss on these blades.

* Starting with the aerodynamic profiles designed for optimum flow efficiency im-
provement, a triple pin design was used for the first and second stages at Allen.
This studyinvolved iterative 3-D and 2-D design optimization to finally establish the
optimum geometries.

* Fatigue studies of the triple pin design showed stress levels experienced at partial
arc admission lower than the fatigue limit for a life of 100,000 hours.

* That an improved sealing systems for this control stage would lower the overall
stage losses, and be cost effective.

* That the leakage past the pressure balance system was excessive and are finned
sealing system with a means of maintaining original clearance for longer periods
was required.

A major input to the redesign of the rotating blade rows was providing a definition of
the blade vane geometries. In undertaking there design, and providing definition it was
important to consider, and where necessary maintain the following characteristics of the
original vanes:

* The nose inlet angle: It was necessaryto maintain the same vane nose inlet angle
on the first row so that any incidence angle which might exist was maintained. On
the second row modification to eliminate incidence were required.

* Section Modulus: Because bending stresses would be high at both full and part
load, it was necessaryto ensure the vane would not have a reduced bending m odu-
lus, and therefore introduce significant weakening modifications to the stress or
vibration characteristics of the rows.

* Blade width: The blade vane must be produced to the same axial width so that
axial clearances between the stationary and rotating rows could be maintained,
and the basic stage axial width not require any adjustment.

* Root stresses: It was necessary to design the vane and attachment so that cen-
trifugal and bending stresses were not increased. This was hecessaryto maintain
both vane and root stresses at alevel which did not exceed acceptable levels, and
would eliminate the possibility of fretting.
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* Discharge angle and area: To ensure the discharge pressure and steam angle and
velocity discharging from the rotating blade rows was at a value determined to be
optimum from the parametric analysis made by the STI analysis.

* That to the greatest extent possible ‘curvature’ of the discharge tail was reduced.
This was necessaryto either eliminate or delay premature separation of the bound-
ary layer from the suction surface of the vane in the region of the throat.

A major consideration of the failure analysis and total upgrading inwvestigation was
the redesign of the rotating blade rows. These blades had originally been designed to
make them suitable for the manufacturing processes which were available in the 1950’s.
Since that time there has been considerable advances in both analytical methodology and
machining technology. It is now possible therefore to specify and produce blade vanes
capable of being produced to an aerodynamic form. This capabilityimprovementresults in
an improved energy conversion ratio.

The vane was redefined to provide an improved form, and one which would fulfill the
requirements listed above. In redefining the vane shape the following im provements were
incorporated:

* The vane was defined to produce both pressure and suction faces with a con-
stantly changing radius of curvatures so that premature separation of the boundary
layer was less likely to occur.

* The expansion passage between the profiles was slightly convergent from inlet to
discharge.

* The discharge tails were configured to reduce suction fate curvature and minimize
the possibility of flow separation after the throat, and to reduce the width of the
downstream wake.

After the row 1 and 2 profile had been defined an analysis by 2 and 3 dimensional
CFD methods was used for final optimization. Also an analysis of the stresses and vibra-
tion characteristics using “BLADE”,(ref. 1), indicated ¢ Sginal
characteristics were acceptable, (ref. 2). # profle

i -

A comparison of the original and redesigned it M\\ o
vane profiles for the first rotating row are shown in
figure 1. While these differences do not appear to be
extensive, they do make significant inprovements to
the performance of the stage. A comparison of the P
pressure distribution,as a function of axial width, of / 4
these same profiles is shown in figure 2. From this f-y
figure it can be seen from figure 2(b), that thereis a ¥

significant reduction of pressure on the suction fact of Eigure 1

. . . A comparison of the original airfoil profile
the vane,helping to increase the tangential thrust on and the new used on Row 1 of

the vane. the Curtis stage.
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In making these modifications to the
profile there were certain constrains applied.
These included resisting the desire to make
the vane trailing edges thinner, and so im-
prove efficiency. Such a change was not
implemented because these stages are sub-
ject to solid particle erosion, and a thinner
tail section, while advantageous from an effi-
ciency perspective, would be eroded much
faster, and require more frequent changes
of the blades or at least a weaker section af-
ter a period of operation and erosion. The
inlet edge radius was not reduced, which
while it would reduce incidence losses at the
mean section would induce larger losses at
other radial locations.

