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STUDIES ON THE DEFORMATION AND FAIL URE OF THERMAL BARRIER
COATING UNDER THERMAL-MECHANICAL LOADING
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Abgract The objective of this ressarch was to sudy the deformation and failure of ceramic thermd barrier coating TBC) , with
and without functionally graded materia (FGM) under therma-mechanicd loading The behavior of TBC failure and the dfect of thick
ness of coaing and FGV were invedigated experimentaly. Radicity and temperature dependent character of meaterid propertieswere em
ployed , the deformation and resses of the goecimens were anayzed using the finite eement method FBM) .
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Fg 1 Schematic figure of experiment sytem 3
1
Tab.1 Sructure of specimens mm
(Z0,) . .
oating 75 %ZrO, + 25 %aNi OrAl 50 %2ZrO, + 50 %6Ni OrAl 25 %ZrO, + 75 YNi Al Bo nd(:\elly(grAl) gg Jr'g\eh oT)
0.3
Snde layer 0.5 0.1 1
. 0.2 0.1 0.1 0.1
Muitiple |ayers
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Tab.2 Produce parameters o specimens

t=0
Power input 600 A x80V |
Soraying ditance/ mm 110 120 IHH
Work gas Ar (80 %) + H2(15 %) + N2(5 %) ;z

t>0
Gasflow pressure/ MPa 0.75
Fowdkr feed rate/’ (g/ min) 150 250 IHH
Traverse speed/(m’s) 35 I: :I 150
Diameter of rozze/ mnm 7
Sze of powder/d m 140 4

. Fg.4 Schematic processdof dructure deformetion

Drying tenperature/ 85
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Fig.2 Tenperature higory of the center on the back
o gecimen vs dfferent thickness
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Fig 6 Schemetic figure of ecimens destroyed 1) ,
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Fg 7 Shematic description of the duplex layer geometry used 30 mm 8mm, '
in FEA (firite dement andyss) ( 34), 0.3 mm
0.5mm 0.9 mm 7 8
100%E L8 Zirconia FGV
8% mm \ 75%E b4 Zirconia 3
.1 mm . .
0.1 mm ( S0% AL G Z¥rcon1a Tab.3 CGeometric sizes d duplex layer mode
0.1 mm T\ ——  25%F AL Zirconia
0.1 mm \ ~—F— 0%& L4 Zirconia
EJE Substrate ] ] ] ] ] )
Thin Pecimen  Middle gecimen  Thick gecimen
/mm
, 1 1 1
Thicknessof subdrate
1 A
/
Substrate £ J& fmm 0.1 0.1 0.1
Thicknessof bond layer
8 /mm
Fig.8 Schemtic description of the FGVI geometry used in FEA Thicknessof coating 0.3 0.5 0.9
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Tab.4 Ceometric szesdo FGM mm
(Zr0y) ' )
75 %210, + 5 UNIQAl 50 %Z0, + 50 UNIQAI 25 %Z0, + 75 %Ni Al (NiGAD) (10r18Ni9Ti)
Qoating Bond layer Subdrate
. 0.2 0.1 0.1 0.1 0.1 1
Multiple layers
5
Tab.5 Physical parameters d 1Cr18Ni9Ti vs different temperature
0/
20 100 200 300 400 500 600 700 800 900
Tenperature
E/ GPa
Hasic moduus 184 — — 159 — — 137 120 88 —
. -1
)\/(W(m. . ) ) — 16.3 17.6 18.8 20.5 21.8 23.5 24.7 26.4 28.5
Heat trander codficient
a x10¥
16. — 17. 17.2 17. 17. 18.2 18. — —
Thermal expanson codficient 6.6 0 ° o 8 8.6
p/(g-cm™?)
7.9 7.9 7.9 7.9 7.9 7.9 7.9 7.9 7.9 7.9
Dendty
. -1
(/(J(kg . ) J 502 502 502 502 502 502 502 502 502 502
Thermd capacity
. , v . 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24
Roison’ s ratio
6 7
Tab.6 Physical parameters o NiCrAl vs different temperature Tab.7 Physical parameters o Zr O, + Y03 vs different temperature
o/ 500 600 700 800 900 1000 o/
Tenperature Termerature 500 600 700 800 900 1000
E GPa
. 184 179 171 164 156 144 E GPa
Hadtic nodu us . 4 41 38 37 36 34
Hadtic modulus
t ici . . . . . . V4 (W m- 3
Hest trander codfficiet  18.9 20.1 23.0 24.7 26.8 27.0 (“) 18 18 205 205 0.92 0.9
)\/(W(m- ) 3 Heat trander codficient
a x10% o x10%
) o 16.4 19.2 25.6 25.4 25.3 25.2 13.9 19.4 17.7 14.7 123 9.6
Thermdal expanson codfficient Thermal expanson codficient
/ (grcm” / ( - a
P (9 ) 7.9 7.9 7.9 7.9 7.9 7.9 P g-cm 5.6 5.6 5.6 56 5.6 5.6
Dendty Dendty
c/ (J kg 3 ( kg B
(kg ) ) 370 370 370 370 370 370 C/ Jkg ) 450 450 450 450 450 450
Thermd capacity Thermal capacity
v v
. . 025 025 025 025 025 025 0.26 0.26 0.26 0.26 0.26 0.26
Roison’ s ratio Roison’ s ratio
15 %, , ,
5.5mm 30
) 3.4
W (nf- ) : :
3.3
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