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Application of convolutional neural network in static calibration
of wind tunnel balance
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Abstract: As the most important measuring device in aecrodynamic testing, the wind tunnel balance is used
to measure the magnitude, direction, and point of the aerodynamic loads (forces and moments) acting on the test
model. The accuracy of the measurement is directly related to the static calibration of the wind tunnel balance,
which establishes the mapping relationship between the balance output signals and aerodynamic loads on the
calibration equipment. This paper explores the possibility of improving the calibration performance of the strain-
gauge balance in the calibration system AiBCS, developed by Institute of Mechanics of Chinese Academy of
Science, using the convolutional neural network (CNN). The applicable conditions, validity, and reliability of
CNN in the balance calibration are discussed and evaluated. Results obtained by the CNN-based calibration
method and the traditional polynomial fitting method are analyzed and compared. It turns out that the CNN-based
calibration method can effectively reduce the load interference between various balance components, yielding a
significantly improved performance. Consequently, the deep-learning technology shows great application
potential in calibrating wind tunnel balance.
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Table 3 Relative error (%) of CNN calibration model
with different epochs
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R

10000 50000 100000
Y 4.06 -0.03 -0.04
M, 25.89 0.89 1.79
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M, ~182.43 0.91 ~0.54
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Table 4 Relative error (%) of CNN calibration model
with different convolutional layers

EBREH
e
4 8 12

Y -0.03 -0.07 -0.10
M, 0.89 0.89 1.34
M, -2.50 -4.00 -3.50
X 0.79 0.81 0.92

Z 0.60 0.85 0.73
M, 0.91 0.95 1.09
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Fig. 3 The six-component pulse-type strain-gauge balance

£5 RF S01-2 &It
Table S Design load of balance S01-2
o BT 8T
Y 5000 N
M, 200 N-m
M, 50 N-m
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Table 6 Balance combining loading error (%FS)

pg XY CONN B b H b

RBAR BB ARkdEl ok
Y 0.05 0.015 0.4 0.1
M, 0.11 0.047 0.4 0.1
M, 0.21 0.157 0.5 0.2
X 0.02 0.017 0.5 0.2
A 0.04 0.024 0.4 0.1
M 0.24 0.067 0.4 0.1
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Table 7 Balance combining loading repeatability (%FS)

pm AT OW TR mEh

RHEA AR RSt SailbtR bR
Y 0.02 0.037 0.2 0.06
M, 0.02 0.013 0.2 0.06
M, 0.04 0.025 0.3 0.10
X 0.03 0.009 0.3 0.10
VA 0.02 0.016 0.2 0.06
M, 0.14 0.041 0.2 0.06
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Table 8 Balance expanded measurement
uncertainty (k=2) (%FS)

R I
Y 1.0 0.26 1.0 0.3
M, 0.98 0.27 1.0 0.3
M, 1.74 0.78 1.2 0.5
X 0.51 0.47 1.2 0.5
Z 0.87 0.27 1.0 0.3
M, 1.0 0.29 1.0 0.3
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