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Wyniki badan

Results

Celem przeprowadzonych badan byto zastosowanie metod numerycznych przy projektowaniu
topatek turbin silnikdw odrzutowych z wykorzystaniem techniki ,submodelingu”. Pozwala ona na
bardziej szczegotowqg analize procesu uszkodzenia najbardziej wytezonego miejsca w topatce.
Praca byta szczegodlnie skoncentrowana na profilu roboczym loaptki w celu zbadania kierunku |
rozwoju uszkodzenia kruchego pokrycia TBC. Uszkodzenie byto modelowane z wykorzystaniem
techniki X-FEM. Wyznaczono krytyczne wartosci predkosci obrotowych wirnika przy ktorych
nastepuje inicjacja uszkodzenia i pozniejszy rozwoj. Uszkodzenie warstwy TBC moze prowadzi¢
do destrukcji catego pokrycia ochronnego i pdzniejszego narazenia catego wirnika (wykonanego
ze stopu) na nagte szoki termiczne.

The aim of the present work is an extension of the numerical methods in the turbine blade design
by application of submodeling technique. It allows to perform more detailed analysis of damage
process and progressive fracturing of the most efforted places of the turbine blade. In particular
the work was concentrated on the profile with the footer connection in order to define direction of
damage development, e.g. cracking of the TBC. The progressive damage was modeled
numerically with application of the XFEM technique. The critical values of rotor speeds were
estimated at which damage process initiates and further develops. The damage of TBC can lead
to destruction of protective covering and further exposures the whole turbine blade core (made of
alloy) to sudden thermal shock.
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Conclusions

1. Uzyskano zbieznos¢ wynikow otrzymanych na drodze teoretycznej oraz w wyniku
przeprowadzenia symulacji komputerowej. Maksymalne naprezenia zredukowane Misesa

wystepowaty u podstawy topatki.
2. Zastosowana w obliczeniach numerycznych technika submodelingu pozwolita na

dokfadniejsze wykonanie siatki elementow skonczonych wraz z wykonang warstwg
ochronna TBC. Sekcja dla wyodrebnionego fragmentu w modelu globalnym posiadata 772
elementy zas submodel 104987 elementow. W wyniku tego uzyskano doktadniejsze wartosci
naprezen Misesa, wieksze 0 18,6 % (biorgc pod uwage maksymalng wartos¢) w stosunku do

modelu globalnego.
3. Postugujac sie technikg X-FEM wyznaczono krytyczna wartosc¢ predkosci obrotowej topatki

przy ktorej warstewka TBC nie ulega uszkodzeniu. Po przekroczeniu predkosci 26750 rpm
dochodzi do szybkiego uszkadzania elementow az do predkosci 27500 po przekroczeniu
ktorej wzrost juz nie jest taki gwattowny.

1. The convergence of results obtained for both models: analytical and numerical was achieved.

The maximum of the reduced Misses stresses occured in the basis of blade.
2. The submodeling technique, applied in numerical calculations, permitted for creation very

fine the finite element mesh for detailed analysis of the selected fragment of the turbine
blade. In the global model this fragment was described by 772 elements, meanwhile the
submodel possessed 104987 elements. This approach allows for more exact calculation of
the Misses stress values, which were about 18,6% larger in relation to global model (taking

into consideration maximum value).
3. Using the X-FEM technique we assessed the critical threshold of the rotor speed with the

turbine blade at the thin TBC layer does not undergo damage. After exceeding of the speed
level equal to 26750 rpm, it comes to quick damaging of elements until the speed limit
27500 rpm. Then the damage growth is smaller for higher values of the rotor speed.
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Celem pracy byto wytworzenie dyfuzyjnych warstw powierzchniowych zawierajgcych fazy
miedzymetaliczne z uktadu Ti-Al na podtozu stopu tytanu Timetal 1100 oraz warstw
zawierajgcych fazy miedzymetaliczne z uktadu Ti-Al-Ag i Ti-Al-Pd na podtozu tytanu Grade 2.
W celu scharakteryzowania mikrostruktury wytworzonych warstw wykonano badania sktadu
fazowego (XRD), sktadu chemicznego (EDS) oraz morfologii (SEM).

