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Introduction I

Alumina forming alloys and multi-materials systems  such as thermal barrier coatings used for high temp  erature applications in
aeronautical gas turbines are subjected to severe th  ermomechanical loading. During service cycles, comp lex high stress is generated,
resulting from the thermal variations that establis h through the thickness of the multi-materials syst em. The occurrence of such thermal
gradients may specifically provoke spallation and e nhance the damage of the material surface. In order to reproduce as close as possible
those conditions of materials utilization, a dedica ted cyclic oxidation equipment is designed and impl emented. It is able to impose a
controlled and measurable thermal gradient through  the material thickness and allows to monitor in sit  u the oxidation cycles using various
optical means. This versatile real time approach al lows the identification and analysis of the spallat ion mechanisms at different
microstructural and time scales.

Materials

Three types of multi-materials are investigated:

- a) the alumina forming alloy PM2000 (Fe-20Cr-5.5A  |-0.5Ti-0.5Y ,053),

- b) nickel base single crystal superalloy AM3, coa ted with &(Ni, Pt)Al bond
coat and 175pum thick Zr02-8wt% Y ,0, top coat (Yttrium Stabilised Zirconia
YSZ, deposited by EB-PVD),

- ¢) Hastelloy X coated with NiCrAlY bond coat and
YSZ top coat deposited by APS.
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! General requirement Cyclic lifetime of EB-PVDTBC specimens for various thermal exposures % ¢
The experimental mean is developed to satisfy the f  ollowing general technical specifications : 1190 A
1) it is versatile enough to cover a large range of  possible programmable thermal cycles , by changing independently the g
cooling/heating rates, the holding time and tempera  ture and the magnitude of the through thickness the rmal gradient . § 1180 4 ¢
2) it is entirely automated , including the implementation of a computer-aided  shuttle-furnace, whose motion on top and out g
of specimens, results in the required programmed th  ermal cycling. Surface temperature__(i€) 1250 1265 1260 1285 H | ®
3 it be inst ted with diff ¢ kinds of including hih Jution. high d or inf " I with Interface temperature (iC) 1156 1171 1181 1195 o 7o
. ) it can e instrumented with different kinds of ¢ ameras including high resolution, high speed or inf _rared cameras _all wi Bottom temperature _ (iC) 110 1105 1143 1153 E
variable focal lengths, diaphragm aperture and view ing distance to increase or decrease the image reso lution. Cyclic lifetime 83 30 9 8 g 1260
| . 1150 - - T
! Design [~ Shuttle furnace 0 25 50 75 100
The design phase of the equipment was mainly ‘/\ I PM2000 Number of cycles to spallation

focused on the development of a specific specimen-
holder able to impose a controlled and measurable
thermal gradient through the specimen thickness.
A coupled experimental and numerical approach was
necessary to determine the appropriate geometry,
dimensions, insulation, materials and refrigerated
fluids circulation.
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2) Optical performances

The mass resolution is directly related to the size of an elementary pixel
and can be written as (1), where d  is the distance from the camera to the

Image specimen (usually 440mm), d; is the focal length of the camera (usually 50
binarized to 200mm), "X (=4.4pm) and "y (=4.4pm) are sizes of a pixel for the
camera used in the experiments, #, and $, are respectively the coating
:‘/ thickness and density. Table gives some examples of mass resolution for

various coatings.

< Type of coatings Density Mass
o (2 and thi ! olg.cm”] resolutions
® YSZ TBC,", =200 m 3 0.0468
Example of very small $m =t —specimeny Ly “ole ez TBC’": o 3 0.02343
detectable spalled area & Yiocal ) Aumina 700" =30 m 30 o011z
o= - .
(0,24 ug) |Alumina TGO,", = 18 m 3.9 0.0058 g
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Spallation kinetics (square) and corresponding cool ing Gross spallation kinetics upon cooling after
speed (circle) for two cooling conditions (PM2000 o  xidised various holding time at 1300;C (PM2000).
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Effect of grain orientation on scale
spallation (PM2000 oxidised 480 hours at
1300iC) a) initial microstructure of the alloy
showing three grains (labelled with circle,
square & triangle), b) specimen after
spallation, c) spallation kinetics of each grain.
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Buckle formation and spallation monitored by high-s  peed camera.
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orientation of grains (d). :

Conclusion |

! Innovative method for the performing of thermal cycling with two specificities:

- the accurate control of the thermal gradient that establishes through the thickness of the invest
specimens to closely reproduce the condition of high tempera  ture materials use,

igated

- the video recording of cooling sequences to address surface degradation on a real-time basis .
! High thermal performance :

- maximal temperature : 1400;C,

- maximum heating rate : 2,5;C/sec,

- possible thermal gradient for a classical EB-PVD  TBC : 200;C.

I Possibility of analyzing finely the damaging by spallation:
- spallation mechanism,

- Influence of the testing conditions.

i Perspectives I

1

I Tests of TBC with complex geometry (curve as part of a t
spallation mechanism study,

urbine blade) in order to include the geometry effet in th e

! Determine a protocol of NDE interfacial damage char
perform in situ NDE tests : use of two camera at the sa
one infrared camera to detect interfacial damaging.

acterization using an infrared camera and adapt this  technique to
me time: a classical CCD camera to monitor suface spalla tion and

2)
! Evolution of the cyclic oxidation equipment to measure in real time the samples mass during oxidation and cooling phase,

! Add a second sample holder to the cyclic oxidation equipment which is allowed to be heat during cooling phase of the
first sample holder.




