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The calibration technology of wind tunnel strain-gage balance
under the action of thermo-mechanical coupling

Miao Lei,Ma Tao,Xu Zhiwei, Xie Bin,Zhou Miwen

(High Speed Aerodynamics Institute, China Aerodynamics Research and Development Center, Mianyang 621000, China)

Abstract : To study the influence of temperature on the measurement of wind tunnel strain-gage balance, the calibration technology under
the action of thermo-mechanical coupling is taken as the focus of the research. The thermo-mechanical coupling loading matrix is
established through the response surface experimental design method. The thermo-mechanical coupling loading is implemented on a six
components wind tunnel strain-gage balance based on the six-degree of freedom calibration system and the constructed temperature
environment. The balance formula including temperature, force and moment parameters is established by the multivariate regression
method. Finally, the verification load is used to test the accuracy of the balance formula. Results show that the comprehensive loading
error of each component of the balance is better than 0. 3% under the action of temperature, force and moment load. The balance formula
can accurately characterize the comprehensive performance of the balance under the action of thermo-mechanical coupling. Results show
that the calibration technology of wind tunnel strain-gage balance under the action of thermo-mechanical coupling can be used to evaluate
and correct the influence of temperature on balance measurement.
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Table 1 The condition of fluid calculation
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Fig. 1 Fluid calculation results
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Table 2 Basic information of balance

FEAFLE Y Mz X Mx 7 My

HHEM(N,N-m) 600 90 800 60 600 72

BARHEH(mV/V)  0.67 1.87 0.31 0.28 0.68 1.39
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Fig.5 Layout of thermal resistance
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Table 3 Independent variable information of balance
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Fig. 9  Scatter diagram of the calibration load
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Table 5 The VIF values for Y-component data
I3 I Z M ¥ JriE T 2K Vi I Z MM Vi i Tr Z WK T Vi J7 Z M ¥
Y 1. 001 Y-Mz 1. 006 Mz-7Z 1. 000 Mx - My 1. 081 7T 1.550
Mz 1. 000 Y-X 4. 000 Mz-My 1. 000 77 1. 002 My-T 1. 425
X 1. 015 Y- Mx 1. 004 XX 6. 807 Z-My 1. 000 Y2.T 1.110
Mx 1132 Y-Z 1.001 X - Mx 4.000 My - My 1. 004 Mz2-T 1. 492
Z 1. 004 Y -My 1. 000 X-Z 4. 000 Y-T 1. 376 X2-T 1.073
My 1. 000 Mz-Mz 1. 009 XMy 2.623 Mz-T 1.312 Mx?-T 1.123
T 1.115 Mz-X 4. 000 Mx - Mx 1. 001 X-T 1.077 Z*-T 1.369
Y-Y 1.373 Mz-Mx 1. 000 Mx-Z 1. 009 Mx-T 1. 199 Myz-T 1.213
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Table 7 The significance of equation
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Fig. 16  Comparison of Y-component calculation results
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Table 8 The coefficients of equation

Aebrifefb 25 LG i
ZFR — t Sig. e
B FrifEist 2 5P 7 Z K R
(W) 0. 002 0. 002 1.394 0.168
Y 0.084 572 0 4 080. 740 0 0. 999 1. 001
M, -0. 060 841 0 -440. 472 0 1. 000 1. 000
My -0.010 761 0 -48. 827 0 0. 883 1.132
V/ -0. 001 049 0 —49. 591 0 0.958 1. 044
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Z-My 1. 347 685x107° 0 2.705 0. 009 1. 000 1. 000
My - My ~1. 068 570x107* 0 -2.574 0.012 0. 999 1.001
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Fig. 17 Comparison of Mz-component calculation results
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