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Duke Energy Bartow
Report of Telemetry Test for 40” L-0

DECLASSIFIED

March 18, 2015
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Agenda

* Meeting Goal
» Background
» Mitigation
* Telemetry Test
DECLASSIFIED
» Telemetry Test Results

» Operational Limits

» Conclusion
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Goal of Meeting

\

 Provide a technical understanding to Duke
Energy of the telemetry test results and findings.

» Based on the telemetlry test results, provide
basis and definition of new guidelines for the
steam turbine operation.
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Background

» Unit COD was June 2009. From the time of commissioning
until Spring 2012, ST operated up to 450MW.

+ March 2012: Five governor end L-0 blades had fretting and
cracking at mid-span stub.

» All governor end L-0 blades were replaced in March 2012.

» Mitsubishi estimated the cause of cracking was overloading

of LP section based on 450MW operation which is over the
design point of 420 MW.
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Background DECLASSIFIED

Mitsubishi recommended that Duke operate ST at or below 420MW to
ensure proper loading on the L-0 blades.

Mitsubishi evaluated modification of L-0 blades to increase output from
420MW up to 450MW and a proposal was presented to Duke in September
2013.

Modified blades were tested in Air jet test facility in Takasago, Japan in
August 2014 to ensure blade vibration frequencies have not been changed.
Duke representative witnessed the test.

New improved blades were installed on Bartow LP rotor and a telemetry
test was performed in December 2014 to study blade response in actual
steam turbine.
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Mitigation Plan

DECLASSIFIED

Stub Deformation
and/or Tilting at
higher load

Vibratory Impéct by
Partial Latching

Un-expected High
Resonance
Vibration

Random Vibration

Mitigation 1

Crowning

Mitigation 2
Improved Gap
Control

Styb Contact Surface

Mitigation 3

Stellite coating

Mitigation 4
Telemetry Test

Transroiftar -

Transraltting
antenng

Biada
Strain gauge

Rolor

Receiving antenno
Batoncing hole

Actual operation
condition is
measured.

Edge of stub 4-points Stellite coating by
surface is rounded measurement is HVOF is provided
and chamfered. performed. on stub surface.
- -
r Mitigated High Local Stress :r i
. | =
t '
s High
| Durability
I 3 against
| Fretting
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Shroud Chipping Resolution DECLASSIFIED

» Along with mid span damage, Edge
chipping on the shroud was
observed on Bartow blades.

« As a countermeasure, a chamfer is
applied to reduce stress
concentration cased by blade twist
and contact pressure.
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Telemetry Test of Last Stage Blades

 Vibratory stress of moving blades are
measured by telemetry system.

Blade . Transmitter .

» Strain gauges and transmitters are Strain gauge
mounted on blades and rotor.
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/' Radio wave

* Transmitting
antenna

Receiving antenna

Transmitting antenna Balancing hole

Rotating parts - \\Strain Gauge
Strain gauges > Transmitter
i
Buttery
Stationary parts
Receiving antenna
Stress wave
T .
receiver ——>  —lpe- ransmitter Battery Battery
1
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Purpose of Telemetry Test ~ DECLASSIFIED

« Air jet test performed in Takasago validated the natural frequenCIes of the
blades.

« The purpose of the telemetry test in Bartow unit is to study blade
response in actual steam environment.

» As the steam turbine operates at various operating conditions, hence
blade response was studied at different combinations of load and
condenser pressure.
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Strain Gage Locations ﬁﬁ
'5:. Dynamic strain gauge(Tip)

« Six strain gage were installed on LH and RH
blades.

