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Application of Model Reduction in Active Control of a Folding Wing

Ni Yingge, Wan Xiaopeng, Zhao Meiying
(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: For reduced-order accuracy and control system design of model reduction in active control, taking the
folding wing as an example, the structural dynamic model is established based on the modal synthesis method.
Two different reduced order models are obtained by virtue of modal cost analysis and balanced truncation. The
comparisons and analyses of two different reduction models rely on degree of controllability and degree of ob-
servability. Finally, the optimal control law is applied to the reduction models to restrain the vertical displace-
ment of the wing tip, The results indicate that the balanced truncation reduction model is of higher degree of
controllability, while the modal cost analysis reduction model is of higher degree of observability. The low order
model of structural dynamic model can be achieved quickly and precisely by using two different reduction meth-
ods. It is effective to design the active control system for the low order model.
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Fig.1 Geometry model and finite element

model of folding wing(§=0°)
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Table 1 Natural frequency and modal cost

value results(§=0°)

BB $#/Hz RSHME %gﬁ{/ﬁﬁf
1 3.2 3. 23X 108 89.4
2 1.3 3. 68X10° 10.2
3 21.1 12 025 0.333
4 27.3 1465.3 0.040 5
5 42,9 715. 85 0.019 8
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Fig. 3 Comparison of displacement curves between full

model and reduced model(§=0°)
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Table 2 Comparisons of degree of controllability and degree of observability of

reduction model under different folding angles

0=0° 9=60° 9=120°
B3 &I EED
MCARM BTRM MCARM BTRM MCARM BTRM
AR 0.526 1 0.526 6 0.3913 0.392 6 0. 445 4 0.446 2
Lo AW 0.526 1 0.372 3 0.3913 0.277 6 0. 445 4 0.315 5
AR 0.678 9 0.679 3 0.632 2 0.632 9 0.618 3 0.621 0
Lo AW 0.678 9 0.480 3 0.632 2 0.447 6 0.618 3 0.439 1
AR 0.7215 0.725 7 0.635 3 0.709 2 0. 629 6 0.675 7
sor AW 0.7215 0.513 1 0.635 3 0.501 5 0. 629 6 0.477 8
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