The Allen Curtis Stage Tip Seal System
Modifications.

To help controltip leakage on the Allen
G.S. Unit, an improved design was developed
for installation abowe the rotating blades. This
redesign required certain machining of the
casing inner surface, and the use of a pat-
ented sealing device used to lower steam
leakage quantities.

Original

Figure 2

Showing the pressure distribution aroundthe two
profiles shown in figure 1. In (a) is that around the
original, and in (b) the distribution on the new.

Design
. —
T -
0.055
0.055"

Allen

[Desiqn

0.032"

Vortex Shedder
(See detail '‘A")

Figure 3
The Curtis stage tip seals of Allen GS. In (a) is the original design, and in (b) the redesigned
system using the spring backed ‘Vortex Shedding’ seal. See detail ‘A.

Deformed
seal strip

Detail 'A'  Direction of
steam whirl
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The redesign included included the following modifications:

* Number of seal strips: The number of seal strips incorporated into the Allen Curtis
stage design were increased to take full advantage of the axial width of the cover
band. The original design with two radial strips abowve each rotating row are shown
in figure 3(a). These seals were the standard three piece ‘interlocked’ design of the
original equipment manufacturer. The new design design shown as figure 3(b)
incorporated eight (8) individual teeth inserted in a spring backed ring carrier.

The quantity of steam leaking past any labyrinth constriction is inversely propor-
tional to the square root of the number of series seal strips, (ref. 3). Therefore, any
increase in their num ber will reduce leakage quantities.

* Retractability: Where possible an improved seals ring system was installed with
spring loaded retractable ring segments. This modification required machining in-
verted ‘T’ heads into the casing above the blade rows. Figure 3 shows the modifica-
tion used on the Allen G.S. Units 1, 2 and 3. (While the initial investigation was
directed at Allen G.S. unit #2, the improvements were sufficiently successful that
units # 1 and 3 have subsequently been m odified also).

* Radial clearance: Taking advantage of the lighter spring forces above the inserted
seal ring segments, and their ability to mowve radially away (retract) from a ‘rub’ the
radial clearance from knife edge seal to cover band was reduced from 0.055" to
0.032". The original clearances at Allen had been set at 0.055" as shown in figure
3 and the m odified clearances on the Allen units are as shown in figure 3.

* Vortex shedder: A new form of sealing device the ‘Vortex Shedder’,(ref. 4), was
installed on the first tooth of the seal rings abowve both rotating rows 1 and 2. This
form of seal is designed to lower the upstream pressure ahead of the strip, thereby
lowering the pressure ratio across the seal and reducing the leakage steam quan-
tity, (ref.3). The vortex shedder seal is shown in detail ‘A’ of figure 3.

To make these changes required a level of redesign, weld restoration and detailed
shop machining. To do this the casing had to be returned to the TVA Power Services
facilities at ‘Muscle Shoals’. This work was undertaken within a time frame which sup-
ported the planned outage period. However, such maodifications could have been under-
taken on site using a boring bar.

The Dummy Ring Piston Seal System.
The dummy piston is known to be a source of high leakage, and therefore losses.

This is so because steam which leaks at this location bypasses entire portions of the steam
path where it would have generated output. There is therefore a continued interest in mini-
mizing the leakage which occurs at this location and so help maintain the leakage quanti-
ties at, or close to the original design values. To help reduce this loss the seal system for
both the high and low pressure sections of the balance pistons on the Allen units were
redesigned. The redesigned seal system incorporates the following changes.
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* The springs above the ‘T’ head in the stationary portion of the unit were changed
from a ‘hard’ leaf string to a ‘'soft’ close coiled helical. The redesigned spring force
being just sufficient to ensure a seal surface between the ‘T’ head and carrier when
no steam was present in the unit.

