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Background to the project

• Future need of more efficient 
energy production.

• Increasing demand on materials 
high-temperature performance.

Gärdstadverken Linköping. 
Photo Åke E. Lindman
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– KME 701

• Strain controlled fatigue part 

• Load controlled dwell time

• Temperature: 700°C

• Dwell time: 0, 100, 300, 600 and 1800 seconds

• Strain amplitudes: 0.25%-0.5%

• Pre-ageing: 700°C for 2000h

• Creep and fatigue interaction

KME 801 - Background of the project: KME 701



• Thermomechanical fatigue

– KME 701

• Phase-shift: in-phase (IP) 

• Heating/Cooling rate: 5°C/s

• Maximum temperature: 800°C

• Minimum temperature: 100°C

• Dwell time: 5min

Long-term ageing before TMF testing

• Temperature: 800°C

• Time: 2 000 hours

KME 801 - Background of the project: KME 701 MARCH 14, 2019 7
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a) b)

Cyclic hardening/softening curves, for Sanicro 25. a) Virgin material b) Aged material

TMF: Sanicro 25

KME 801 - Background of the project: Results from KME 701
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TMF Testing: Sanicro 25 – Failure mechanisms

Micrograph of pre-aged Sanicro 25 with ∆ε𝑚𝑒𝑐ℎ =
0.6%.~450 cycles.

Micrograph of virgin Sanicro 25 with ∆ε𝑚𝑒𝑐ℎ = 0.8%.
~400 cycles.

KME 801 - Background of the project: Results from KME 701
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TMF-Testing: Sanicro 25 – Failure mechanisms

EDS analysis of aged Sanicro 25 with ∆ε𝑚𝑒𝑐ℎ = 0.6% ~450 cycles.

KME 801 - Background of the project: Results from KME 701
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a) b)

Cyclic hardening/softening curves, for Esshete 1250. a) Virgin material b) Aged material

TMF: Esshete1250

KME 801 - Background of the project: Results from KME 701
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TMF-Testing: Esshete 1250– Failure mechanisms

Esshete 1250 EBSD mapping (IPF colouring with grain boundary contrast) of main crack (transverse 
loading direction) for the, (a) virgin specimen (εmech = 0.6%), (b) pre-aged specimen (εmech = 0.4%)

KME 801 - Background of the project: Results from KME 701
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KME 801: Project plan – Materials

Alloy C Mn Cr Ni Mo Cu Co Nb V Fe

Sanicro 25 0,07 0,47 22,3 24,9 0,24 2,95 1,44 0,52 - B

Esshete1250 0,1 6,3 15 9,5 1 - - 1,0 - B

B = balance

Sanicro 25 and (Esshete 1250) and one ferritic stainless steel as reference.
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Project plan – Main activities

• Part 1: Thermomechanical fatigue testing 

– Task 1-1: Long term ageing before TMF testing

• Temperature: 600°C, 650°C and 700°C

• Time: up to 10 000 hours

– Task 1-2: Thermomechanical fatigue testing

• Out-of-phase (OP)

• Heating/Cooling rate: 5°C/s

• Maximum temperature: 700°C

• Minimum temperature: 100°C

• Dwell time: 5min

– Microscopy investigation: Light optical microscopy (LOM) and scanning electron microscopy (SEM) 
techniques (ECCI, EBSD) to analyse the deformation and damage mechanisms
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• Part 2: Fatigue behavior and creep resistance

– Task 2-1: Long-term ageing before crack propagation and creep testing

• Temperature: 600°C, 650°C and 700°C

• Time: up to 10 000 hours

– Task 2-2: Fatigue crack propagation testing

• The cracking behaviour due to low cycle fatigue

• CT-specimens

• PD-monitoring

• Temperature: 650°C and 700°C

– Task 2-3: Creep testing

• High and low load 

• Temperature: 650°C and 700°C

– Microscopy investigation: Light optical microscopy (LOM) and scanning electron microscopy (SEM) 
techniques (ECCI, EBSD) to analyse the deformation and damage mechanisms
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• Part 3: Influence of welding and ageing on toughness

– Task 3-1: Long-term ageing before crack propagation and creep testing

• Temperature: 600°C, 650°C and 700°C

• Time: up to 10 000 hours

• Condition: Virgin and welded material

– Task 3-2: Influence of welding and long-term ageing on toughness

• Temperature: 25°C (RT)

• Impact testing: Charpy V 

• Fracture toughness testing: CTOD (Crack tip opening displacement)

– Microscopy investigation: Light optical microscopy (LOM) and scanning electron microscopy (SEM) 
techniques (ECCI, EBSD) to analyse the deformation and damage mechanisms
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• Part 4: Design feasibility study

– Task 4-1: Stress analysis comparison

• Stress analysis results from Sanicro 25 and Esshete 1250 compared to ferritic stainless steel

• FE models of the application
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Project goals
The main purposes of this project are to evaluate the mechanical behaviors for structure safety and 
integrity analysis, namely:

1) To evaluate thermo-mechanical fatigue properties of new materials of critical components for safety 
and life evaluation since the biomass-fired power plants can start/shutdown quite often during service 
for energy saving and flexibility purposes in the future.

2) To evaluate the fatigue crack propagation behavior of new materials used in safety and reliability 
considerations since the material of critical components can undertake low cycle fatigue during the 
service.

3) To evaluate the creep resistance of new materials used in safety and reliability considerations since 
the material of critical components can undertake creep during the service.

4) To evaluate the structure stability and the toughness of welded and aged material after long term 
service at high temperatures for safety analysis.

5) To evaluate the new candidate material compared to currently used materials using FE-models of 
the applications.
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