DCTaf2

Modeling the Behavior of

Thermal Barrier Coatings

DCT has hbeen a leader in developing methods for the analysis and design
of thexrmal barrier coatings using computer simulation. Under a NASA
sponsored Small Business
Innovation research (SBIR)
Phase Hprogram, DCT
developed a finite element
modeling technigue,
incorporating complex
geometry and material
property interactions. This
technology aids in the
design of ceramic coatings
for high temperature
components, and hepls to
improve the efficiency of
turhine and diesel engines
by allowing increased
operating tenperatures.

Thermal barrier coatings
(TBC 7)) are typically

evaluated using expensive Lt
“Burner Fig" tests, in which

coated cylinders of varying

configurations are subjected to a

seties of sequential heating

atid cooling cyeles, usually within a

temperature range of 30 - 1200 *C.

Thiz modeling
wotk provided
the first
fundatrental
descrption of the
role of oxdation
itn TBC failure,

as well as the
first published
statistical
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For turbine engines i propulsion and power applications, improved engine
efficiencies are achieved through higher combustion temperatures, which create more
enerey per volume of fuel consumed.
Howevert, the ability to operate an engine at
highet temmperatures 15 lirted by the engine
component matenal properties. Vanous
methods for reducing engine component
temperature have heen developed, mchiding
the use of a thermal barmer coating (TBC).
With development tine for new TBC systems
for non-rotating components typically heing
two years for awrcraft enones and four years
for land hased turbines, contimed reliance on
empitical design methods 13 costly and
necessitates the development of alternative
design methods utihzing nondestnictive
evaluation and hfe prediction modeling, An
iniovative approach to TBC design has been
developed by DCT within the framework of the commercial firute element software
ABAQUSY Baszed on finite elemnent techniques, the approach models complex
tnaterial behawiors, mcluding osdation effects, and 13

coupled with a simple optirmization method to assess the relative effects of specific
design criteria on predicted TBC performance. During a recently completed NAZA
Fhasze I SBIE, the following analysis methodologies were investigated for
commercialization:

Coated Aircrafi Gas Turhine
Stator YVane

o Implement a Finite Element Thermal Barner Coatihg Evaluation Technigque into a
Coramercial Finite Element Code

e Incorporate a Design Optirization Techmigque mto the System
o Investgate a CraclkingFalure Model for the TBC

The plasma sprayed TEC coatings modeled duning Phase [ incorporated a hugh lewvel
of material model sophistication, mchuding bond coat oxmdation behawior, multi-layer
effects, matenial property evolution, thermal gradients mduced wa mternal cooling,
and TBC cracking behawvior. The sunphified optirization techmigque evaluated

nrosades a means for assessment of snecified TRBC desion warniables such as interface
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The two tmost prevalent methods for manufactunng thermal barner coatings are vacuum
plasma spray and electron beam — physical vapor deposition (EB-PWVD). The different
coating applications mvolved in these processes produces two completely distinct
phlrsical structures. In wacuutn plastna spraying, the coating 13 applied through
application of the material i a plasma “plume”™, creating a relatively umform
tricrostructure with
perodic undulations i
" roughness along the bond
i ~ coat/ceramic interface. In
L g o RV
T s processing produces a
: / z highly directional
rricrostructure i which
cerarmic exhibits a
columhar morphology

parallel with the

o )
i DA

direction of application (1.e. normal to the interface). In addition, the interfaces in EB-
FWD coated materials tend to exbubit a very low roughness.

In the continuously expanding field of thermal barrier coating research and developtent,
the TBC design engineer needs to be able to assess a large array of potential designs,
inchiding the two main manufacturing techoigques with their two distinct physical
sttuctures. Mew research into this area has begun to reveal differing falure tmecharisms
hased on structure. EB-PVD cracking appears to be strongly influenced by physical orain
anommalies along the interface, leading to mtergranular fracture. Plasma sprayed coatings
of1 the other hand appear to crack more in relation to stress fields created by the
interaction of CTE mismatch, creep and omdation in comunction with the wregular
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stress perpendicular to the interface. In plasma sprayved systems which typically exhibit
a “wave-like” surface roughness, this effect 15 manifest in the form oftensile stresses at
wave peaks, and compressive stresses at wave valleys.

mnterface
ceotnetry. Modeling work at DCT has concentrated on plasma sprayed systems.

Although it 15 difficult to design an experiment to exatmine these factors

unambiguously, it 15 possible to design a computer modeling "experiment” to

exatrune the action and interaction of these factors, as well as to deterrune

failure dowers for TBEC's. Prewious computer models have exarined some of

these factors separately to deterrine thei effect on coating residual stresses,

but none have examined all the factors concurrently. The purpose of this

research, which was petformed at DCT, Inc., in contract with the INASA

Lewns Eesearch Center, was to develop an inclustve finite element model to

characterize the effects of omdation on the residual stresses within the TBEC
system during thermal
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