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Advanced Thermal Barrier Coating System Development 

Program Objectives 

The objectives of the program are to provide an improved TBC system with increased 
temperature capability and improved reliability relative to current state of the art TBC 
systems. The development of such a coating system is essential to the ATS engine 
meeting its objectives. 

The base program consists of three phases: 
Phase I: Program Planning - Complete 
Phase 11: Development 
Phase 111: Selected Specimen - Bench Test 

Work is currently being performed in Phase 11 of the program. In phase 11, process 
improvements will be married with new bond coat and ceramic materials systems to 
provide improvements over currently available TBC systems. Coating reliability will be 
further improved with the development of an improved lifmg model and NDE techniques. 
This will be accomplished by conducting the following program tasks: 

II. 1 Process Modeling (deleted) 
II.2 Bond Coat Development 
II.3 Analytical Lifing Model 
II.4 Process Development 
11.5 NDE, Maintenance and Repair 
II.6 New TBC Concepts 

Phase III of the program will proof test the best of the newly developed TBC systems on 
representative sections in a test passage at the Westinghouse Science and Technology 
Center. 



Technical Progress Report 

Task 11.2 Bond Coat Development 
The HVOF process for bond coat deposition was found earlier to be particularly 
sensitive to starting powder particle size and distribution. In efforts to obtain 
acceptable bond coat surface roughness and coating densities, MCrAlY powders 
of differing particle size distributions were examined through a series of 
optimization runs. Based on the optimization runs, the two best HVOF bond 
coats were deposited on test pins with APS TBC top coats for furnace evaluation. 
Testing of the optimized coatings is on-going. 
Furnace testing was completed for interface modified LPPS CoNiCrAlY coatings. 
The interface modification was seen to increase the APS coating life by a factor of 
2 when compared to the baseline APS coating. 
Interface modification of the LPPS CoNiCrAlY bond coat was not found to 
appreciably alter coating performance when EB-PVD was used for top coat 
application. 
Test samples with EB-PVD bond coats and top coats were fabricated. Furnace 
testing is in progress. 
Accelerated furnace testing of slurry modified bond coats was completed. The 
slurry was found to decrease the coating surface roughness resulting in poor 
coating performance. 

Task 11.3 Analytical Lifing Model 

During this report period SwRI improved the lifing model to account for bond 
coat creep, and finalized the central equation in the TBC life prediction program. 
The current model now accounts for (1) bong coat oxidation, (2) TBC sintering, 
(3) specimen curvature, (4) bond coat roughness, and (5) bond coat creep. The 
model was applied to burner rig data published in the Pratt & Whitney HOST 
report. The model has also been exercised using the duty cycles for a G-type, and 
an ATS engine, and the strain ranges and damage in the individual layers have 
been calculated. 
The remaining compression data of EB-PVD YSZ has been collected. A 
significant amount of plasticity was seen. The compression tests on free standing 
TBC’s have been performed up to strain ranges beyond those of the P&W HOST 
report. 
The majority of the LCF testing has been performed. The specimens are simple 
hollow cylinders coated with TBC’s. The object of the testing is to generate S-N 
fatigue curves needed for the SwRI model. It has been found that plasticity in the 
MarM002 substrate can lead to ratcheting if the strain range in the LCF test is too 
high. To date, mostly APS samples have been tested. 
Concerning the interfacing with design codes, there are yet a number of problems 
to solve. The lifing analysis was performed on a simulated Westinghouse ATS 
duty cycle using a Pentium PC at SwRI. 



A final report for Phase II of the lifing effort will be submitted to the DOE at the 
end of June 1997. 

Task II.4 Manufacturing Process Development 

Task 11.4.2 Cooling Hole Masking Technology 

Application of coatings to industrial gas turbine (IGT) component surfaces can cause 
restriction of cooling holes. The restriction can lead to increased temperatures and can 
shorten the life of the component. Trials were run to demonstrate the applicability of 
several techniques for eliminating cooling hole restriction. 

It was previously demonstrated and reported that polymer masking significantly 
inhibited cooling hole restriction during bond coat and TBC deposition. In the 
current reporting period, this process was scaled up to coating trials on full scale 
gas turbine hardware. Insufficient curing of the polymer mask and excessive heat 
build up during the HVOF coating process resulted in premature loss of the 
polymer mask and significant cooling hole closure. A final masking trial using 
fully cured material and part coolers to addressing these difficulties is scheduled. 

Task 11. 4.3 Hole Re-Drilling 

Three techniques for cooling hole re-drilling were selected for evaluation using 
flat coupons with simulated cooling holes. Laser drilling was eliminated from 
further consideration, as discussed previously. Rotary abrasive milling was 
eliminated because of inadequate tooling life and difficulties with locating cooling 
holes. 
Water jet machining was found to be well suited for the removal of TBC coatings 
without damaging the underlying alloys. Test holes were adequately cleaned 
using the water jet process. 
The greatest challenge lies in the rapid and accurate location of existing cooling 
holes. In this program, a manually driven system was employed. For production 
purposes, however, an automated process is needed. Several automated methods 
for hole locating based on existing hardware were considered. However, none 
were capable of the required tolerances. It is recommended that this type of 
development work be performed as part of a future program. 

