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Fig.1 Simplified structure diagram of resistance strain gauges
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Table 1 Composition and material parameters of thin
film strain gauges

YUY Bk} BAHERTE/GPa AL JEE /mm
BRI LA 202 0.29 2
L) NiCrAlY 200 0.30 0.010

Y 2%)7 ALO, 400 0.22 0.002

B gz ALO, 400 0.22 0.002
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Table 2 Composition and material parameters of spray
type strain gauges
LS bR BAYERTIE/GPa AL J5EE /mm
B ERIK B4 202 0.29 2
Y ALO, 400 0.22 0.100
Bidr)= ALO, 400 0.22 0.002

R3  HMSTUN T (FANB) BT B S
Table 3 Composition and material parameters of adhesive
strain gauges (inorganic adhesive)

LR SY Kok PPERR/GPa TARALL JELRE /mm

BEAIR BILE 4 202 0.29 2
TeALIBE TRRERRER 224 0.28 0.030
B2 ALO, 400 0.22 0.002

T4 BTN (ENB) AR RIS
Table 4 Composition and material parameters of adhesive
strain gauges (organic adhesive)

LS LZE BPER L /GPa bIEL/Nz4 JELBE /mm

BaFE B4 202 0.29 2
FHLIE MG 33 0.38 0.030

H LI RV 22 0.34 0.050
i)z SRV e 22 0.34 0.020

RS NEAHBURAMAR

Table 5 Strain gauge sensing grid material

R SRR/ GPa A T JEEJE /mm
FeCrAl 220 0.30 0.003
NiCr 218 0.33 0.003
Pt 168 0.38 0.003
PdCr 125 0.39 0.003
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Fig.2 Strain loss rates of four mounting strain gauges with different sensitive grid materials
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Fig.3 Strain loss rate of four mounting strain gauges at different temperature when FeCrAl alloy is the sensitive grid material
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Table 6 The parameters of structural materials of thin film Table 8 The composition and thickness of thin film strain
strain gauges at 1000°C gauges(different thickness of insulation layer)
RS upes PR/ GPa LA EA EilasiBy JEJ /mm
BB B 125 0.35 PURl. I7 0.010
TR NiCrAlY 120 033 Yu k) 0.001,0.002,0.004,0.006,0.008,0.010
Y27 ALO, 340 0.24 HURZ 0.003
U FeCrAl 120 0.33 Bz 0.002
Bidr)= ALO, 340 0.24
®7 BEUTHIRREE(HERSERR) F9 BENDHARREE(BREEETE)

Table 9 The composition and thickness of thin film strain
gauges(different thickness of sensitive layer)

Table 7 The composition and thickness of thin film strain
gauges(different thickness of transition layer)

AR L% S 2R JEJE /mm
R 0.005,0.010,0.015,0.020,0.025,0.030 LB 0.010
e 0.002 2% )7 0.002
P 0.003 ) 0.001,0.002,0.003,0.004,0.006,0.008,0.010
e 0,002 Biidr )z 0.002
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Table 10 The composition and thickness of thin film strain
gauges(different thickness of protective layer)

AR JELBE /mm
R 0.010
2% )7 0.002
U2 0.003
Bidr)2 0,0.001,0.002,0.004,0.006,0.008,0.010
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Fig.4 Strain loss rates of thin film strain gauges with different thicknesses of transition layers, insulation layers,

sensitive layers, and protective layers
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Fig.5 The thin film strain gauge on superalloy substrate
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Table 11 Simulation results
) i ELLs R e
R/ C PEpe— Jrm— WA %
25 600.30 583.09 2.87
200 600.35 582.65 2.94
600 600.72 580.92 3.30
800 600.11 578.28 3.64
*®12 SR
Table 12 Test results
. A5 R e .
T /°C Fap— e AR %
25 600.58 579.39 3.53
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Simulation Study on the Strain Transfer Process of High Temperature Thin Film
Strain Gauges

Chen Changyuan, Zhou Shiwei, Zhou Zhizhong, Jiang Shuwen

State Key Laboratory of Electronic Thin Films and Integrated Devices, University of Electronic Science and
Technology of China, Chengdu 611731, China

Abstract: The thin film strain gauge is a novel resistive strain gauge used for high-temperature strain measurements,
it is an advanced technology for measuring stress/strain parameters and health monitoring of aeroengine turbine
blades. In this paper, the strain transfer process of high temperature thin film strain gauges used in aeroengine were
simulated and compared with the strain loss rate of adhesive strain gauges and spray strain gauges. The results show
that, due to their small total thickness and high elastic modulus level, the thin film strain gauges exhibit the lowest
strain loss rate and the highest accuracy in strain measurement. Meanwhile, the strain loss rate of the thin film strain
gauges increases with the thickness of each film layer.
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