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Table 1 Structure of sensor sample
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Fig.1 Failure morphology of sample after 700°C

thermal load under electron microscope
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Fig.2 Appearance of film delamination failure phenomenon
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Fig.3 Crack morphology in thin film cross section
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Fig.4 Analysis on thin film delamination by EDS
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Table 2 The type and size of the load
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Fig.5 Diagram of thin film subjected to stress
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Fig.6 Distribution of stress on thin films
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Table 3 Material parameters of each film layer

B2 Ik HE/ 83
[[il52 R FHUK! (kg/m®) | Bift/GPa AL
LI MAR247 1.49x107° 8540 144 0.27
1 NiCrAlY 1.27x10° 8180 207 0.21
2 ALO, 8.6x107° 3965 400 0.22
3 Ta,0, 3.6x107 8400 140 0.23
4 Sio, 5x107 2500 73 0.2
5 NiCr 1.7x107* 8100 206 0.3
6 Sio, 5x107 2500 73 0.2
f
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Fig.7 Interfacial distribution of sections
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Fig.8 Comparison between stress variation at NiCrAlY-

substrate interface
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Fig.10 Two kinds of film delamination forms
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Fig.11 Diagram of bilinear cohesion model
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Fig.13  Stress and failure function curves of Ta,0,-Al,0O,

interface
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Table 4 Delamination analysis on 4 types of interfaces
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Fig. 14 Stress and failure function of SiO,-NiCr interface
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Fig.16 The evolution of normal damage and shear damage

AL, YN T S B R R RO R Tk 1) ) ) S B
JBi 2 A o X T IR A AR S AR A R B VIR
ok E SR D5 BT RAIE T AR SCHEST ) N SR TR
A S Z AL

3 FRBESRVEESBRTHH
3.1 EEMREERS SR

FERRAE N R )T I AR, e T a0y R Bk 5l )
SRL JEBE T AR RN SRR S T AT A
P, 3 T 2, T L 2 SR A SLE R 1
BCHERENE)ZE o M4 Hutchinson £ H i) SL IR 24 S0 JE 34
FEFUHR BRI TE OO T, WP ) T8 B 2F 1B A AL
76 P E R BEE I TE LU KR SR i T RSO b
R PRI s X A R S A DL, 8 T
LSTIR A E-F18

FEFTE 5 1], B L S8 DR MR R . 2l & 12

A VR LE R IR IR A T LN A AR T 8 S BB, 7E A
BTN RIRBRBAAAEAEN TR G . HRBUR Y J) ik
SR 2R, UECKTT IRy R Y LS iB R, I e
FET- TG 7 1047 Ji o A S AR T 1 1), SR B U0 550 1) 1
TSR Z A WAL 2 RGBS IR Ak
IEITPAE e S TN o T Y A (B2 cE Y (i
KAEHRN G A RZRE K 17 R, [RIE, 28 & T2
UK AR N T BUBT I BLIH, IR PRI B2 S . Bl 2F
B RIS ) T 2R R, SORAE T 2 WY Bk A
T, e %1 2 2 VRIS B TR 0% o TR T 28— 2
A RBGIFEUNE 18 FiR .

ARG TS L A AR R LTI gh
A B IR AR 805 R I S 22 5 W IR B pa 5 i
BB BRRIBE)Z , SAS T 4R AL — B, b, X T
FEAR IR UL, 2 02 P 23k B R 5ok AL IR 1Y
RENGE R BRI R SRR R S8 IR (AR R a F5



WIWE L 5 RET ISR Y AR AR A4 ARl )2 OB IE o

71

SR I
e ——— ==

IS & B

R WL TR
——

K17 LSRRG RN R

Fig. 17 Diagram of the delamination failure process at the

edge of the film
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Fig.18 Diagram of coupling process of thin-film fracture
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Fig.19 Effect of penetration crack on interfacial shear
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Research on Failure Model of Delamination of Thin-Film Thermocouple Sensor
Based on Cohesion Principle

Hu Tingchun', Sun Yufeng?
1. Chinese Aeronautical Establishment, Beijing 100012, China

2. Beihang University, Beijing 100191, China

Abstract: Engine turbine blades work in the harsh working environment of high temperature, high centrifugal, high
vibration and air flow, and it is important to measure its surface temperature. However, under the blade operating
conditions, the thin film sensor has serious problems of delamination failure. The delamination failure model of micro
thin film thermocouple sensors used in aero engine turbine blade surface temperature measurement was studied by
combining high temperature test and finite element analysis. Multilayer film thermocouple samples were prepared on
metal substrate and subject to different high temperature loads to observe and analyze the phenomenon of film
fracture and detachment. The strain field of turbine blade surface and thin film is simulated by finite element simulation
software with the input of turbine blade working load. The cohesion theory is used to establish the failure model of film
delamination. The interface shear failure and discovery failure functions are established respectively, as well as the
competitive and coupled failure functions of the interface, and the main factors affecting the delamination length of the
film interface and the film delamination are analyzed. The cohesion unit of the finite element simulation is used to
simulate the delamination behavior of the interface. The study proposed a coupled failure model mechanism of thin
film penetrating cracks accompanied by delamination, supporting the design optimization of support sensors.

Key Words: thin-flm thermocouple; turbine blades; delamination; cohesive principle; finite element simulation;
thermal shock
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