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Abstract: The life of thermal barrier coatings (TBC) is affected by micro factors such as interface wavelength and amplitude, but its
influencing mechanism is not clear. Therefore, a TBC life prediction model based on Manson-Coffin formula and cumulative damage
theory is established. The fitting problem is transformed into an optimization problem, and the coefficient in the life model is solved
by genetic algorithm. Then, a 2D axisymmetric finite element model of the TBC is established based on the experimental data of the
coatings. Finally, response surface method is used to study the micro-influencing factors of coating life, and the influencing factors are
ceramic layer thickness, bonding layer thickness, interface wavelength and amplitude, respectively. The results show that the
maximum error and average error of coating life prediction using cyclic equivalent strain range are 50% and 21%, respectively. The
coating life increases slightly with the increase of ceramic layer thickness, decreases first and then increases with the increase of
bonding layer thickness, increases first and then decreases with the increase of interface wavelength, and decreases with the increase
of interface amplitude, and the interface amplitude has the greatest influence on the coating life. The coating life of the optimal
combination is 947 cycles, which is 163.1% higher than the initial value. The formula for selecting wavelength and amplitude to make
the coating life reach the maximum at different coating thicknesses is given. The research results can provide theoretical and
methodological guidance for life prediction and structural optimization design of TBC.
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Fig. 2 Schematic diagram of experimental component and finite element model
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Table 1 Experimental cycle lifel!» 27281

Pre-oxidation time /h ~ Peak temperature holding time /s Life cycle
0 0 298
0 670 505
50 0 480

100 0 350
100 0 430
100 0 441
200 0 280
200 0 380
200 0 400
300 0 210
300 0 256
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Fig.3 Inside temperature of TBC in a single cycle
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Table 2 Temperature dependent material parameters for different layers

[33-34]

Parameters BC TGO TC
Temperature / K 200-1 000 20-1 100 20-1 100 20-1 100
Thermal expansion coefficient / 10K ™" 1.03-1.35 1.36-1.76 0.80-0.96 0.90-1.22
Young modulus / GPa 207-123 200-110 400-320 48-22
Poisson ratio 0.28-0.36 0.30-0.33 0.23-0.25 0.10-0.12
Shear modulus / GPa 81-45 77-41 166-128 21-1
Heat transfer coefficient / (W / (m « K)) 13.9-25.9 5.8-17 10-4.1 2-1.7
Density / (kg / m®) 8 680 7380 3984 3610
Specific heat/ (J / kg * K) 493-594 450 755 505
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Table 23 Variations of yield strength with temperature for different layers

[33-34]

Number Temperature / K SUB yield strength / GPa BC yield strength / GPa TGO yield strength / GPa

1 300 0.775 0.426 10
2 473 - 0.412 10
3 673 - 0.396 10
4 873 0.495 0.362 10
5 1073 0.470 0.284 10
6 1273 0.185 0.202 1

7 1373 - 0.114 1
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Table 4 Grid independence verification

Interface mesh size / pm Mesh quantity Number of nodes Maximum Equivalent stress / MPa
2 2618 8208 356.8
1 3558 11045 3577
0.5 9371 28 407 3575
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Table 5 Response surface design and results

Number x;/um x/um x3/um x4/um y;/MPa y,/MPa

1 250 215 40 10 337 319.5
2 100 200 60 5 292 263.0
3 100 200 20 5 685 274.0
4 250 35 40 10 518 302.4
5 400 50 60 5 539 246.6
6 400 200 20 5 745 268.0
7 100 50 20 15 128 380.4
8 250 125 40 16 149 384.5
9 400 50 20 15 128 375.7
10 400 200 20 15 134 362.5
11 100 50 20 5 685 279.5
12 250 125 40 10 360 323.4
13 250 125 64 10 443 295.0
14 250 125 40 4 622 249.9
15 400 50 60 15 410 316.9
16 100 200 20 15 134 365.9
17 70 125 40 10 239 3335
18 400 200 60 5 410 257.3
19 100 50 60 15 307 3273
20 430 125 40 10 401 320.2
21 100 50 60 5 472 250.2
22 250 125 16 10 139 363.1
23 400 200 60 15 286 3379
24 100 200 60 15 211 351.1
25 400 50 20 5 727 274.8
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Table 6 Optimal values of constants and ranges

Factors Coefficient o Coefficient g Coefficient &, Coefficient &, Maximum error / % Average error / %
Range 1-10 1-20 0.02-0.2 0.01-0.2 - -

A& 1.98 17.214 0.172 0.078 81 35

Ag 3.425 8.18 0.145 0.039 66 32

Apiy 2.9 2.447 0.197 0.019 296 86

Aé&m 2.809 16.219 0.091 0.153 52 25

A& 5.901 5.541 0.035 0.12 50 21
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Table 7 Table of experimental design of TC thickness and

BC thickness response surface

Number X/ pm X,/ pm A
A 250 125 17.52
B 400 200 15.81
C 430 125 20.75
D 400 50 24.52
E 70 125 14.39
F 100 200 10.58
G 250 215 12.32
H 250 35 22.77
1 100 50 19.33
64r
56
E a8t
<
§
2 40
S
32 A —B —+C
D —+-E <« F
2000 . | -G —-— H ——1 |

5.0 7.5 10.0 12.5 15.0
Amplitude / pm
14 A EREHE N iRE Tk
of [ FR) 98 IR (B H
Fig. 14 Interface wavelength and amplitude values for coating

life extremes at different thickness combinations
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