"~ Dynamic strain gauge(Mean)

« Strain gage locations were selected
> High response sensitivity for vibration
modes.
» Based on MHPS Experience

Dynamic strain gauge(Base)

Batow Telemetry Tast

Bartow Telemetry Test RH
LH GEN side
GOV side {view from L-Ooutlet} @ : Balance weight

® : alance waight
@ : Capsuie fortelemetry test
@ : strain gauge

@ : Caspule fortelemetry test
\Rmaﬂon @ : straingauge
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Test Plan

| ( Telernetry test of 450MW \ r \ [ Ii ]
450MW
— == Telemetry test of 435MW —_—
43SMW
o= Telermetry test of 420MW / / \
420MW 30min 1::)“5-1 . Na,:'-x N,
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Telemetry Test Operation Area

Based on the procedure, No.1 and 2 were examined.
However, there is a high response area in orange color.
5 ' Test No. 3, ' and 5 were executed.

O

el e e o = . = - — - -

1. Start up, heat soak and loading test at high vac
2.Vacuum change test at over rated output power
3. Vacuum change test at lower output power

-

et

5. Vacuum change test over rated power 3

Vacuum [inHg]

_ -

O | ~ DECLASSIFIED | |
0 100 200 300 400 ‘ 450MW - g0

Output Power [MW] 420MW
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Outline of Telemetry Test DECLASSIFIED

Telemetry test
6 —% —r check points (every 10sec)

High response area

(black dots)

- —m

5 e T

Bartow actual operation data after previous
outage at March-2012*(blue dots)

£
e

Vacuum [inHg]
Lt

M

Bartow actual operation data before previous /
outage at March-2012(red dots) j

o L I e T

e b o

b i m b e e e e

e o o o R v e

0 100 200 300 400 500
Output power [MW] 450MW
420MW
(rated output)
* Stub damage was found at March-2012
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Telemetry Test Results

Air jet test
500

. _ == =Predictions
» Vibration modes of telemetry test T T T——

are good in agreement with the air //

jet test results.

Non-synchronous
vibration
(Random vibration)

DECLASSIFIED

« There is no abnormal response in the start up process including heat soak.
« Small responses of non-synchronous vibration (random vibration) are observed at rated
speed. Some of them have high response at specific loading and vacuum.
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Test Results DECLASSIFIED

« Analysis of Non-synchronous response show frequencies close to
200Hz region and composed of axial mode shape with higher nodal
diameter.

* Fretting at stubs was evaluated with the telemeter test results.

OND

2ND 3ND

Mode Shape
Similar to 1%t Mode

BND

Nodal Diameters
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Procedure for Fretting Fatigue Evaluation

| Stub_pontact situation

ngher Iocal contact stress causes
higher local vibration stress

Vibratory stress
evaluated with the
telemeter test

o

v,measured

A 4

Fretting fatigue
limit

Oallowable

Coating affect is
Evaluated

e
<

Coating on
stub increase
fretting
fatigue limit

Mitigation 3

Stellite coating

: .| Vibration stress on stub
! | for fretting fatigue
Mmgatlon 1 & 2 decrease | Op
local contact stress
|
Mitigation 1 Mitigation 2 | | ]
Crowning Improved Gap :
| Safety factor
| = c)-allowable / C)-D
surfEa?:geei: gl.tsl:\Zed mea:;'::imn;snt is DEC LASSIFIED
and chamfered. performed.
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Test Results DECLASSIFIED

Stub fretting evaluation at all tested region was conducted.
3 key evaluation points are shown :

« PointA : Max loading after 2012 load limitation.

« PointB : Minimum safety factor point during the telemetry test.

* Region C : Unexamined area due to high vibratory response observed during the
telemetry test.

Point B achieved acceptable stress and safety margin after the stub coating.

Region C exceeds the stress limit and safety margin after the stub coating becoming the
avoidance zone.

6 T 7 T T - Ma =0

H i ! 1
¢Beforeload limitation | | : / P ; Region C
i  After load limitation Point A | ! High response area
ST T (Maximum loading zone = 3 (Avoidance Zone)
after Ioad I|m|tat|on) =3
—
a | p . - /i‘j
4
£
3 T
g © Ma=0.87
g
>

' Pomt B
(Boundar* of Avoudance Zone)

j |

0 2000 4000 6000 8000 10000 12000 14000 16060 18000 20000
End loading [Ib/ft2/hr] 16’200
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Results: Stub Fretting Fatigue Evaluation

« Based on Fretting Fatigue analysis, avoidance zone was created for safe

operation of the LO blades.