* The seal radial clearance was maintained at the original design value, figure 4(a).
However, patented ‘Guardian’ seal strips, (ref. 5)produced from an anti-galling
material, Nitronic 60 (ref. 6) were used at two locations on each seal segment,
figure 4(b). The radial clearance atthe ‘Guardian’ location being reduced by 0.005".
This reduced clearance was to allow the ‘Guardian’ to make preferential contact
with the rotor at ‘start-up’, ‘'shut down’ or during any ‘system transients’. This re-
placement ‘Guardian’ design is shown in detail ‘A’ of figure 4.

Original = SPINGS
Design

Rotor form

Radial Clearance: High Pressure = 0.022"
@) Low Pressure = 0.02

New Design incorporating
'Guardian’ seal strips.

Guardian Seal strips
Radial Clearance: High Pressure = 0.022"
(b) Low Pressure = O\

.005" )
See detail 'A’ Conventional 12%
Chrome strips !

A

The Guardian strip
Nitronic 60

(©) 0.005"
Detail ‘A’

Figure 4
The dummy pressure balance piston of thg Allen G.S. In (a)is the original design format
employed on the high pressure portion and rings of the low. The redesigned system did
not change this ring format, or the number of radial seal strips, but did incoprporate the
‘Guardian’ teeth in each ring.

An advantage of the Nitronic seal strip over a conventional knife edged strip, is that
during any system upset when the rotor vibrates,the ‘Guardian’ provides protection
to the knife edge of the conventional seals in each gland ring. This is done to assist
in the m aintenance of seal clearance under all operating conditions.

* The effect of the reduced radial clearance on the ‘Guardian’ seals was to reduce
the flow coefficient, thereby lowering the quantity of steam flow past them, (ref. 7).
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The Gallatin HP Turbines.
The success achieved with the first Allen unit, allowed a decision to be made to

modify and upgrade the remaining units in that plant, all units being from the same manu-
facturer and of a similar design. These units have now been modified, with the last one
scheduled for modification in the Fall of 2000. There are however some basic design
differences between Allen and Gallatin which require changes from the modifications made
on the Allen units.

The Gallatin Unit #3 & 4 HPT Curtis Stage Blade Vanes.

On the first Gallatin unit to be modified, Unit #4, an effort was made to increase
output further by using a vortex (twisted) vane in order to obtain better energy conwversion
in the expansion passage. While this might have produced marginally more output, the
improvement was difficult to quantify, and the additional cost involved was difficult to jus-
tify. Therefore, the design was produced with constant section airfoils with a smaller radius
of curvature.

The Gallatin Unit #4 Steam Seal Systems.
The differences which existed in the region of the inner side walls of the casing on the

Gallatin units required the Allen Curtis stage seal system be modified. The first row seals
could be applied from Allen with-
out modification, including the in-
creased number of seal strips and Gallatin
the clearances reduced from [ Design

0.055" to 0.032". However,on the
second row there was a bolt hole
though the casing at the horizontal
joint sufficiently close to where the
inverted ‘T’ head slots would be ma-
chined that an alternate form of seal

0.032"

reduced to 0.050"

was required. Therefore, it was nec- Vortex Shedder
essaryto revert to the original form (See figure 3 detail ‘A"
of three part interlocked seal as Figure 5

. . .. The Curtis stage rotating blade row modified tip seal design as
shown '_n flgure S. Wh",e the origi- used on the first Galatin unit. Casing restrictions precluded the
nal design of seal strip, and the  yse of a spring backed seal on the second row, but a ‘Vortex
original design of radial clearance Shedder was used on the firstteeth.

of 0.055"was used the number of
effective seal teeth above the coverband was increased from two (2) to six (6) provding
more effective leakage control.

On the Dum my piston seal system the form of the Allen design, as shown in figure
4(a) could be used.

These modifications were made to the Gallatin Unit #4.

Performance Verification.
Before units which were to be shut down for upgrading modification were removed

from service, performance tests in accordance with the Modified ASME PTC 6.0 code
were conducted to determine the level of performance for each section. These test were

-O-
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conducted with considerable care so that a meaningful evaluation of the improvements
could be made for each section to allow quantification of any gains. These tests would
also supportthe anticipated improvement which TVA had made prior to implementing these
modifications. When these unit steam paths, which were to be modified were exposed,
surface conditions was examined for deterioration losses and existing clearances at all
locations were recorded.

After these units has been returned to service, the same ASME tests were repeated,
and again the total performance of all three sections determined.