Task 11.5 NDE, Repair and Maintenance 

Task 11.5. I Repair and Maintenance 

Localized repair of a coating system offers the potential for considerable cost savings 
over general stripping and recoating of a component. Two general types of local repairs 
have been identified and considered, namely major repairs and minor repairs. Minor 
repairs are intended for new or nearly new parts with a chipped TBC, but little if any 



bond coat degradation. Major repairs constitute a local TBC and bond coat stripping and 
refurbishment. For both types of repairs, it is assumed that the substrate has not been 
damaged. 

Repair techniques are being developed on flat 1.5 x 1.5 x .125 inch coupons with 
MCrAlY bond coats and ceramic top coats. Both single crystal and 
polycrystalline repair coupons have been machined and coated. 
Process parameters for the local removal of APS and EB-PVD TBC's have been 
identified. In both cases, the ceramic top coats are stripped down to the bond coat 
and inspected to ensure complete removal. 

0 Four variations of Il'iinor repairs were conducted on coupons and bond buttons. 
Repairs were then evaluated by non-destructive inspection, bond strength testing, 
and cyclic furnace testing. In some cases, repaired samples performed as well as 
the control. 

0 The best minor repair technique was selected and applied to a series of coupons 
for further testing. Minor repairs were demonstrated on both APS and EB-PVD 
coated coupons. Cyclic furnace testing of the repaired coupons is in progress. 
A series of local major repair trials were conducted using various bond coat 
removal techniques, surface preparation techniques, and masking configurations. 
Results indicate that the development of a local major repair process would 
require a significant effort. Considering that the local major repairs may only be 
applicable in isolated cases, the potential benefits of developing such a process do 
not appear to justify the effort required. 
General coating refurbishment on single crystal components is being addressed. 
Issues such as coating heat treatments, substrate property degradation, and surface 
recrystallization are being considered in the study. Single crystal samples are 
currently being fabricated for this effort. 

0 

L1.5.2 Or-Line NDE 

We have recently had good success at developing a method of creating controlled 
debonds under TBC coatings. We have two potential methods of creating the 
debonds and have applied them on test plates. The simple standards which were 
targeted for the application of TBC coatings with debonds will be coated in the 
near future and the thermal wave imaging planned will be evaluated on the ability 
to detect and differentiate between TBC debonds, bond coat debonds, and bond 
coat and substrate cracks that are hidden under the coating system. Eddy current 
methods will also be compared. 

11.5.3 On- Line NDE 

The final report from Southwest Research Institute has was recentiy submitted to 
Westinghouse and is being reviewed. The conclusions provided by SwlU are as follows: 



Scattering methods have been demonstrated on TBC coated materials and are 
capable of remotely measuring bulk modulus and thermal diffusion coefficient. 
Concerns that need to be addressed for a durable on-line system are- 
contamination of the TBC coating, vibration of the engine and specifically the 
blades. 
Recent improvements in optics and solid state detectors will greatly negate the 
suspect problems with vibration and allow for smaller equipment packages. Also, 
there will be no need for cryogenically cooled detectors historically required for 
the measurement sensitivity needs. 
Modem workstations will be able to maintain real time data reduction and 
supervisory functions. 
Fiber optic placement selection will be critical and require some consideration 
with regards to the operating characteristics of the turbine. 
The end affector of the sensor will not present a problem with the operation of the 
turbine and for the most part will be unobtrusive. 
The probe end may require special engineering to introduce a graded refractive 
index micro optic to allow several cm of standoff distance. 
Multiple sensors may be multiplexed to provide more coverage without the need 
for multiple defiaction optics . 
Foreign object damage of the sensor is considered to be a most serious concern. 
The sensor end will most likely suffer from erosion andor impact damage. 
Protective lenses may be considered to protect the fiber end. 

Task 11.6 New TBC Concepts 

EB-PVD ingot fabrication is progressing with the pressing and sintering of ingots 
for four new ceramic TBC compositions. These initial ingots were used to 
establish powder post- processing requirements and sintering characteristics. 
PVD ingot sintering schedule was determined for final ingot fabrication. 
Final processing parameters were established for one new APS TBC ceramic 
chemistry. Test pins are being coated for furnace evaluation. 
Modification of spray parameters for the deposition of yttna stabilized zirconia 
resulted in a 2X improvement in coating life as determined by our accelerated 
fUrnace test. 
Deposition and aging of free standing TBC’s was performed as a means of 
measuring high temperature coating stability. X-ray diffraction indicated that one 
new TBC chemistry was not phase stable as deposited by APS. One chemistry 
was found to be stable to temperatures in excess of ATS conditions. Two 
remaining TBC chemistries are still to be evaluated. 
Powder fabrication is continuing on the seventh and final new TBC chemistry. 
Fabrication of this material is expected to be completed in June. 
Thermal diffusivity measurements were performed on as received and aged free 
standing TBC coatings. Samples for heat capacity measurements have been 



fabricated. Heat capacity measurements will be made in the next quarter and are 
needed to calculate thermal conductivity. 

Phase 111 Bench Test 
Modifications continued on the High Heat Flux Test Rig at the Westinghouse 
Waltz Mill Facility. Preliminary studies indicate that this fully automated test 
facility is capable of obtaining Westinghouse ATS materials temperatures (?BC 
ceramic and bond coat) as well as heat flux on a simple test geometry. Shake 
down tests are continuing. 


