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Prediction for Large Deformation of Cantilever Beam Using Strains
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Agency for Defense Development***

ABSTRACT

The UAV’s wing has high aspect ratio that is suitable for the high altitude and long
endurance. Knowing the real-time deformation of wing structure in flight, it can be
utilized in structural health and loading status monitoring, improvement of control
effectiveness and extraordinary vibration phenomena using displacement-strain relationship.
In this paper, nonlinear displacement prediction algorithm was developed for prediction of
large structural deflection in flight. The algorithm was validated through the comparison
with finite element analysis results and also experimental results for several large tip
displacements of cantilever beam. The predicted displacements using strains are agreed
well with the measured values from laser displacement sensor.
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Table 1. IKHANA UAV specification
Gross takeoff weight 4,536 kg
Empty weight 1,678 kg
Wing span 20.12m
Wing area 2378 m°
Wing aspect ratio 16
Wing root chord 1.66 m
Wing tip chord 0.73m
Overall fuselage length 10.97 m
Fuselage height 3.81m
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B . i displacement theory (LDT)
Figure 102 Z2]7tHUIolE AR w3 A
= st A& WgEeIH I A M 2 =33 wgel miwd AnE Fig 119 2o
T Wy Al met A EWd FEAI} 2E 4 11 29 e 240 9@ WE 2% go)
el AlolAed otk ME & HMIES HASS A WY Az A3 Z2Fel PP 17
Aok B9 1% dFel O Aol Gdaled W 3 W 9= B oleF WY 4 A
d8 PIE TEEY EUoR 45F AFA0 s 2 IAFL FAT £ Yt v AF W9
2 2age 498 + 9 olgoz = wg A A AN vh
FY APE Bt A5Y WIFEL olge] TR yF 53 WAE ARHOR oS
NAPAL 1A WS o= FuPE HAF B B ol v)a) vldF el ARE uw
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Table 2. Comparison of deflections calculated from test with those calculated from nonlinear
displacement prediction algorithm (NDPA) and linear displacement theory (LDT) at

strain sensing stations and tip

strain sensing
station (i) 1 2 3 4 5 6 7 8 Tip
displacement (mm)
Test y axis 120 240 359 477 595 712 828 944 982
w 4.64 16.43 | 33.94 | 55.89 | 81.51 | 109.31 | 139.07 | 169.97 | 180.03
9% NDPA Y axis | 119.92 | 239.43 | 358.28 | 476.34 | 593.61 | 710.18 | 826.21 | 941.92 | 980.46
w 4.90 16.70 | 34.11 56.01 81.38 | 109.29 | 138.94 | 169.60 | 179.93
LDT (w) 411 1520 | 31.91 53.02 | 7765 | 104.66 | 133.29 | 162.76 | 172.38
Test Yy axis 120 239 358 474 589 704 817 930 966
w 551 2066 | 43.73 | 72.86 | 106.65 | 144.46 | 184.29 | 226.32 | 240.05
12% NDPA y axis | 119.85 | 238.97 | 356.87 | 473.36 | 588.44 | 702.28 | 815.17 | 927.49 | 964.87
w 5.34 1966 | 41.80 | 7050 | 104.48 | 14249 | 183.25 | 225.47 | 239.63
LDT (w) 5.13 18.98 | 40.06 | 68.29 | 100.47 | 135.73 | 173.16 | 211.11 | 223.13
Test y axis 120 239 356 470 583 694 804 912 948
w 7.22 27.03 | 56.11 93.16 | 135.76 | 182.15 | 231.78 | 282.26 | 299.96
15% NDPA LY axis | 119.77 | 238.34 | 354.99 | 469.41 | 581.64 | 691.93 | 800.74 | 908.67 | 944.56
w 8.44 2827 | 57.34 | 93.75 | 135.85 | 182.13 | 231.29 | 282.19 | 299.37
LDT (w) 6.83 25.08 | 5228 | 86.02 | 125.07 | 167.58 | 212,59 | 258.78 | 274.11
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