49K EIW FmF AR
2020 43 A SURFACE TECHNOLOGY - 213 -

E TS Mo/SYSZ DEEHE EHRPERE
ZUBRILEHRIBEENHE

XY, KIRE?, B[HN', F=°, B’ &FL°
(. DEESRRARRE T RO, HL T8 315103; 2. DEEMAS #7532k, X2 300300;
3. PERNZR EBEREART KOV REERLNZE, 8 200050;
4 PERZER=INCZYIBHRET BINEBERERSLNRZE, =/N 730000)

 E: Y R AREMARIT Mo/8YSZ MIEREZAKRR LAY A E, ik &t Mo/RYSZ %
AR LR, JEHRI A ANSYS A TR E L T 5 5 T8 Mo/8YSZ Jh A o A ik B 0 BABALAY
B P E R T A R A AR T AL, AR B B RAE E R AT Mo/SYSZ T Ae AR B
FER BRA RN, SR MERMEBNEK, BEESHEERTOKRA LR GIERHE
AR S, FREREAGAE, BROAREEAEBIRKIA, £ 0~12 mm BEREEHNGRE —I1LF, R
FHERBENE I, L ESAELEERGEENSORERAN LR TN, LihaE4e 8 NG LTF
H0; £ 6~125mmBAREENGR—LE, HFAEHEEREGIE M, LAk hBzbgKx, AR
LA EREA% 0.5 mm A B EEL LML EALE Ko A RE 4B BE BN EEAK IR E
4:10~4 113 8, REEARMKGH K, LEESAEEGREAKIZRAE 1 4 07, RELA RAIKS
KRB, B TR R R B R 50%Mo 5 50%8YSZ A Aam b, WAL R, SR ERREE
ZHOBEAEYERE 16 110 1 40~16 1 13 1 52, REAA R A KA, L8 @Rt ek At B R A
B, StEBIRAERERERANEMAZ, Tik—F B kMR e R e m A REFIL, #IEK
5k Bty iR

KB F5T908; DRBERRERE; EMAH; AAN8BE; LD

hESES: TG174442 XEERIRED: A XEHS: 1001-3660(2020)03-0213-11

DOI: 10.16490/j.cnki.issn.1001-3660.2020.03.027

Structural Optimization and Thermo-mechanical Coupling Simulation of
Plasma Sprayed Mo/8YSZ Functionally Graded Thermal Barrier Coating

LIU Guang', ZHANG Xiao-han?, JIA Li', WANG Liang®, PANG Ming?, AN Yu-long*

(1.Ningbo Branch of Chinese Academy of Ordnance Science, Ningbo 315103, China;

WHEH: 2019-07-31; EITHH: 2019-08-16

Received: 2019-07-31; Revised: 2019-08-16

EEUH: BEEEALIR (2018YFB1105800); E R A KA F K 4a (51705481); PSR A A LS| FTHAA (201909)
Fund: National Key Research and Development Program (2018 YFB1105800); National Natural Science Foundation of China (51705481); Basic
Scientific Research Operating Expenses of Central Universities (201909)

EEBN: 2k (1985—), B, L, SBAR, TL2MEST @AM ABEES FBHEHER, WA 1g-2159@163.com

Biography: LIU Guang (1985—), Male, Doctor, Associate researcher, Research focus: material surface modification and remanufacturing
technology. E-mail: 1g-2159@163.com

Bl 2k, KoOFE, RA, F. F 5Tk Mo/8YSZ H b Af BRI R B4 ML K A48 80T 1], ABE K, 2020, 493):
213-223.

LIU Guang, ZHANG Xiao-han, JIA Li, et al. Structural optimization and thermo-mechanical coupling simulation of plasma sprayed Mo/8YSZ
functionally graded thermal barrier coating[J]. Surface technology, 2020, 49(3): 213-223.



214 - EN TR NN

2020 4 3 H

2.Airport College, Civil Aviation University of China, Tianjin 300300, China;
3.Key Laboratory of Special Inorganic Coatings, Shanghai Institute of Ceramics, Chinese Academy of Sciences,
Shanghai 200050, China; 4. State Key Laboratory of Solid Lubrication, Lanzhou Institute of Chemical Physics,
Chinese Academy of Sciences, Lanzhou 730000, China)

