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Sensitive grid structure optimization of high temperature strain gauge
based on response surface methodology

Zhang Fengling,Zhang Xu, Ai Yanting,Zhao Yazhi

(School of Aero-engine, Shenyang Aerospace University, Shenyang 110136, China)

Abstract: High temperature strain gauge is an important research assurance for aero-engines. To meet its higher use requirements, the
structural parameters of high temperature strain gauge sensitive grid are optimized. Firstly, the influence of wire length, wire spacing and
wire bending number on the measurement error and fatigue life of sensitive grid is analyzed by the finite element method considering the
temperature error. Secondly, the response surface model of measurement error and fatigue life is formulated, which is based on response
surface methodology. The multi-objective gray wolf algorithm is used to perform the structural parameter optimization, and the Pareto
optimal solution set is obtained. Finally, according to the optimization results, a high temperature strain gauge is prepared for high
temperature vibration fatigue test. The simulation results show that the sensitive grid structure with different parameter combinations has
different effects on the performance of the high temperature strain gauge. The Pareto optimal solution set is evaluated by comparing the
production requirements and performance of the high temperature strain gauge, and an optimal sensitive grid structure is obtained. The
fatigue life of the optimized strain gauge at high temperature is increased by 30.4% compared with that before optimization, and the
optimization effect is remarkable.
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Fig. 1  Structure diagram of high temperature strain gauge
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Fig.2 Structure diagram of sensitive grid

T — B, A S X b 2 S B Ay ) o 5 22 20 A R
2N S B R 2 BT A IR
T

6= 873 x 100% (7)
e, TR SR N85 SR ™ A 0 AR e, B
SRR IR ZE AR s &, T SCRINIEE, &, Fl &,
S NN AR 4 v 1] AR A0 A2 S 244

D 158 2 A5 A 2 6 7 8 T AR 5 AR G T
B, vl AR AL T SR AL 7R R B L
HE F )T A 72T D 15 22 T SR ARG R Xl v Bk
It i) ) 5 S RIS 2 AN 3 R

AT - mm/mm
-0.007 728 6 Max
-0.008 045 0
-0.008 3615 v
-0.008 678 0
-0.008 994 4
-0.0093109
-0.009 627 4
-0.009 943 8
-0.010 260 0
-0.010 5770
-0.010 893 0
-0.011 210 OMin

P30 IR DX S SRR AR 25 4]
Fig.3 Strain cloud diagram of simply supported beam

in patch area

TS BB 45 48 2 B0 % 57 75 4 1) 52 R ) 9% 57 75
AT TR o (14 v R 0L AR T RO 7 R R ] A
17.5 v, A5 A it i 38 28K £, 3 3k 98] 8 48 7 A0 A
TR AR AN AR 2515 25 W AR I Y 25 (290 500 pe , HR
P9z 57 F Ak SR R 45 B9 95 75w T SR TR (1) Rt
Fin o EnE 4 B,

FLAL: K
1000 0<10° Max -
5451 9x10°
2,972 4x10°8 D

16205107 C
88349x107 [T — — — — D)

4.816 8x107 ( I
2626 1x107 |

143174107

7,805 6x10°

SE— PR |
4255 6x10° I 1
2,320 1x10° { |
I 1264 9x10° | |
6896 2+10° Min |

K4 S 77 fir = 1

Fig. 4 Lifetime cloud diagram of the sensitive grid
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