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Abstract: The control and design of flexible support structure and warping surface for an aircraft is a
key to improve its flight performance. In this paper, an integrated optimal design method for structur-
al parameters and control voltages was presented by using Microfiber Composite (MFC) as a actuator
to obtain the desired shape of the surfaces. An integrated optimization model of actuator structural pa-
rameters and control voltages was established for minimizing the control deviation through designing
electrode width and separation, MFC thickness, the volume fraction of piezoelectric ceramic fiber and
controlling the breakdown voltage of MFC. The optimal parameters of the actuator were given by ana-
lyzing and comparing the effect of structural parameters on the performance of surface. The warping
of a wing surface was used as an example to validate the effectiveness of the method. The results show

that the mean square deviation of the multi-voltage control is 45% that of the single voltage control.
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These results prove that the method presented has potential applications in design of aircraft wing

warping.

Key words: piezoelectric Microfiber Composite (MFC) film; plane wing surface; integrated optimiza-

tion; control parameter
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Fig. 1 Structures of MFC
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Fig. 2 Schematic diagram of plate
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Tab.1 Required surface shape of the plate

95 X/m Y/m Z/10°m %5 X/m Y/m Z/10°m %% X/m Y/m Z/10 %m

1 0.700 0 0.3300 —4.2285 2 0.700 0 0.6600 —3.0126 3 0.700 0 0.9900 —1.84214
4 0.700 0 1.3200 —0.7547 5 0.700 0 1.6500 0.248 9 6 0.700 0 1.9800 1.173 3
7 0.700 0 2.3100 2.016 2 8 0.700 0 2.640 0 2.750 8 9 0.700 0 2.970 0 3.298 3
10 1.4000 0.3100 —13.580 11 1.400 0 0.6200 —10.07 5 12 1.400 0 0.9300 —6.637 4
13 1.4000 1.2400 —3.3224 14 1.400 0 1.5500 —0.1638 15 1.400 0 1.860 0 2.817 1
16 1.400 0 2.1700 5.594 0 17 1.400 0 2.480 0 8.126 5 18 1.400 0 2.790 0 10.34 3
19 2.1000 0.2900 —25.455 20 2.1000 0.5800 —19. 410 21 2.100 0 0.8700 —13. 441
22 2.1000 1.1600 —7.605 3 23 2.1000 1.4500 —1.9506 24 2.1000 1.7400 3.482 9
25 2.1000 2.0300 8.655 0 26  2.1000 2.3200 13.51 6 27 2.1000 2.6100 18.01 1
28 2.8000 0.2700 —38. 780 29  2.8000 0.5400 —30. 242 30 2.8000 0.8100 —21.780
31 2.8000 1.0800 —13.452 32 2.8000 1.3500 —5.3055 33 2.8000 1.6200 2.609 5
34 2.8000 1.8900 10. 248 35  2.8000 2.1600 17.567 36  2.8000 2.4300 24.517
37 3.5000 0.2500 —53.143 38 3.5000 0.5000 —42. 282 39  3.5000 0.7500 —31.497
40  3.500 0 1.0000 —20. 837 41 3.500 0 1.2500 —10. 353 42 3.5000 1.5000 —0.090 4
43 3.5000 1.7500 9.904 6 44 3.500 0 2.0000 19. 589 45 3.500 0 2.2500 28.917
46 4,200 0 0.2300 —68.421 47 4,200 0 0.460 0 —55. 466 48  4.200 0 0.6900 —42.583
49 4,200 0 0.9200 —29. 818 50 4.2000 1.1500 —17. 215 51 4.2000 1.3800 —4. 820
52  4.2000 1.6100 7.326 5 53  4.2000 1.8400 19. 181 54 4.2000 2.0700 30.703
55  4.9000 0.2100 —84.614 56  4.900 0 0.4200 —69. 832 57  4.9000 0.6300 —55.117
58 4.900 0 0.840 0 —40. 507 59  4.900 0 1.0500 —26. 046 60 4.9000 1.2600 —11.776
61 4.9000 1.4700 2.264 5 62 4.900 0 1.6800 16. 040 63 4.9000 1.8900 29.509
64 5.6000 0.1900 —101. 77 65 5.6000 0.3800 —85.470 66 5.6000 0.5700 —69.221
67 5.6000 0.760 0 —53.068 68 5.6000 0.9500 —37.047 69 5.6000 1.1400 —21.193
70  5.6000 1.3300 —5.545 71 5.600 0 1.5200 9.864 2 72 5.6000 1.7100 24.999
73  6.3000 0.1700 —119. 96 74 6.3000 0.3400 —102. 48 75  6.3000 0.5100 —85.044
76  6.3000 0.6800 —67.693 77  6.3000 0.8500 —50. 455 78 6.3000 1.0200 —33.358
79  6.3000 1.1900 —16.432 80 6.3000 1.3600 0. 288 96 81 6.3000 1.5300 16.772
4.1 RMREHB[EWSEEIT R2 WHES/NATHEMHLE BHEUR
TE T A TR 5 48 0 T 0 87 25 5 45 1 LR 1 K R AL AR

B, 5 e I (4 300 8 2 PR T 32 2 o, T8 4 Tab. 2 Boundary conditions of displacement, electrical
L Vi s 5 5 A W R A5 G B b */I‘%&ﬁn % 3 potential and electrical displacement applied to RVE
SL—J 2k 1 N VN =

. BRI EANE 4 BT, LK H T 1 B AT HL SR A
X=—W/2 Ux=0 Dx=0
A LM . V=1V,
A Y=—H/2 Uy=0 FM A . V=0
(4 Dy=0)
7=0 Uz=0 D,=0
X=W/2 Ux M & Dx=0
LM . V=1V,
Y=H/2 Uy # 4 FM A . V=0
B4 MFC 3K ) 9 A7 BT 7 (HA Dy=0)
Fig. 4 Finite element model of the actuator of micro- Z=2P+S Uz #i& Dz=0

fiber composites
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Tab. 3 Material parameters used for finite element analysis™®

]

- RN EH/(Cem?)  AHEE/(F-mD HME R K/ Pa
€33 @31 €5 SH Ci1 Ci2 C13 (33 Caq
W 23101 0,395 12,29 8.137 7.319 1. 203 7.518 7.509 1. 109 2.105
K Z 3. —0.395 . 295
" X107 X107 10" X10  X10°  X10"  X10"
) . . 830 . 960 . 960 . 830 .
541 3.542 3.542 4. 83 2.96 2.96 4. 83 9. 348
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Fig. 5 Influence of structure parameters on strain re-

sponses of RVE
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Fig. 6 Effect of voltages on average strain
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