The following tabulation summarizes the test results of Allen Unit #1,and what the
effects of the modifications were on efficiency, load and net heat rate of the first unit Allen
Unit #1.

Table 1.
Demonstrated improvements in the three sections of
Allen Unit #1 after return to service.

Turbine Section  Efficiency Kilowatt Heat Rate
% Increase BTU/KW-hr

High Pressure 5.6 5,600 110

Reheat 2.9 2,000 60

Low Pressure. 1.1 1,400 50

That the ‘Gross Turbine Cycle Heat Rate’ had deteriorated on Allen Unit#1 from the
original condition, as determined from a series of ASME PTC-6 tests, run after inm ediately
after commissioning can be seen from figure 6. Here can be seenthe test measured heat
Rate as determined in December, 1960. This heat rate is shown as the valve point as a
function of output, and can be compared to the same characteristics just prior to removal
for upgrading. From Table 1 it can be seen that the heat rate was improved by 220BTU/

Gross Turbine Cycle Heat Ratz

T 8,100 .

E

3 8,000 1 *‘hh“.‘

8 § —-

£ 7900 | Pre Outage Test

x 1/98

g

£ 7800 {

@

S 7,700 .

o T Acceptance Test 12 /60

o Unit 1

5 7,600 L |

= 0 v

@ 7,500 ' ' ' ; » i
8 140,000 160,000 180,000 200,000 220,000 240,000 260,000 280,000

Gross Generator Output (kw)

= 1/98 Test e 12/60 Accpt Hi Load VP Poly. (1 /98 Test)

Figure 6
Gross turbine cycle heat rate as a function of throttle flow in Ib/hour for the Allen Unit #1 both after initial
installation and prior to being removed from service for upgrading.
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kW-hr, of which the high pressure section contribution was 110 BTU/kW-hr, and the output
by 5,600kW. The measured improvement in state line efficiency was 5.6%. No steam
path modifications had been made to the reheat or low pressure sections, but original
clearances had been restored and the steam path elements cleaned.

Having an effect on the high pressure section efficiency and output is the reduction
which can be achieved by the use of an improved seal system and the restoration of the
radial clearance. Shown as figure 7 is the impact of reducing the leakage pastthe dummy
packing on reheat section efficiency. Here it can be seen that by eliminating wasteful
leakage past the dummy, there is a gain in high pressure section output, because more
steam is available in that turbine to generate power in the high pressure section. Also
there is less disruption of flow in the reheat turbine from leaking steam.

92% Reheat Turbine Efficiency vs Dummy Leakage
90% 4
88%
86%
84

82

IP Turbine Efficiency - %

80

78

0 0.0 0.04 0.06 0.08 0.1 0.1 0.14 0.16 0.18 0.2
Dummy Packing Leakage to IP Bowl - (% of IP Flow)

Linear (Test Run #1) Linear (Test Run #9)

A TestRun Test Run #9

Figure 7
The influence of dummy leakage on reheat section efficiency.

Figure 8 shows the measured efficiencies of the reheat section as determined for
Allen unit #1 in December, 1960 and Unit #2 in March,1962. Both tests being conducted
soon after the units were placed in service. This ‘quick test after initial start’ is a require-
ment of the ASME Test Code. Also showninthis same figure is the measured efficiency of
the reheat section recorded from the test on Allen Unit#1,conducted in January, 1998, just

Reheat Turbine Efficiency vs Throttle Flow
(Intercept Valve to #4 Extraction)

E

Acceptance Test 3/62 Pre Outage Test
Unl} 2 1/98
Y . °
0 + c " = ¥
~s . Y () [}

Acceptance Test 12 /60
Unit 1

80 ' ' ' ' ' ' ' ' '
300,000 500,000 700,000 900,000 1,100,000 1,300,000 1,500,000 1,700,000 1,900,000 2,100,000

THROTTLE FLOW (1000 LBS/HR)
aUnitl1Accpt e Unit2 Accpt @ PreOutage ——Linear (Unit 2 Accpt) ——Linear (Unit 1 Accpt)

IP TURBINE EFFICIENCY - IV to #5 (%)

Linear (PreOutage)

Figure 8
Reheat turbine efficiency, showing the effect of dummy leakage increasing section efficiency.
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prior to removal for upgrading. Itcan be seenthis reheat efficiency shows anim provement
over the original test values of both units. This improvement is due to excessive dummy
leakage.

