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1. Overview and Importance of Stress 
Analyzer/Consumed Life Monitoring 

Technology
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Introduction

ü The demand for operational 

flexibility of existing power plants 

has significantly increased over the 

last decade due to incentivized 

growth of power generation from 

renewables and CCPP.

ü Thermal stress in steam turbine 

thick-walled elements (the steam 

turbine rotor in particular)

is a major limit on the flexible 

operation of steam turbines

Fig. GE Steam Turbine for CCPP 
http://www.directindustry.com/prod/ge -steam-turbines/product-116289-1619774.html
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Importance of Stress Analyzer/Consumed Life Monitoring 
Technologies

Power Plant Technology Hard Coal Lignite-PP CCPP

Load gradient %Pn/min 1.5 1 2

Minimum load %Pn 40 60 50

Hot startup (<8h standstill) h 3 6 1.5

Cold startup (>48h standstill) h 10 10 4

Table. Typical start-up specification with Pn as nominal power (published by VDE, 2012) 

Conflicting Requirements for CCPP Steam Turbine Design

ü Accelerated starts

ü Operation flexibility 

(frequent start-up events)

ü Long service life

Design Lifetime vs. In-field Actual Operational Lifetime

ü Lifetime design requirements are based on theoretical start-up curves

ü Actual start-up parameters usually differ from theoretical parameters 

ü Lifetime consumption must be corrected
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Importance of Stress Analyzer/Consumed Life 
Monitoring Technologies
ü The requirement of high operational flexibility in power plants and difference between theoretical 

and actual start-up operation data creates a need for utilization of online systems for monitoring and 

controlling the damage of critical components

ü Such systems make use of different measurements and mathematical models enabling calculation of 

thermal stresses and their continuous control

ü Main purposes of online stress control: 

ü Assess the actual stress level in the steam turbine

ü Protect steam turbine from high thermal stress by monitoring steam temperature and flow 

during transient and steady state operation

ü Ensure the shortest possible steam turbine start up time for a guaranteed number of startups



ü Fatigue (LCF, HCF)

ü Creep 

ü Creep-Fatigue Interactions 

ü Corrosion 

ü Stress Corrosion Cracking (SCC) 

ü Mechanical Damage (erosion) 

ü Thermal Aging (carbide coarsening/inclusion 

growing) 

SoftInWay: Turbomachinery Mastered 8

Damage Mechanisms that Determine Component Life

Common damage mechanisms in the 

materials of turbine components:

Fig. SCC of a Steam Turbine Disk Dovetail

Fig. Damaged Steam Turbine Disk

Fig. Damage of Turbine Shaft

Source: http://pubs.sciepub.com/ajme/3/6/23

Source: http://pubs.sciepub.com/ajme/3/6/23
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Damage Mechanisms that Determine Components Life

Fig. Broken Inlet Steam Pipe Due to 

Fatigue in a Position Exposed to High 

Temperature and a High Stress Level

Fig. Creep Damages (micro 

cracks 400 ˃ Ƴ- 2 mm



ü Thick-wall turbine elements are prone to thermal fatigue caused by 

unsteady-state alternating thermal stresses arising at the transients

ü Rotors

ü Valve steam chests

ü Nozzle-boxes

ü Casings

ü Casing rings
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Turbine Damages Caused by Transients

1. Thermal Fatigue of Thick-wall Turbine Design Elements

Fig. Temperature Difference in 300 MW Steam Turbine HP Rotor During CS

Axial temperature difference

Radial temperature difference

ü Thermal stresses are caused by non-stationary temperature differences across the thickness of the element

ü HP-IP rotors (critical elements for steam turbines) 

ü Radial temperature differences in rotor steam admission sections should be used as the leading indices 

ƻŦ ǘƘŜ ǘǳǊōƛƴŜΩǎ ǘŜƳǇŜǊŀǘǳǊŜκǘƘŜǊƳŀƭ-stress

ü Continuous monitoring of these temperature differences should be arranged by means of mathematical 

modeling of the rotor heating based on the measured heating steam temperatures
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Turbine Damages Associated with Transients

2. Brittle Fracture of Rotors

ü Most incidents happened during start-ups

ü Caused by a gradual growth of hidden flaws in 

the rotor metal under combined action of the 

tensile centrifugal and thermal stresses

ü Especially dangerous for large IP-LP rotors

Fig. Shaft breakage sections (1-8) of the 300 MW steam turbine 

(Kashirapower plant, 2002)

Fig. Failure of the Medium-Low-Pressure Rotor of a 

Steam Turbine (Gallatin, Tennessee, USA, 1974).