131psig

Ib/hr/ft2

* The avoidance zone is defined by actual operation data, telemetry teyr 000

results and loading limitation by 17,000 Ib/ft?/h.

———————la
i
(%}

-
..
o,
~,
= '~

6 ;," : 5
L T 4.5
2 ‘3
i E
]
i g 4
4 —-1----_?5 =
T i 835
=,
3 - 3
§ a
2 ' 2.5

Allowable operation zone

Output power [MW]

7126psig 2 131psig |
/ 6,200 Ib/hrftz ~17,000 b/hr/ft2 |

| -
”-
i ‘F‘
ol
- il e o - —-——
)
1
{ R

0 L | | : i H E I

, i
0 . 2000utput [Mw:;oo 400 500 P inlet pressure
power
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40” LO Blade Limits DECLASSIFIED

» Based on Fretting fatigue and HCF evaluation of the blade below
“Avoidance Zone” is established
5.5

. 131psig
17.000 lbhifz Safe Operation Zone:
Continuous operation permitted.
------ g SRR —48inHg  Avoidance Zone:

s Operation is not recommended.

| Alarm Limit

(42inHg)  Above Alarm Zone:

Short term operation is permitted
| between 4.5 inHg and 4.8inHg
3.5 AN Sode 0 EEm with LP inlet pressure limit of

e 131psig during peak power
seasons in summer.

- — e

Vacuum [inHg]
P

Note : Output can be increased through
460 € higher HP Section Loading

131 psig Discussed Later
QOutput power [MW117,000 io/hr/it2 ( )
126 psig
16,200 Ib/hr/ft2 - L o m— B
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Plan of blade inspection at the next outage

Annual visual inspection of shroud and stub is recommended. This can be
performed by access through man-way.

[ Stub ]

Inspect the coated surface for any abnormalities.

Bending test have proved that any crack that
initiates in the coating will not propagate into base
metal. So any cracks observed on the surface Lt
should be acceptable.

[ Shroud ]
Confirm the condition of shroud.

a MITSUBISHI HITACHI This d and any s contain p y ion and are the sale and axclusive property of Mitsubish Hiacht Power Sysiems Americas,
| - Ing . {(MHPSA). Your recsipt of this information is an acknowledgement of a confidential relationship bebmeen you snd MHPSA Tivs information is to be used
20 solely by you for the purpose for which il 1s fumished Neither these documents, nor any information obtained there from ts to e ve'zséﬁd_ b nm y !
POWE R SYSTE M s disclosod. diecussed vath any Ihid parly. or used ciherwas, in whole of m perL sthout et seoaan fe avrens “miten Ao B R O LAAIEL 00576 %@ﬁ"_
e © 2014, Mitsubishi Hitachi Power Systemns Americas, Inc. Proprietary. Al Rights Roserved. .



Operational Limits — Background DECLASSIFIED

» Bartow Steam turbine was designed to operate at 420MW.

* A Heat Balance diagram providing max operation (420MW) thermal
conditions was provided as a part of the thermal kit.

* During the performance test in 2009, using the 420MW thermal
conditions, the unit was able to reach ~402MW.

« The investigation pointed to larger discrepancy between pressure and
flow measurements.

* |t was concluded that the flow measurements were incorrect by up to 5%.

» As pressure measurement accuracy is much better than flow

measurement, hence pressure data was used and flows were calculated
using design pressure-flow curves.
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Operational Limits— Background

« The purpose of the Telemetry Test is to find a safe range of last stage
blade loading.

* An experience based limit for 40” last stage blade loading is 15,000
Ib/hr/ft2.

« Design limits for the steam turbine interface points are provided to Bartow
via document T4-A6891.

« Total output from the steam turbine is the sum of power from HP, IP and
LP sections.

