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Fig.1 Structure of sheathed thermocouple
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Fig.2 Integrated structure of turbine blade thermocouple
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Fig.3 Three thermocouple integration schemes with

diameter 0.5mm

2 BIRTEE

Sy PR AR RS AL AT PR RY  A FR T AR 25 44
Pl S it , N [ 242 22 T e e T R FH 6 5 240 o, 45 2L A e
SRR,

7 LR I e A it 43 s 240 o ot 48 4 R ot o %
21000r/min, & 6 4 /7 TEAE AR BUA5 44T i F Von-Mises F54%
W53 A 2 L S AR A A R i i A R A
I F3 43 A — 2, BB R B B RS F (A7 18 I AR IR e i
IO F1 435 7 B, 2 B 3T LDM FHVOF Ay B (45 A%
T A AU e JEA S5 RA R R A



98 LR LSS ¥ S

Feb. 25 2023 Vol. 34 No.02

5.1 A
(a) T 5
Sy
% \ﬁ@/ N

-
(c) VIEAY

4 FEHERA 1.0mm F = Fhie A 5

Fig.4 Three thermocouple integration schemes with

diameter 1.0mm
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Fig.5 Finite element mesh model of the turbine blade
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Table 1 Material parameters of each component
EERCE M E/GPa Wikstey | p/(kg/m?)
JAE AU e EEN K4169 186 0.31 8220
HWOCHMTR 53 GH4169 148.8 0.31 8220
e GH3030 210 0.21 8400
TPz WC-Co 239 0.23 15700

A Static Structural
Equivalent Stress
Type: Equivalent
(von-Mitses ) Stress
Unit: MPa
Time: 1
2022.06.20 16:07

364.82 Max

3243

283.79

243.27

202.75

162.23

121.72

81.199

40.682

0.16406 Min

0 5 10

K6 isfent i 25800 1 70 A 2 1 (B : mm)
Fig.6 The contour of equivalent stress distribution of
the turbine blade
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Fig.7 XY plane shear stress distribution of the coating of the three schemes with thermocouple diameter 0.5mm
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Fig.8 YZ plane shear stress distribution of the coating of the three schemes with thermocouple diameter 0.5mm
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Fig.9 XY plane shear stress distribution of the coating of the three schemes with thermocouple diameter 1.0mm
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Fig.10 YZ plane shear stress distribution of the coating of the three schemes with thermocouple diameter 1.0mm
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Fig. 11 XY plane shear stress distribution of the coating

under different coating thicknesses
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Fig. 12 YZ plane shear stress distribution of the coating under

different coating thicknesses
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Fig.13 Turbine blades with integrated thermocouples
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Analysis on Turbine Blade Surface Thermocouple Integration Structure Design
and Influencing Factor

Niu Hongwei, Dong Jiang, Wang Ye
Chinese Flight Test Establishment, Xi’an 710089, China

Abstract: The turbine rotor blade of aero-engine works in the extremely harsh environment of high temperature, high
speed and high aerodynamic loadings. When measuring the surface temperature, the integration/protection of
thermocouples on the blade surface is particularly important. The combination strength between the components of
the thermocouple integration structure determines whether the turbine rotor and the additional measurement structure
can operate safely and stably. In this paper, nine kinds of thermocouple integration structures are designed for the
turbine blade surface thermocouple integration structure based on additive manufacturing and flame spraying, which
takes the coating thickness, thermocouple diameter and additive structure form as the design parameters. The finite
element simulation and strength analysis are carried out to study the influence of various variables on the strength of
the component interface. According to the analysis results, the optimal design configuration is selected from the
parameter matrix for thermocouple integration/protection, and its application potential is verified by high-speed rotation
test.

Key Words: turbine blade; thermocouple; integrated structure; shear stress; coating; additive structure
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