Stop tytanu Timetal 1100
Titanium alloy Timetal 1100
(Ti-6Al-2.75Sn-4Zr-0.4Mo0-0.45Si)

Zalety: Wady stopu tytanu Timetal 1100

Advantages: Defect of titanium alloy Timetal 1100

* duza wytrzymatosc wzgledna;

* high relative strenght; - niska odpornosc korozyjna;

« dobra odpornosc¢ na petfzanie; - low corrosion resistance;

* high creep resistance; - niewystarczajgca zarowytrzymatosc powyze;
« dobra odpornos¢ na pekanie; temperatury 600°C;

* high fracture toughness - Insufficient high temperature creep

resistance above 600°C;
niska odpornosc na zuzycie scierne;
low abrasive wear resistance.

Zastosowanie stopu tytanu Timetal 1100
The application titanium alloy Timetal 1100

Lotnictwo:

* Auviation:
dyski sprezarek wysokiego cisnienia;
high pressure compressor disc;
topatki turbin niskiego cisnienia;
low pressure turbine blades.

(a) mikrostruktura, (b) morfologia warstwy TiAl, wytworzonej na podfozu stopu tytanu Timetal 1100
(a) microstructure, (b) surface morfology of the TiAl, layer produced on titanium alloy Timetal 1100 substrate.
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Rozktad powierzchniowy pierwiastkow: Ti,
Al, Zr na przekroju poprzecznym warstwy
miedzymetalicznej TiAl,

Distribution of Ti, Al, Zr on the cross-
section intermetallics TiAl, layer (EDS

Mapping).
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(a) mikrostruktura, (b) morfologia, (c) przetom warstwy Ti-Al-Ag wytworzonej na podtozu tytanu Grade 2
(a) microstructure, (b) morfology, (c) fracture Ti-Al-Ag layer produced on the titanium Grade 2 substrate

(a) mikrostruktura, (b) morfologia, (c) przetom warstwy Ti-Al-Pd wytworzonej na podtozu tytanu Grade 2
(a) microstructure, (b) morfology, (c) fracture Ti-Al-Pd layer produced on the titanium Grade 2 substrate.
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pktl 66.53 33.47
pkr2 29.25 6.60 7.23 55.44 1.48
pki3 28.55 0.64 6.68 6.94 56.04 1.15
pkid 17.96 1.16 5.13 9.16 60.10 3.54 2.96
pkt5 17.72 1.50 5.33 8.86 63.68 291
pki6 29.77 0.67 7.21 7.06 53.89 0.05 1.35
pkt7 25.00 16.09 26.43 32.48
pki8 15.27 1.02 11.08 11.74 57.74 0.23 291
; pkt9 14.94 1.09 10.38 11.03 57.81 0.46 4.28
Skfad chemiczny warstwy aluminidkowej modyfikowanej Hf po
utlenianiu w temperaturze 1100°C
Chemical composition of aluminide coating modified with Hf after
oxidation at temperature of 1100°C
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Aluminide coating modified with Zr on the base of nickel superalloys
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3000 —

Thermal stability of aluminide coatings synthesized on nickel based superalloys in
oxidation condition.

The process of aluminizing was carried out on lonBond equipment using AICl,gas. Heat resistant

aluminide coatings, standard and modified with Hf were synthesized on nickel based superalloys
by a low activity process. Thermal stability and heat resistance of the coating were specified by
oxidation tests. Change of phase composition and morphology of microstructure components of
aluminide coatings up to the time of oxidation were determined.
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Kinetyka utleniania nadstopow In 713C i In 713LC: bez powtoki, z Kinetyka utleniania nadstopow niklu z
powtokg NiAl -1050°C/8h (In 713LC +NiAl) oraz z powtokg NiAl modyfikowang Hf warstwg NiAl w
modyfikowana Hf - 1020°C/6h (In713C + NiAl +Hf, In 713LC+NIiAl+HfY) temperaturze 1100°C/1000h
Oxidation kinetics of In 713C i In 713LC alloys: without layer, with NiAl Oxidation kinetics of nickel superalloys with
layer - 1050°C/8h (In 713LC +NiAl) and with Hf modified NiAl layer - the Hf modified NiAl layer at the temperature