« Same power output can be achieved with different loading on HP, IP and
LP sections but interface limits listed in T4-A6891 should be followed to
keep BoP operation within design limits.
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Operational Limits DECLASSIFIED

« Bartow informed MHPSA that following the limits on 420MW HBD, the
unit can not achieve more than ~400MW.

« MHPSA re-evaluated the HP, IP and LP steam path against the limits
specified in T4-A6891.

420 MW  Limits per

y HBD T4-A6891
« 420MW HBD steam conditions are Flow [Ib/hr] 2,195,420

|Ower than T4"'A6891 ||m|tS Temperature [F] 1027.5 1056

Pressure [psig] 2241 2375
Flow [Ib/hr] 2,255,203 -

« The conclusion of the study was that it Temperature [F] JEEUES 1056
is ok to operate the HP, IP and LP skl o] 2L 569

ti to the limits specified in T4- | , |ty 235430
Sections up P Temperature [F] 676.5 630
AG891. Pressure [psig] 112 128
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Operational Limits

Based on the study MHPSA relaxed the IP and LP inlet pressure
conditions

HP Admission Pressure 2240 PSIG
IP Admission Pressure 569 PSIG [Was 532 PSIG]
- LP Admission Pressure 128 PSIG (Note 1) [Was 118 PSIG]
LP Steam Flow 2690 KPPH (Was 2582 KPPH based on

LP Condensate Flow)

Condenser Backpressure Alarm 4.20 inHgA
Generator Megawatt Output 420 MW

Note 1: LP Admission Pressure shall be measured using ORCAODSE1101, IP Exhaust Pressure
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Operational Limits DECLASSIFIED

» Based on LO blade review for operation above 3 inHg, maximum allowed load on LO
blade is set at 16,200 Ib/hr/ft2.

» Review of test data shows that 16,200 Ib/hr/ft> can be achieved with LP inlet pressure
of 126psig and unit output as 426.7MW. (12/22 17:30HTrs)

« With constant LP inlet pressure, variation of power output is observed. This is largely
related to loading change in HP and IP sections.

+ |If more steam is put through HP section, higher output greater than 426MW can be

achieved by keeping LP inlet pressure under 126psig or LO blade loading under
16,200 Ib/hr/ft? .
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| i | Limits
Operational Limi DECLASSIFIED

2.3 [ ; ;
E ? P g * HP Admission Pressure : 2240 psig
5 r S it A 0 D «  |IP Admission Pressure : 569 psig

T F— | T— | 4.8inHg
. o LP Admission : Max 126 psig for
o 4.5 — 4.5inHg exhaust pressure up to 4.3 inHg
E | Alarrr_m Limit
i (4.2inHg), | p Admission : Max 131 psig for
E 4 DR LS | exhaust pressure < 3 inHg
g | ; ) T2 | | (Customer to confirm BOP capability
8 3.5 EAEN 20260 £ L for 131 psig LP Inlet System.)

N «  Exhaust Pressure Alarm: 4.2 in.Hg
3 B e . -~ 3.0 inHg . Max Gen Output : 450MW
Above Alarm Zone:
2.5 e — Short term operation is permitted between 4.5
380 460 inHg and .4.8inl-lg with LP inlet pressure _limit
of 131 psig during peak power seasons in
Output power [MW] . summer.
126 psig 131 pS’Ig
16,200 Ib/hr/ft2 17,000 Ib/hr/it2
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Conclusion DECLASSIFIED

* Duke Energy and MHPSA have successfully completed the telemetry
test to study the 40" LO blade response in actual steam environment.

« High stresses have been observed with blade loading above 16,200
Ib/hr/ft2 combined with condenser pressure between 3 inHg and 4.5
inHg.

« MHPSA has worked to allow steam turbine to produce 450MW at
maximum possible operation ranges and keep the steam turbine
components safe.

« New operation conditions in terms of HP, IP and LP steam turbine inlet
conditions are provided to Bartow for safe operation of the steam
turbine.

- MHPSA is thankful to Bartow Power Plant team for their extraordinary
support during the test.
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