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Research on the dynamic derivatives test technology
of 4.5 m x 3.5 m low speed wind tunnel
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Abstract: The dynamic derivatives are the a necessary parameters in the process of analyzing
the stability of the aircraft and designing the control law, in order to meet the demand for
obtaining high-precision dynamic derivatives data for large-scale aircraft. Aerodynamics Research
Institute of Aviation Industry Corporation of China (AVIC) developed a dynamic derivatives test
system with five kinds of oscillations in the 4.5 m x 3.5 m low-speed wind tunnel. The test system
uses servo hydraulic swing motor and servo hydraulic cylinder as the driving components of the
motion, and directly generates arbitrary waveform motion with the control of the servo valve.
The driving mode of the system has the characteristics of small movement transmission gap, high
movement control precision, and high automation. The scale of the test model is up to 2.5 m,
with the wind speed v of 30 to 60 m/s, the angle of attack a of —36° to 36°, and the sideslip angle
B of —40° to 40°. The verification tests of the dynamic standard model and a wing-body model
were carried out, and the test results show that the dynamic derivatives data obtained by the test
system is reasonable, the accuracy of the repeatability test data is within 3%, and the test system
can provide high-quality dynamic derivatives data for large-scale aircraft.
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Fig. 1 Angular oscillation dynamic derivatives test device
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Fig. 2 Schematic of angular oscillation mechanism
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Table 1 Modal analysis results of angular oscillation test device

B 4L B [Hz
1 16.06
2 19.35
3 34.29
4 37.62
5 46.83
6 48.91
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Fig. 3 Schematic of translational oscillation dynamic derivatives test
device
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Table 2 Modal analysis results of translational oscillation test device

K B /Hz
1 23.16
2 32.82
3 35.36
4 98.11
5 99.55
6 117.61
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Fig. 7 Harmonic oscillation movement curve
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given standard signal

Table 3 Differences between angular oscillation motion curve and

R/ (°) i /Hz B %/ (%) MBLZE /(%)
3 0.5 0.015 0.13
3 1.0 0.020 0.16
3 1.5 0.025 0.16
3 2.0 0.032 0.07
3 2.5 0.040 0.05
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Fig. 10 Dynamic derivatives test photos of wing-body model
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Table 5 Dynamic derivative test model parameters of wing-body
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®6 HSHEESMHE

Table 6 Dynamic derivatives repeatability accuracy

a/(°) (Cmq+ Cma)/% (Cip+ Cysina) /% (Cnr — C, yeosa) /%o
0 1.0 0.2 0.4
8 0.4 0.4 0.3
16 0.4 1.0 1.0
20 1.7 0.3 2.0
24 2.9 0.1 2.8
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