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Experimental Investigation on Technology of Force Measurement

Using a Distributed-sting-balance in Wind Tunnel
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Abstract: The processing and assembly error of using twin—trail support measurement modes can increase the inter-

nal stress of the system, and influence the measurement accuracy. According to the aerodynamic measurement de-

mand of CTS wind tunnel experiment with twin—fuselage aircraft, the distributed-sting-balance force measurement

technology based on multi—force built in wind tunnel is developed. A twin-sting—balance measurement system with

the function which can eliminate the internal stress of the system is carried out. Two calibration methods for the six—

component twin-sting—balance measurement system are proposed. The reliability of the data processing and twin—

sting—balance system is performed with inspection loading, contrastive analysis and verification. The results show

that the distributed twin-sting—balance force measurement technology can eliminate the inherent internal stress

caused by the over—constraint of the twin-sting—balance system effectively. The twin-sting—balance system can ob-

tain high stability of connection for each part and measurement. The measurement accuracy of both calibration me-

thods is comparable, which can achieve the error level of single strain balance, and meet the precision requirement

of the wind tunnel experiment. The wind tunnel experiment is conducted with the method of combination calibration

taking into account the calibration capability of the calibration, and a satisfying measurement precision is obtained.

Key words: distributed support; force measurement experimental technology; twin-sting—balance; elimination of

the internal stress; balance calibration
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double-body airplane as lunch platform
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Fig. 2 Schematic diagram of the twin-sting—balance
aerodynamic force measurement system
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Fig. 3 Position and attitude adjustment device of the

twin-sting—balance measurement system
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Fig.4 Adjustment principle of the measurement system
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Table 1 Design loads of a single wind tunnel balance

BTt B Hfd BT Bl
M,/ (kg'm) 2.5 Y/kg 120
Z/kg 40 M,/ (kg'm) 2.0
M,/ (kg'm) 6.0 X/kg 30
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Fig. 5 Real photo of the wind tunnel balance
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Fig. 6 Coordinate systems of the twin—sting—balance and
combination model
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Fig. 7 Calibration and force measurement process of the
combination method
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Table 2 Calibration and check loads of the balance

M,/ M,/ M/
% 8 (kgfm) Z/kg (kg?m) Y/kg (kgfm) X/kg
HRF 1.92 32,0 4.8 80 1.52 20

WLAERF- 4,00 50.0 6.0 160 2.00 40
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Table 3  Static calibration and standard model experiment accuracy of the balance

. RF 1 RF 2
MR/ % MREEYE/%  FRKREERE  WREE/% MREENE/Y RSO T PR

M,y 0.27 0.09 0.003 8 0.32 0.09 0.004 0

Z 0.14 0.10 0.004 8 0.28 0.08 0.004 6

M, 0.11 0.02 0.002 0 0.08 0.02 0.0018

Y 0.08 0.03 0.003 8 0.12 0.02 0.002 6

My 0.18 0.07 0.0010 0.18 0.05 0.0011

X 0.16 0.06 0.000 8 0.17 0.06 0.000 8
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Fig. 8 Calibration and validation of the twin—sting—balance measurement system
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Table 4 Validation data of single component

& 1 M,/ (kgem) Z/kg M,/ (kgem) Y/kg M,/ (kg'm) X/kg
3.5 20 3.1 40 1.41 20
IE-%= i
40 6.2 80 2.82 40
) ] 3.5088 20.002 8 3.103 2 39.9750 1.4058 19.957 8
I 28 10f
7.010 4 39.904 0 6.2049 79.956 5 2.8220 39.962 1
XTI 22/ %
% 1
M, Z M, Y My X
k%20 0.25 0.01 0.10 —0.06 —0.30 —0.21
) 2 2 oy 0.15 —0.24 0.08 —0.05 0.07 —0.09
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Table 5 Comprehensive calibration analysis

£ R e VL
U mams memBRE SAMKR SANRE
wE/ Y EWE/% BE/% BM/Y%

M, 0.45 0. 01 0.55 0.10

Z 0.13 0.08 0.27 0.04
M, 0.47 0.04 0.32 0.10

Y 0.13 0.02 0.16 0.02
My 0.49 0.02 0.49 0.08

X 0.15 0.09 0.24 0. 06
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Fig. 10 Sample points and network model error distribution of the integration calibration method
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