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AGENDA

Intro - Life time calculation (theory)

Steam turbine start up and shut down
< Limitations

< Improvements real examples

Life limiting factors during turbine life time

< Life time assessment (LTA)
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Blades/diaphragms Final stages

erosion/corrosion Water droplet erosion

Pressure differences Inlet steam

Inlet steam e e
Speed
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Type of loads: 2 ™
Static
o casing seals
dynamic rubbing
Temperture
Temperature gradient
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The steam turbine should be able to handle all loads that it might be
exposed to during the design lifetime without inaplicable deformations and
brott apperas.
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Thermal transients,
Static load
and

Dynamic load

Safety and life time aspects
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Typical load profil

- Start — full load - stop
~ 2000 - 10000 cycles
100 000 — 200 000 EOH
Metal temperaturer -30 - 585 C

- Vibrationer

Real loads verified by

- Lab test

- Prototyp testing

- Operational experience ( RDS)
- LTA
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/[\ F For en skovel enligt figur fas spanningen pa grund av

Centrifugal last
o.=F /A ~pLrQ?

bojspanning pa grund av statisk gaslast

Termisk last

a M o, ~ a AT

Q =rpm, P = gas load and z = no. of blades.

T = temperature, o = thermal elognation
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The load on the blade can be general described as

F .
/[\ Pt) =P, +P, sin(fot)

6,=SH, An/dc, = D, o

Dynamic factor depends on type of stage design

o M
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Uncertainties
- Load

- Calculation tool

Belastning Material

- Manufacturing

Brottsannorlikhet

Rel. frekvens

+ Material data

Belastning Material

Brottsannorlikhet

Rel. frekvens

snew

sold
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How can turbine operation be controlled?

What needs to be controlled?

ESV
Power/frequency control o %
with admission steam valves

Steam parameter control @

Operation limitations for turbine protection

P: Power; p: pressure, T. temperature
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Steam turbine

hd

Author/ Department



SIEMENS

AGENDA

Intro - Life time calculation (theory)

Steam turbine start up and shut down
< Limitations

< Improvements real examples

Life limiting factors during turbine life time

< Life time assessment (LTA)

Unrestricted © Siemens 2015 All rights reserved.
Page 10 20XX-XX-XX Author/ Department



Steam turbine start up and shut down
Typical number of starts per year

We thought
Base load
"3 cold starts per year
"6 warm starts per year
n 22 hot starts per year
Peak load
=5 cold starts per year
= 50 warm starts per year

= 200 hot starts per year

Solar plants

= 20 cold starts per year
= 340 warm starts per year

= 20 hot starts per year
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Reality
Base load
"3 cold starts per year
"6 warm starts per year
22 hot starts per year
Peak load
= 50 cold starts per year

= 125 warm starts per year
= 100 hot starts per year

Solar plants

= 120 cold starts per year
= 200 warm starts per year

=5 hot starts per year
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Start category (cold, warm, hot) is chosen based on casing temperature

The start up category depends on stand still time between starts, surrounding
temperature, status on insulation etc
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Large centrifugal loads (static)
Bending/torsion loads

Large thermal loads (LCF, creep)
Material properties

Unsteady steam loads (HCF)
Stress concentration in notches
Corrosion

Erosion

Oxidation

Rubbing
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LP
LP

HP, IP
HP, IP
HP, IP, LP
HP, IP, LP
LP

LP

IP, LP
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Steam turbine start up and shut down

High pressure impulse steam turbine with control stage

€

= 2
e

—7
kgt d
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Start up = operation with specific limitations

Thermal expansion

-> rubbing risk

Author/ Department
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Limited by allowed thermal stresses and clearances

Dependent on

¢ Inlet steam data

« Control concept
 Turbine size and design

* Material
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rotor inlet region

Inlet casing flange

Temperature gradients in material lead to

local plastic strain at fillets or notches
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Z N +D <1 - (safety margin)

N Creep
F
N: Number of cycles
NF: Number of cycles until crack initiation due to LCF (temperature dependent)

N/Nr:  LCF —damage (Palmgren —Miners linear damage rule)

Dcreep: Creep damage (for temperatures T > T*)
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Strain

AN \nhll g I ﬂ /H! Il

AR I g

Cycles N

This is not the material situation in reality!
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Estimated under well

defined conditions

-Load direction
-Load cycles
-Geometry

-Temperature ...

Statistical evaluation
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General
c = ﬁ AT B: thermal expansion coefficient

Radial strain

. expansion outwards

. largest stress in center of body (tensile)

. zero stress at outer wall
Tangential strain

. strain prohibited in outer region > compressive stress

. Less strain in the colder inner region —>tensile stress
Axial strain

. Strain prohibited in outer region > compressive stress

. Less strain in the colder inner region —>tensile stress
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»

Surface 1
strain Start Operation Stop

/

) time

v
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An allowed stress can be expressed as an allowed temperature difference:

Temperature distribution in

AT =T, -T, < AT

allowed

Material needed!
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» measure temperature differences for thick walled

components
« simulation for shaft temperatures [ insulation

* influence on automatic start-up program

ASperm
A
casing wall
start-up
A Sperm measuring probe
Y »
1) g
S
shut-down

Source: internal communication with LSU, 2013
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Reduce material thickness (Barrel design)
Preheat , keep turbine warm
Optimize start up transients (stress evaluator)

Optimize material use (locally better material)
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Improving start up time
Heat losses HP

Temperature through convection

Where does the heat go? depending on surrounding
temperature, insulation condition,
wind, etc

(71N I

WIaRNY sy .
L) A
e/ Oil needed for bearing
: A

Oil needed for bearing ,I ]
D G lubrication constant

lubrication constant .
temperature 40-60C  =TH = e temperature 40-60C
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Temperature through convection depending
on surrounding temperature, insulation
condition, wind, etc —

Oil needed for bearing
lubrication constant
temperature 40-60C Oil needed for bearing
~lubrication constant

temperature 40-60C
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Heating blankets casing
Gland steam

Axial displacment transmitters
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» 5 Zones that will keep the turbine casing warm
» Gland steam to keep the rotor warm
« Supervision of thermal elongation between rotor
and casing:
* No rubbing between stator and rotor
* Equal temperature between casing and
rotor
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» 4 Zones that will keep the turbine casing warm
» Gland steam to keep the rotor warm
« Supervision of thermal elongation between rotor
and casing:
* No rubbing between stator and rotor
* Equal temperature between casing and
rotor
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Improving start up time

Heating blankets
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Solar Field Load

— — Allowed Turbine Load

LOAD

TIME
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urbine shutdown

HP-turbine metal temperature

&

|
IP-turbine metal l
temperature ‘
] |

RILINEAFIFERT Y EN L L

Delta 250C

Delta 100C

P4 hours
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Turbine shutdown

| Delta 150
; | 3
s \ Delta 50C
3 ‘ e L L
B * : i _-_ e _.",‘ y
I -“"".'.\--..:
|
P4 hours 1
< > Imply that a faster start up curve can
: . be used with the same thermal stress
! ‘ and life time influence
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Axial deplacement transmitters
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450,00

400,00

350,00

300,00

250,00
- Utan forced cooling

—— With forced cooling started at 230C

200,00 With forced cooling started at 300C

150,00

100,00

elta 15h Delta 64h

Decreased cool down by 55%

50,00

0,00 T T T T T |
1 21 41 61 81 101 121
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