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Abstract

The standardized design process of automotive wind tunnel balance is specified by systematic re-
searches on its working principle, system composition, mechanical structure, test circuit and stat-
ic calibration. With aerodynamic load, accuracy and repeatability of measurement as basic condi-
tions for balance design, theoretical analysis method is applied to calculate the maximum load of
each load cell, and appropriate sensor models are selected according to the results. Data processing
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programme is developed in Python to analyze the influence of second-order non-linearity of static
calibration on test results. Based on the finite element simulation analysis with ANSYS on the
structural properties and mechanical decoupling performance of elastic connecting rods, the
structure of connecting rods, which can satisfy the demand for mechanical decoupling of balance,
is determined. The results of the present study lay a technical foundation for the construction of
automotive wind tunnel balance.
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Figure 1. Automotive wind tunnel balance composition diagram
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Figure 2. Strain sensor
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Figure 3. Working principle of automotive wind tunnel balance
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Table 1. Balance parameters and indicators
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(N/N-m) (N/N-m) (N/N-m)
Fy +5000 +1 0.1
F, +5000 +1 0.1
F, +5000 +1 0.25
M, +5000 +1 0.25
M, +5000 +1 0.25
M, +5000 +1 0.25
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Figure 4. Characteristic dimensions of balance lever
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Table 2. Wind tunnel balance materials and mechanical properties
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Table 3. Single force loading data
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Fy Fy F, M, M, M,
0 0 0 0 0 0
1410 980 1175 1350 3240 810
2820 1960 2350 2700 6480 2430
4230 2940 3525 4050 9720 4050
5640 4900 5875 5400 6480 5670
4230 2940 3525 4050 3240 4050
2820 1960 2350 2700 0 2430
1410 980 1175 1350 810
0 0 0 0 0
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Figure 13. Simulation of the mechanical properties of the cross hinge elastic connecting rod
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Figure 14. Simulation of the mechanical properties of hingeless connecting rod
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Table 4. Comparison of mechanical decoupling effect of elastic connecting rod (Unit: Mpa)

3 4. BEEFURRFRSUR AT L (L Mpa)

R1 R2 R3 R4 R5 R6 R7
Fy 0.486 0.479 0.239 0.215 0.097 0.062 1.398
F 2.213 2.166 1.599 1.415 1.041 0.499 3.101
F 0.395 0.653 0.408 0.642 0.642 0.621 0.125
R 1.332 1.796 1.303 1.735 1.774 1.569 1.092
F, 0.623 0.626 0.460 0.494 0.098 0.071 0.325
' 1.809 1.661 0.664 0.727 0.956 0.569 2.187
My 0.385 0.390 0.387 0.386 0.020 0.019 0.016
My 0.688 0.606 0.593 0.678 0.178 0.171 0.126
M, 0.138 0.138 0.142 0.136 0.042 0.004 0.087
My 0.199 0.186 0.183 0.204 0.052 0.050 0.032
M, 0.241 0.323 0.245 0.298 0.314 0.315 0.019
My 1.023 1.365 1.033 1.318 0.808 0.702 0.125
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Figure 15. Balance final accuracy and design requirement accuracy
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Figure 16. Balance calibration error. (a) Not considering quadratic interference; (b) Considering quadratic interference
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