ABSTRACT: The work aims to research the influence factors of different structural parameters on residual stress of Mo/8YSZ
thermal barrier coating system, the functional gradient thermal barrier coating of Mo/8YSZ was designed, and the numerical
model of Mo/8YSZ functional gradient thermal barrier coating with plasma spraying was established by using ANSYS finite
element software, in which the variation of thermal and physical properties of materials with temperature was considered, and
the influence of the thickness of bonding layer, transition layer and ceramic layer on the residual stress of Mo/8YSZ functionally
graded thermal barrier coating was studied. The results show that with the increase of radial distance, the residual stress at the
interface between the bonding layer and the ceramic layer gradually changes from compressive stress to tensile stress, and at the
edge of the coating, the radial residual tensile stress reaches the maximum value. At the same position within the path range of
0~12 mm, with the increase of ceramic layer thickness, the axial residual stress at the interface position of bonding layer and
ceramic layer has no obvious change, and the value of axial residual stress is almost 0. At the same position within the path
range of 6~12.5 mm, the shear residual stress gradually increases with the increase of ceramic layer thickness. At the interface
edge of the substrate and bonding layer, there is a greater stress mutation at 0.5 mm than at other positions. When the ratio of
thickness parameters between bond layer and ceramic layer is controlled at 4 : 10~4 : 13, the coating has the lowest thermal
mismatch. When the thickness ratio of transition layer to ceramic layer is controlled at 1 : 4, the coating has the lowest thermal
mismatch. When the transition layer of functionally gradient thermal barrier coating is composed of 50%Mo and 50%8YSZ, the
thickness ratio of bonding layer, transition layer and ceramic layer is controlled at 16 : 10 : 40~16 : 13 : 52, and the coating
has the lowest thermal mismatch. By designing the functional gradient thermal barrier coating and reasonably regulating the
structural parameters of the thermal barrier coating system, the residual stress and stress mutation of spraying components can
be further reduced and the bonding strength between the substrate and the coating can be improved.
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Tab.1 Element composition list of 7A04 aluminum alloy

[19]

wt%

Zn Mg Cu Fe

Mn Cr Ti Al

5.1~6.1 2.1~2.9 1.2~2.0 0.5

0.3 0.18~0.28 0.2 Bal.
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Tab.2 Thermal physical properties of 7A04 aluminum alloym'm

Thermal Specific heat Density/ Elasticit Thermal coefficient
Temperature/C conductivity/ capacity/ kenst}; dasl ety Poisson ratio of expansion/
(W-m’2~°C’2) (J'kg’1~°C’1) (kg'm™) modulus/GPa (10,6 OC,I)

0 155 830 2800 71 0.34 22.6

25 156 860 2788 71 0.34 23.5
50 158.3 870 2781 71 0.34 24

100 161 900 2775 71 0.34 24.9

200 175 970 2750 71 0.34 28.4

300 185 1020 2725 71 0.34 29.9

400 193 1120 2700 71 0.34 314

500 197 1320 2675 71 0.34 31.7

%‘% 3 Mo H@?_ﬂ%}g:&ﬁg%amis]

Tab.3 Thermal physical properties of Mo!**2!

Thermal Specific heat . .. Thermal coefficient
Temperature/'C conductivity capacity /DeI?SIt,};I Elasticity Poisson ratio of expansion
/(W~m’2- © ,2) /(J~kg’1-°C’1) (kg'm™) modulus/GPa (107 Y
20 142 250 10 200 32 0.2
25 135.29 287.66 10 200 32 0.2
27 10 200 32 0.2 5.1
200 116.27 10 200 30 0.2
400 114.95 10 200 29 0.2
600 106.69 10 200 28 0.2
800 110.43 10 200 28 0.2
1000 10 200 27 0.2 5.5
2000 10 200 22 0.2 7.2

x4 8YSZ WyIBEE S He

Tab.4 Thermal physical properties parameters of 8YSZ*¢28!
] Them}a% Specific. heat Density Elasticity . . Thermal coefﬁcient
Temperature/'C condufztlylt}; Capim}y,l f(kg-m ) modulus/GPa Poisson ratio of exga?si?n
/(Wm™="C™) /Jkg-C™) /(107 CT)
20 1.80 640 5280 48 0.1 10.4
200 1.76 640 5280 47 0.1 10.5
500 1.75 640 5280 43 0.1 10.7
700 1.72 640 5280 39 0.11 10.8
1100 1.69 640 5280 25 0.12 10.9
1200 1.67 640 5280 22 0.12 11
1400 1.62 640 5280 15 0.12 11.3
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Fig.4 The residual stress distribution of spraying components
with different ceramic layer thickness along the interface
direction of bonding layer and ceramic layer:

a) radial stress, b) axial stress, c) shear stress
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Fig.5 The maximum remdual stress of spraying components
with different bond layer thickness: a) maximum radial stress,
b) maximum axial stress, ¢) maximum shear stress
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Fig.6 The function relationship between the maximum
residual stress of spraying components and the thickness
parameters of bonding layer and ceramic layer:

a) maximum radial stress, b) maximum axial stress,
¢) maximum shear stress
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¢) maximum shear stress
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Fig.9 Residual stress distribution of thermal barrier coating after structural parameter optimization (Unit: MPa):
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