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ABSTRACT

The information about the deformations of high-aspect-ratio wings is needed for the
real-time monitoring of structural responses. Wing deformation in flight can be predicted
by using relationship between the curvatures and the strains on the wing skin. It is also
necessary to consider geometric nonlinearity when the large deformation of wing is
occurred. The strain distribution on fixed-end is complex in the chordwise direction
because of the geometric shape of fixed-wings on fuselages. Hence, the wing displacement
can be diversely predicted by the location of the strain sensing lines in the chordwise
direction. We conducted a study about prediction method of displacements regardless of
the chordwise strain sensing locations. To correct spanwise strains, the ratio of spanwise
strain to chordwise strain, Poisson’s ratio, and the ratio of the plate strain to the beam
strain were used. The predicted displacements using the strain correction were consistent
with those calculated by the FEA and verified through the bending testing.
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Table 5. Mean(m) and standard deviation(s) of predicted displacement errors
Sensing line 25y A Case 1 Case 2 Case 3 Case 4 Case 5
0]
o m o m o m o m o m o
1 7.21 7.37 7.94 7.92 1.18 1.95 2.10 2.00 0.06 0.05 0.27 0.21
2 242 2.83 4.45 453 1.40 1.78 6.63 6.18 0.35 0.26 3.96 394
3 1.03 0.61 2.35 2.34 0.37 0.30 0.25 0.19 0.31 0.24 2.76 2.96
4 3.21 2.55 1.16 0.99 1.60 0.85 0.26 0.20 0.47 0.40 5.16 5.73
5 4.51 3.86 0.51 0.27 1.25 1.10 0.25 0.19 0.36 0.27 2.09 2.39
6 5.12 4.48 0.25 0.25 1.63 1.32 0.25 0.19 0.21 0.14 1.97 2.26




9044 195, 2016, 1. gy o9 A3t

A e Hhdgou, AHe ~I:EFo
oF 200mm F-E 400mm Abole] W9 e 27} Z7}
SR o™ line 3olA2] AAHQA 227 7H &
Al Alatb= ATk

Case 39| % Fig. 8 ()9} #o] 24 ol u|
s o7 A AY. = AW o) X%
line 35-E line 62 HIEZ o =3 HY+= 4
Heol & A3 A 7)F wAHASFE A
AH8-3F Case 49 7%, Fig. 8 (d)e} 2o AAe
Qle] mwkek $X|o TAIGe] dZHLA7E A
Hee & X3} 18Y; Case 55 Table 5

67k 2] L7t A= As EAsAH
43 MYE ALAAE ¢

o
> il
% WRES Adol ANE strain
2 2AASE nAS o

10000

8000 |- 2grmmmmrdmenes

6000 |--->

Strain[pe]
P
=
a
=]

2000

-2000

Fig. 9.

350

e ) =] [
m =] o =1
=] =1 =] =

Displacement {mm)

=
=

50

Fig. 1

Table 6. Mean(m) and standard deviation(s) of predicted

distributed loading

3 ! —#— Concentrated Load (Tip)
% : —&— Uniform distributed Load

kY : ---4--- Triangular distrbuted Load [|

0 200 400 600 800 1000
Position [mm]

Strains according to the loading
conditions (beam model)

—+— Concentrated Load (Tip)
L{ —®— Uniform distributed Load
---4--- Triangular distributed Load

0 200 400 600 800 1000
Position (mm)

0. Displacements according to the
loading conditions

displacement errors under uniform

6% (120mm) 15% (300mm)
2y ™ Case 1 Case 4 2y A Case 1 Case4

line o m o m o m o m g m g

1 1.30 1.52 1.62 1.80 0.19 0.18 7.70 7.40 7.93 8.07 0.71 0.55

2 0.40 0.27 0.95 1.15 0.19 0.16 2.03 2.42 419 4.61 0.50 0.51

3 0.97 0.60 0.69 0.88 0.18 0.14 1.99 1.22 2.07 252 0.53 0.39

4 1.46 1.01 0.65 0.81 0.19 0.15 4.25 3.06 0.95 1.35 0.51 0.46

5 1.72 1.26 0.71 0.81 0.20 0.16 5.56 4.30 0.47 0.70 0.53 0.51

6 1.84 1.37 0.75 0.81 0.21 0.18 6.16 4.88 0.35 0.42 0.49 0.43
Table 7. Mean(m) and standard deviation(s) of predicted displacement errors under

