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STUDY OF ACTIVE BUFFETING CONTROL METHODS OF
FULLY-MOVABLE VERTICAL TAILS

SUN Jie, LI Min

(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Fully-movable vertical tail structures are different from vertical stabilizer structures with rudders.
Three active control methods including piezoelectric control, vertical tail rotation control, and hybrid piezoelectric
control and vertical tail rotation control of fully-movable vertical tails are studied. The electrodynamics of macro
fiber composite (MFC) actuators are modeled by the load simulation method of using a piezoelectric actuator and
the motion-induced aerodynamic forces are calculated by the doublet-lattice method. The control laws of the three
models are designed using the linear quadratic Gaussian (LQG) method. The buffeting responses of the three
control models are analyzed, and afterwards the differences and comparisons of the control effect of those models
are investigated. The results show that the control effect of the piezoelectric control is limited due to the limitation
of the control voltage and the piezoelectric power amplifier. Because the vertical tail’s rotation control is subject
to its own control frequency, its control effect is not obvious for high-frequency excitation. The hybrid control
method combines the advantages of the vertical tail rotation control and the piezoelectric control, by which the
energy in low-order and high-order modes are all reduced, thus the scope of control frequency is markedly
expanded. Therefore, the control effect of the hybrid control is the best. Finally, numerical examples with different
structural parameters for the fully-movable vertical tails verify the feasibility and effectiveness of the hybrid
buffeting control method.
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Table 3 Natural frequencies of five kinds of structures

—EEMz EESIEM RN, g
c(1) 4.67 2.00 22.00 28.50
c(2) 3.20 5.90 22.00 28.90
cE) 3.46 7.30 22.00 29.40
C(4) 3.54 8.35 22.00 29.85
C(5) 3.60 10.10 22.00 30.80

U 4 MRS Pron, W LR IEFIR 5 24
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T EIEARETL C(4) Fr 3R A5 1 MU X 42 50 3 R 45 1
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2 ) 0 e R e e o PR 2 ) 5 vk A S T PR A
JRERR A, BARN A TR th AR 0%, 2 —Ff
) Bl R RHIR M ML A AT AT AN R 1

F4 UBHHRENBERFEG L)
Table 4 Percentage reductions of the displacement RMS
values (Load case 1)

BiZE . W A 1/(%) TR 2/(%) TR 3/(%)
0.09 50.96 44.62 76.28
0.27 56.99 54.56 78.05
0.33 34,57 0.00 58.61
0.38 41.86 33.68 68.34
0.46 42.81 0.00 70.74

*=5 UBHHERENREEEE 2)
Table 5 Percentage reductions of the displacement RMS
values (Load case 2)

Sz W FRL 1/(%) FERY 2/(%) HER 3/(%)
0.09 35.61 20.04 41.25
0.27 70.53 59.89 79.65
0.33 22.56 0.00 35.90
0.38 4350 0.00 67.83
0.46 63.11 0.00 69.00
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PRI BENS T A — S MR ARS EIRZ IR E
MAERHREST 2 T, KREE DT 5/ —H
A, MR8 MK 9 H, RHEGEHRIEH S
£6 —TESEMBEREINFEREIEENRESET )
Table 6 Percentage reductions of the peaks of acceleration

PSD in the first-order bending mode (Load case 1)

MR W FERL 1/(%) FERY 2/(%) A 3/(%)
0.09 0.00 28.57 42.86
0.27 0.00 8.46 69.78
0.33 73.81 0.00 87.51
0.38 67.66 42.44 92.34
0.46 84.56 0.00 96.77

RT RERSEMEENFREZFIEENRES (BE1)
Table 7  Percentage reductions of the peaks of acceleration
PSD in the rotation mode (Load case 1)

MR W FERL 1/(%) FERL 2/(%) A 3/(%)
0.09 61.75 59.33 90.90
0.27 71.25 37.50 98.75
0.33 70.00 0.00 84.28
0.38 79.44 87.12 91.85
0.46 38.51 0.00 72.97
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Table 8 Percentage reductions of the peaks of acceleration

power spectrum density in the second-order bending mode
(Load case 2)

ARZELE W FRL 1/(%) FRY 2/(%) FRL 3/(%)
0.09 25.97 13.06 68.00
0.27 0.00 0.00 6.83
0.33 28.51 0.00 34.88
0.38 26.91 0.00 54.06
0.46 55.69 0.00 68.32

9 —HRS ENEE ThERIEE E IS ERRE S (3T 2)
Table 9 Percentage reductions of the peaks of acceleration
power spectrum density in the first-order torsion mode
(Load case 2)

A B 1/(%) U 2/(%) U 3/(%)
0.09 97.39 95.75 98.91
0.27 98.21 68.21 99.36
0.33 93.36 0.00 97.79
0.38 99.72 0.00 99.74
0.46 98.49 0.00 99.49
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