1020°C/6h (In713C + NiAl +Hf, In 713LC+NiAl+Hf) of 1100°C/1000h

P Mikrostruktura warstwy aluminidkowej na podfozu In100 po procesie utleniania w
AL temperaturze 1100°C

&5 Microstructure of aluminide layer on the base of In 100 after oxidation process at
2 thetemperature of 1100°C

O-K Al-K Ti-K Cr-K Co-K Ni-K Mo-L

pktl 72.83 10.08 10.92 4.70 1.47

pkt2 63.48 36.52

pkrt3 11.59 2.06 15.93 17.01 52.70 0.71
pkt4 28.37 2.12 6.11 9.06 54.33

pkts 18.54 18.33 6.14 8.20 47.47 1.33
pkt6 16.75 5.11 5.33 10.74 62.07

pkt7 1.83 64.66 5.13 3.80 11.27 13.31
pkt8 11.01 2.34 16.27 17.56 51.94 0.88
pkt9 14.13 4.21 8.74 12.76 60.16
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Rozktad liniowy pierwiastkow na przekroju warstwy aluminidkowej po procesie utleniania: a) Al, b)Ti, ¢)Cr, d)Ni
Linear distribution of elements on the cross-section of aluminide layer after oxidation process: a) Al, b)Ti, c)Cr, d)Ni
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Mikrostruktura warstwy aluminidkowej modyfikowanej Hf po procesie
utleniania w temperaturze 1100°C
Microstructure of aluminide coating modified with Hf after oxidation
process at temperature of 1100°C
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Mikrostruktura warstwy aluminidkowej modyfikowanej Zr na podtozu stopu In 100
Microstructure of aluminide coating modified with Zr on the base of In 100 alloy

Weight %

Ni+CVD+Zr 1p(2) pt1  20.77 2.02 77.09 0.13
Ni+CVD+Zr 1p(2) pt2 12.26 2.01 85.12 0.61
Ni+CVD+Zr _1p(2) pt3  3.27 0.30 96.31 0.12
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Sktad chemiczny mikroobszarow warstwy aluminidkowej
Chemical composition of microareas of aluminide coating
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Mikrostruktura warstwy aluminidkowej
modyfikowanej Zr na podfozu stopu MAR 247
Microstructure of aluminide coating modified with
Zr on the base of MAR 247 alloy

Weight %
Ni-K Sr-L VAN §

MAR-247+CVD pt1 1871
MAR-247+CVD pr2 1247
MAR-247+CVD pt3 13690  7.94
MAR-247+CVD pt4 724 5.00
MAR-247+CVD pt5 601  4.69
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Sktad chemiczny mikroobszarow warstwy aluminidkoweyj
Chemical composition of microareas of aluminide coating
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Conclusions

It was established that chemical composition of the material substrate and Hf presence in
aluminide coating influence on the phase composition of oxides layer formed on its surface and
determined corrosion resistance. The oxides formed on the surface of the coating deposited on
surface layer consisted of Al,O, phase with small amount of TiO, particles as well as of NiAl and
Ni,Al phases. Process of oxidation of Hf modified aluminide coating was effective with presence
of HfO, particles. The average content of aluminum in the NiAl phase decreased considerably
because of high diffusion velocity of aluminum to the surface necessary to form of alumina.
Aluminum content in the aluminide layer decreased slightly with the prolongation of oxidation
time. It was established that aluminide coatings modified with Hf obtained by the low activity CVD
process reveal high microstructure stability and heat resistance at the temperature of 1100°C.
The investigation of microstructure and chemical composition of aluminide layers modified with
Zr showed the efficiency of the applied method of enrichment.
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