A further consequence of the increased dummy leakage is the degradation of the
high pressure section efficiency, which for any flow quantity means a reduction in output.
Shown as figure 9 is the variation of high pressure section efficiency from these same
original tests, and also to just before removal from service in January 1998.

9% High Pressure Turbine Etficiency vs Throttle Flow
(Throttle to HP Exhaust)

85%

80% Unit 2
Acceptance Test 3/62

75%

70% VWO
65% Test prior just to removal
from service. - January, 1998
60% Unit 1

Acceptance Test 12/60

HP TURBINE EFFICIENCY (%)

55%

50% 1,
600,000 800,000 1,000,000 1200000 1400000 1600000 1800000  2,000000 2,200,000
THROTTLE FLOW (1000 LBS/HR)

Poly. (1/98 Test)

A 1/98 Test  Unit1 Accpt Unit 2 Accpt Seriesl  —
Figure 9
The originally measured high pressure section efficiencies of the Allen unit #1 and Allen unit #2.
Also showing the degradation in Allen unit #1 before upgrading modifications.

Poly. (Series1)

Conclusions.

A decision made by the Tennessee Valley Authority to upgrade the performance
level of an aging fleet of units resulted in the application of new analytical and manufactur-
ing technology in the redesign of the control stage rotating blades. This proved to be a
fortuitous decision in the case of Allen Unit #1, which when removed from service was
found to have cracks in the root steeples, and so provided a suitable candidate for the
upgrade designs.

The seal system around the two row Curtis stage and dummy piston lent themselves
to the use of two new seal designs, the first of which was used on the rotating blade tips
and the second in the dummy piston.

Both the blade vane redesign and the seal systems have contributed to the improve-
mentin the performance level of both Allen units and those at Gallatin. TVA have also now
incorporated these seals with similar levels of success in other fleet units at various loca-
tions within the unit, including at the ‘N2’ packing position. Future plans are to modify
smaller units with a Curtis Stage design due to the success of this program.

Acknowledgment.
The authors would like to thank the Fossil Power Group management at Tennessee

Valley Authority for permission to publish this paper. Also to thank Tom Ayres, Troy
Trousdale, Tim Waters, Marc Word and Rod Dodson, of TVA and Curtis Hall, of Turbo

-12-



UPGRADINGOF EXI STING TURBINE GENERATORUNITS ON THE TVA SYSTEM.

Parts for their shop/site support and detailed design efforts which helped ensure these
projects would work without problems. We would also like to thank the management teams
at both Allen and Gallatin Fossil Plants for providing the funding and support for this en-
deavor.

References.
1. Rehabilitation of Creep Damaged High Pressure Turbine Rotors, By: L. Shuster,
A. Puri of TVA and Tony Lam of STI, ASME PWR Vol-30-1996.

2. Allen Curtis Stage Design: Stress Technologies, Inc. Technical
Report PA883. Undertaken for Tennessee Valley Authority.
Dated Feb. 1995.

3. Martin, H.M: Steam Turbines. Published in ‘The Engineer’, London,
1913, P 1610.

4, U.S. Patent5,735,667. Awarded to W. P. Sanders and A.F. Mitola. ‘Vortex
Shedding Tip Seal’. Dated April 7th, 1998.

5. U.S. Patent 5,599,026. Awarded to W. P. Sanders and A.F. Mitola.
‘Turbine Seal with Sealing Strips and Rubbing Strips.’
Dated Feb. 4th, 1997.

6. Armeco Nitronic 60 Stainless Steel: ARMCO Product Bulletin No. S-45

7. Meyer, C.A. AND J.A. Lowrie lll: The Leakage Thru Straight and Slant
Labyrinth and Honeycomb Seals. ASME Paper &4-WA/PTC-2

8. Advanced Steam Turbine Blading for Retrofit and Repowering Applications, U.
Wieland, A. Kirschner, S. Havakechian and B. Scarlin, ASME Power
Vol. 26-1994.

-13-