ü Rotor Failure examples:

1) Medium-low pressure rotor (Tennessee, USA)

2) 300-MW supercritical-pressure steam turbine 

of LMZ at the Kashirapower plant
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Turbine Damages Associated with the Transients

3. Stress Corrosion and Corrosion Fatigue Cracking

ü Evident in the phase transition zone of the LP cylinders

ü Main factor causing crack creation and propagation is 

anodal dissolving of metal in the crack root

Fig. Typical Locations of SCC 

Damages (LP turbine discs)

Fig. SCC at a Disc Rim in the 

Blade Attachment Zone

4. Solid-Particle Erosion

ü Caused by oxide scale that exfoliates from high-temperature boiler surfaces, including superheater/ 

reheatertubes, outlet headers, main / reheat steam-lines

Fig. Crack Damage on the LP-м ǊƻǘƻǊ ƻŦ !9DΩǎ 

660-MW Wet-Steam Turbine at Würgassen



ü Great temperature unevenness lead to plastic deformation at the transients arising in: 

ü HP-IP casings

ü Casing rings (HP-IP cylinders)

ü Diaphragms (HP-IP cylinders)

ü Key factor - the quality of running the transients

ü Also caused by metal creep with stationary temperature differences
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Turbine Damages Associated with the Transients

5. Plastic Distortion of Casing and Other Stator Elements

Fig. Bow of Casing Towards TopFig. Transverse Deformation of Casing

6. Casing Deformations: Humping or thermal bend of the casing upward
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Turbine Damages Associated with the Transients

7. Water Induction into Turbines

ü Most frequent sources are: 

ü Main and reheat steam-lines and their spray at temperatures

ü Can also descend from drainage lines of the main steam-lines, crossover pipes, and cylinder casings

ü Sometimes, water and/or cold steam enter turbines through the end gland seals

8. Overheating of Turbine Components Caused by Windage

ü Regimes characterized with low flow and high rotation speed when turbine stages operate in 

ŎƻƳǇǊŜǎǎƻǊ ƳƻŘŜΩ - Ventilation effect

ü - LP Blades

- LP Rotor

- LP Exhaust Hood
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Fatigue of Major Steam Turbine Components

Fig. GE 109D-14 

Steam Turbine 
(http://gm -

volt.com/tag/109d-14-

steam-turbine/)

HP and IP turbine rotors and casings
LCF due to starts and shutdowns.

Creep damage due to stationary operation

Main and reheat turbine valve casings 
LCF due to starts and shutdowns.

Creep damage due to stationary operation

LP turbine rotor 
LCF due to starts 
and shutdowns

IP-LP bypass valve 
casings LCF due to 
bypass operation

Stress Analyzer Technology 
for HP-IP components
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2. Steam Turbine Components Thermal 
Stress and Life Management in the Design 

Stage
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Mathematical Modeling of the Heating up Process
- Methods
ü ¢ƘŜ ǘƘŜǊƳŀƭ ǎǘŀǘŜ ƻŦ ǘƘŜ ǎǘŜŀƳ ǘǳǊōƛƴŜΩǎ 

components during transients is a critical 

issue in thermo-stresses 

evaluation/monitoring

ü Methods:

ü Heat conduction equation analytical/    

numerical solution

ü Simulation using analogous devices

(electrical analogy)

ü Mathematical modelling: 

ü Transfer functions

ü FDM

ü FEA

ü Experimental

Fig. 40MW Steam Turbine HPIP Rotor Heating During Cold Start-up