triangular distributed loading
6% (120mm) 15% (300mm)
2y ™ Case 1 Case 4 25 ™ Case 1 Case4

line m o m o m o m o m o m o

1 2.08 2.02 2.49 2.35 0.61 0.52 8.59 8.08 9.62 8.89 0.28 0.17
2 0.55 0.59 1.68 1.62 0.62 0.55 2.54 2.74 5.47 5.18 1.31 1.24
3 0.56 0.32 1.40 1.33 0.70 0.64 1.57 0.93 3.23 3.04 0.48 0.54
4 1.12 0.79 1.40 1.27 0.71 0.66 3.96 3.01 2.18 1.93 0.96 0.94
5 1.40 1.06 1.48 1.29 0.70 0.66 5.31 4.28 1.70 1.37 1.02 1.05
6 1.53 1.18 1.54 1.32 0.70 0.67 5.90 4.85 1.54 1.15 1.27 1.13
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Table 8. Strain ratio(e,/,) and strain
calibration coefficient( .) for
strain correction

Sensing Strain Strain calibration coefficient

Position :
U ratio a b c
1 -0.072 | -4.42E-23 | 2.16E-19 0.97
2 -0.170 | -6.74E-10 | 7.07E-06 0.98
3 -0.280 | -7.72E-10 | 7.57E-06 0.98
4 -0.339 | -1.04E-09 1.12E-05 0.97
5 -0.352 | 1.42E-09 1.06E-06 0.98
6 -0.358 | -2.17E-09 1.27E-05 0.97
7 -0.363 | 3.74E-09 | -3.05E-06 0.98
8 -0.367 | 8.15E-22 -1.59E-18 0.98
9 -0.377 | 2.33E-08 | -191E-05 0.98
10 -0.593 | -6.54E-07 1.82E-04 0.93

) and comparison of predicted

displacements before and after strain correction (case 4)

Sensing position() 1 2 3 4 5 6 7 8 9 10 tip
NPT [nel |1912.65(1841.23]1776.24|1597.72|1361.10{1119.60| 870.60 | 606.43 | 381.48 | 146.70 -

wlmm] | 0.30 0.95 3.00 | 10.04 | 20.82 | 3454 | 50.72 | 69.01 | 88.62 | 108.76 | 115.82

Test 1| 2E& ®™ | wlmm] | 0.15 0.57 225 8.78 | 19.10 | 32.66 | 48.88 | 67.17 | 86.95 | 107.57 | 114.53
o sy[/ta] 2059.84(1964.18|1823.36|1595.36(1345.59|1105.89| 855.61 | 595.02 | 371.44 | 127.17 -

wlmm] | 0.15 0.62 242 927 | 19.92 | 33.78 | 50.25 | 68.74 | 88.68 | 109.49 | 116.53
NPT ey[HS] 4764.05(4591.45|4434.78|4033.48|3491.08|2922.12|2313.84| 1655.88|1055.70| 454.32 -

wlmm] | 0.79 2.41 7.18 | 2466 | 51.64 | 85.84 | 127.19 | 173.28 | 222.78 | 274.03 | 292.21

Test 2| 28 ®™ | wlmm] | 0.35 1.44 564 | 21.85 | 4755 | 81.39 | 121.86 | 167.47 | 216.79 | 268.42 | 285.90
o s;[/w] 5130.67|4933.04|4585.37|4080.43|3511.69|2907.08|2303.86| 1624.74|1038.08| 372.80 -

wlmm] | 0.36 1.56 6.09 | 23.17 | 49.90 | 84.78 | 126.23 | 172.74 | 222.89 | 275.36 | 293.14
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