October23™: 2014

Summer UTSR Presentation

Andrea Bollinger
Siemens: Materials and Technology Department
University of Florida, Graduated 05/07/2014

Currently Attending Colorado School of Mines

Restricted © Siemens AG 2013 All rights reserved. http://siemens.com/energy/power-generation/gas-turbines




SIEMENS

Thermal Barrier Coating Trials

Hot Engine Environment
Thermal Barrier Coating (TBC):

- Used to protect metal of
blades from high temperatures Bond Coat

- Used to adhere the TBC 10 |ternally Circulating Cooling Air
the blade’s metal surface

TBC

Possible Advancements:
- Higher temperature stability
- Simplifies production
- Longer lifespan

Temperature

Distance from Surface
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Thermal Barrier Coating Trials

Project: Testing Rig
- Testing new Bond Coat
and Thermal Barrier Coating IR Camera

combinations
- Focus on adhesion and @ %
expansion characteristic

<:> TBC <:> % Cooling Air Jet
>  BondCoat —

Thermal Barrier
Coating Bent
Plate Sample

Torch
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Presenter
Presentation Notes
- TBCs are ceramic coatings used to protect blades from the high temperatures inside Turbines and Bond Coats are used to adhere them to the metal
Siemens is attempting to develop the next generation of TBCs and BCs to achieve better protection at higher temperatures over a longer lifespan
To test new combinations (describe rig) to imitate an internally cooled in service blade, run through cycles imitate start stops
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- Sample sectioning and polishing in
preparation for inspection
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Presentation Notes
My part of project was preparing samples to be inspected
Drizzle in epoxy, slow speed saw, cutting difficult 
polishing long (1hr)
Inspection in SEM


SIEMENS

Project:

- Evaluate hazards of continued
operation for a turbine casing with
~100,000 equivalent baseload hours
Hazards:

-Graphitization / Spheroidization
- Loss of strength

Cross section location

Inlet (A) axial \ Outlet (D) axial
location location

Inner Diameter (10

Cuter Diameter (O0)
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Aged Material Evaluation

Participation:

- Sectioning and polishing
- Hardness testing and tensile
strength estimations
- Etching, Metallography and
analysis of microstructure

- Analysis of size and distribution
of Graphite nodules

Determination:

- No immediate danger in
continued operation

- Indication of development of a
possible hazard, yearly re-
evaluation advised

Low Temperature Inlet Section
e - 5y

Pearlite

- Nodules

Spheroidized
; (_ Carbides
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Presentation Notes
Scoop samples were takes from the inner diameter of the inlet and outlet turbine sections of an industrial gas turbine that had been in operation
The microstructure of each was characterized as was their tensile strength to see if the still were safe for operation
The lower temperature inlet material had a structure and strength still acceptable for virgin material and was definitely safe to operate
The higher temperature outlet section on the other hand had degraded significantly. The strengthening pearlite phase had degraded into weaker spheroidized carbides and a damaging graphite nodules. Its strength had fallen below that required for new material, but not into the danger zone for continued operation.
Graphite nodules can link to chains and form sheets causing localized brittleness,
Determined inspect again in another 10,000 hours to see evolution of graphite structure  and strength loss.
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Blade Fracture Analysis

5.000 mm

Project:
- Analyze and discover cause of
cracking in two Row 2 blades

Participation:
- Sectioning and polishing
- Optical Microscopy

- Ay A
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T ey T
2132 mm | . -

D: 1.956 mm
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Presentation Notes
Two in service row 2 blades were found to have cracks during an inspection and were replaced, the cracks were on the trailing edge  on both the pressure and suction sides of the blades, (a known high stress area)
   A failure analysis was requested to determine if the failure was due to a materials flaw or overloading of the design
-Optical microscopy was used to characterize the crack.
- Metallography was used to measure grain size, SEM of gamma prime size (little precipitates), EDS of fracture surface and microcracks to see oxide composition, find origin search for for bad elements like sulfur of carbides


SIEMENS

Blade Fracture Analysis

Fracture _Surf_ﬁace

Participation:

- Scanning Electron Microscope (SEM)
Imaging

- Energy-dispersive X-ray Spectroscopy [RASEEER
(EDS) elemental mapping.

Surface of Inner Wall

600 pm
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Blade Fracture Analysis

Participation:
- Optical Microscopy and SEM Imaging
- Grain Size Analysis
-y’ Size analysis
Determination:
- No materials flaw detected
- Failure due to overstress in the design

Microcrack

Fracture Surface
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Presentation Notes
Two in service row 2 blades were found to have cracks during an inspection and were replaced, the cracks were on the trailing edge  on both the pressure and suction sides of the blades, (a known high stress area)
   A failure analysis was requested to determine if the failure was due to a materials flaw or overloading of the design
-Optical microscopy was used to characterize the crack.
- Metallography was used to measure grain size, SEM of gamma prime size (little precipitates), EDS of fracture surface and microcracks to see oxide composition, find origin search for for bad elements like sulfur of carbides



Questions?

Thank You

TBC Advisors Fracture Analysis Advisors Lab Operations Management
Dr. Cora Schillig  Dr. Keneth Star Vinay Jonnaladda

Neil Hitchman Dr. Zafir Abdo Joshua Rolland
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