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Research on the structural optimization method to improve the
service life and accuracy of high temperature strain gauge

Ai Yanting, Liu Ming,Zhang Fengling ,Zhang Xu,Zhao Yazhi

(Institute of Aeroengine, Shenyang Aerospace University ,Shenyang 110136, China)

Abstract: The high temperature strain electric measurement technology has been widely used in the stress state measurement of the hot
end parts of aeroengines. How to rationally match the structural parameters of the high temperature strain gauge to improve the sensitivity
and service life of the strain gauge is of great importance in engineering. Firstly, a simple beam-measurement error model and a
cantilever beam-fatigue life model are formulated for two objectives of affecting the measurement error and fatigue life of the high
temperature strain gauge. Secondly, the influence rule of each parameter variation on strain gauge measurement error and fatigue life is
analyzed by finite element analysis, and the parameters to be optimized are selected. Then, the genetic algorithm combined with
response surface method is used to optimize the high temperature strain gauge. Finally, the optimization results are evaluated by
experiments. Results show that the single-parameter analysis method can directly reflect the influence of each parameter on the sensitivity
and life of strain gauge. Based on the optimization of response surface model and the multi-objective genetic algorithm, the optimal
parameter combination of five parameters of high temperature strain gauge including grid wire diameter, grid wire length, grid wire
spacing, grid wire bending number and base thickness can be obtained. The optimized measurement error is 0. 255% and the fatigue life
is 2. 384 6x107 cycles. Experimental results show that the measurement error is reduced by 89.2% and the fatigue life is increased by
10. 14% after multi-objective optimization.
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Fig. 1 Schematic diagram of sensitive gate structure
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Fig.2 Schematic diagram of strain gauge model structure
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Table 1 Materials and parameters of the strain gage model
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Fig.3 Local meshing of the strain gauge model
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Table 2 Grid independence evaluation

A L% WA i R IR AR
1 135 668 809 130 -8.653 6
2 185 666 1158 823 -8.6232
3 250 584 1 586 521 -8.584 6




154 X

W R ¥R

43

2.2 MEREEEITEIE
fo] LR ER R Al il N
M=F xI=500x0.05=25(N+m) (6)
R AR TR AN B TR

M x 25 x2.5x107°
== =1.2x10°Pa (7)

0‘ =
bxh® 0.05 x0.005°
12 12
AR TR A7 BN AR
1.2 x 10°
=£=79=9.0226x10"‘ (8)
E 133 x 10

FER(6) ~ (8) 1, E Ry ] SRR MR 5 L Ry 2k
S B AP B F R R LR B 138 5y Ry e v i i
TR E RIS b MR  h R,

W 4 i, 47 B 8] 52 38 i A R AR Sy 8. 619 3x
107 B3 2 9. 022 6x 107, 7 BT S5 Fig it
SAEARTR 22K 4. 47% , 1 Uk BRI 13 A8 R X6k 22 s i
A JLF A 5

SRR R AR um
1043.5

8.619 3x10™*

K4 TR SRR 7 P
Fig.4  Strain nephogram of simply supported beam

SR JHGEBATTI 73 WA% e, M 22 AR S v e il 16, A
A 2 Bt i 7 B A AR BCAR I 222 A8 14T B4 A A
TH PR BAE G L R AR R O AR A S LS
AR AR R LR 55 S AR ) 28 S RO I iR IR 22 L TR
AAAE(9) Fror .

& - &y
5= TR 100% (9)
S

W AR 5 M2 S5 SR, AT A R 22,
%3 R,

®3 HEHTEERSWRANEILER
Table 3 Strain comparison between simulation calculation

results and patch
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FEAG BROCAR AL 5 17 A8 31 s 7 B e 42 [ 2
Uity 15 mm Ak, RS it i 38 28K Aoy, 8 2 9] A
IV 22 )0 A2 TR B TAR T Y 1000 GO A2 22 A, F
LI RN TP R ZE B AR SN 4k 55K (5) 15 A
229557 75w, B R W AR VT 95 A, B RN R E
6 Bz,
I s

Jon R A

Ko RN A
Fig. 6 Model loading diagram of cantilever beam
S RS B A 85 562 ~ 146 658 , X L 78 T UK
W% 55 75 fir iSO . AR 4 Bz, 24 AR K 1k 2
146 658 Ji5 , % 114 W A8 AH X 132 22 2AAT 0.49% ,H T 1524
R SRS 2 P& o35k
R4 MIELXERIE

Table 4 Grid independence evaluation

B W% AR 9% 55 F A
1 85 562 504 546 2.158 6x107 KAEFF
2 112 564 689 554 2.203 6x107 WIHH
3 146 658 905 458 2.214 4x107 WHHF
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Table 5 The value range of a parameter variable
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Table 6 Test scheme and partial test results
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Table 7 Statistical evaluation of regression equation error
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Table 8 The comparison of parameters before and

after optimization
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Fig. 14 Diagram of simply supported beam test device
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Fig. 15 Overall system diagram of fatigue life test
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Table 9 Comparison between finite element results

and test results
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multi-objective optimization
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