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Structural Analysis and Integrity Verification of Main Wing of HALE UAV
Sang Wook Park*, Sung Joon Kim?* Jeong Woo Shin*, Seunggyu Lee*, and Tae-Uk Kim*

ABSTRACT

Recently, development of long endurance electric powered airplane has been conducted
worldwidely. Light structural weight of a main wing with sufficient structural integrity is
essential for long endurance flight. Since a main wing with a slender spar can occur
catastrophic fracture under the flight, it is important to establish a design and verification
method for both the weight reduction and structural integrity. In this paper, structural
design and analysis of the main wing of HALE UAV with tubular spar reinforced with a
bulkhead were introduced. The static strength test of the main wing was performed to
verify structural integrity under the static load. Then, the experimental result was compared
with an analytical result from a finite element analysis. It was concluded that the developed
light weight main wing would have sufficient structural integrity under the flight operation.

Key Words : HALE UAV(Z1E Z7|AF F217]), Main Wing(5¢]), Structural Analysis
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53], ¥ HFERY 5& AASE Spare H3055(27d, &) &4<& JYetdiith
Fo] =2 AAH](Aspect Ratio)E <13l F9
T2 FHY & ¥HFSE AT AT F Table 1. Properties of carbon composite
{1719 F°] Spardl= FEF A4S S 1 Al H3055
A, g FAE e T ¢ TErk Hed Material Carbon-Epoxy UD Composite
o ©¥e] @2 §F ¥ Sparc Brazier &7}l Thickness 0.094 mm
o3t FH= o] A E 5 Uu5]. ¥, 2017 Properties Unit
ol =3 ¢FATA7NAE ol 454 el 0.0139
ANAE FRl7Iek AEd ATFE Tl A= o E11 146100 (Mpa)
+& JAY F U+ Spar R F AALGE = vi2 0.355
&3l omg, o5 7jHte g A ZE Span 257 €22 0.0041
B Fojo M7= A 2 AH A=AY H E22 7,700 (Mpa)
7He B3 T2 AAY 94T AT FHHeR el2 005
g g &t} G12 3,600 (Mpa)
meby B E=RelA: A, 4 2 A % o 1490 (kg/m)
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Fig. 5. Critical load in the front spar

Table 2. Stacking sequence of front spar

Cap

BL Base Lay-Up Ply Lay-Up

[45/-45/90/45/-45/90/45/45/

07830 | 60/-45/45/90/-45/0,/45]

18 {[04/90/0s]

[45/-45/90/45/-45/90/45/45/

1990 | 00/-45/45/90/-45/0,/45]

17 {[04/90/0s]

[45/-45/90/45/-45/90/45/45/

~1,830 90/-45/45/90/-45/05/45]

17 {[04/90/0s]

[45/-45/90/45/-45/90/45/45/

72,330 90-45/45/90/-45/0,/45]

16 |[05/90/04]

[45/-45/90/45/-45/90/45/45/

2830 90-45/45/90/-45/0,/45]

16 |[05/90/04]

[45/-45/90/45/-45/90/45/45/

73,3301 90/-45/45/90/-45/0/45)

15 [0s]

[45/-45/90/45/-45/90/45/45/

~3830| g0/-45/45/90/-45/0/45]

15 [04]

[45/-45/90/45/-45/90/45/45/

40001 60y/-45/45/90/-45/0/45/905)

17 [04]

[45/-45/90/45/-45/45/90/45/

45001 _45/45/90/-45/45]

13 [04]

[45/-45/90/45/-45/45/90/45/

~45/45/90/-45/45] 13 )

~5,000

[45/-45/90/45/-45/45/90/45/

75500 | _45/45/00/-45/45)

[45/-45/90/45/-45/45/90/45/

76,000 | _45/45/00/-45/45)

[45/-45/90/45/-45/45/90/45/

76,500 | _45/45/00/-45/45)

[45/-45/90/45/-45/45/90/45/

70001~ 45/45/90/-45]

[45/-45/90/45/-45/45/90/45/

7900\~ 45145/90]

[45/-45/90/45/-45/45/90/45/

8000 _45/45)

[45/-45/90/45/-45/45/90/45/

~8.500( "1

~9,000 | [45/-45/90/45/-45/45/90/45]

~10,500] [45/-45/90/45/-45/45]

9
8
~9,500 | [45/-45/90/45/-45/45/90] 7 -
6
5

~11,000] [45/-45/90/45/-45]
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Fig. 6. Frame of main wing
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Table 3. Analysis result of the front spar

BL |Stacked|Comp MS BL |Stacked|Comp

(mm) | Ply [onent (mm) | Ply [onent M.S.

0~830|0° ply | X |0.11{~7,000(45° ply| XY |1.45

~1,830| 0° ply | X |0.13|~7,500(45° ply| XY |1.81
~2,330| 0° ply | X |0.12{~8,000(45° ply| XY |[1.97
~2,830| 0° ply | X |0.22{~8,500(45° ply| XY |[2.70
~3,330| 0° ply | X ]0.13|~9,000|45° ply| XY |3.63
~3,830( 0° ply | X ]0.18|~9,500|45° ply| XY |5.32
~4,000( 0° ply | X |3.80[~10,50045° ply| XY |6.18
~4,500( 0° ply | X |0.26[~11,00045° ply| XY [21.41

~6,500 45° ply| XY |0.20

Table 4. Analysis result of the rear spar

BL(mm) Stacked Ply | Component M.S.
073830 0° ply X 1.10
~4000 0° ply X 3.88
~4500 0° ply X 3.98
~6000 0° ply X 1.31

Table 5. Analysis result of critical moment of spar

BL | Critical | Applied MS BL | Critical | Applied

M.S.
(mm)|momentjmoment (mm) [moment|moment

0 |1.5x10”|1.1x107| 0.44 | 6000 | 3.1x10° | 1.6x10° | 0.95

500 | 1.5x107 [ 9.7x10°| 0.60 | 6500 | 2.5x10° | 1.2x10° | 1.08

1000| 1.4x107|8.7x108| 0.59 | 7000 | 2.1x10° | 8.9x10° | 1.39

1500] 1.4x107|7.7x10%| 0.79 | 7500 | 1.4x10° | 6.4x10° | 1.17

2000| 1.1x107 | 6.9x10°| 0.64 | 8000 | 1.1x10° | 4.4x10° | 1.50

2500| 1.1x107 | 6.0x10°| 0.79 | 8500 | 8.7x10° | 2.9x10° | 2.01

3000|8.2x10°|5.2x10°{ 0.58 | 9000 | 7.0x10° | 1.7x10° | 3.00

3500|7.6x10°| 4.5x10%| 0.70 | 9500 | 3.5x10° | 1.0x10° | 2.43

4500|5.4x10°( 3.1x10%| 0.7310000| 3.2x10° | 4.8x10* | 5.79

5000|3.4x10° | 2.5x10°| 0.32 [10500| 2.3x10° | 2.5x10* | 8.00

5500|3.2x10°|2.0x10°| 0.59
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Fig. 9. Strain in the spar w.r.t. bending moment

Fig. 10. Strain in the rib under gust load
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Fig. 11. Buckling of the rib under gust load

Table 6. Analysis result of the rib
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BL |Stacked Com- BL  |Stacked Com-
(mm) | Ply [ponent M.S. (mm) | Ply |ponent M.S.
—-830 [0° ply| X |326]-5988|0° ply| X |1.79
-1330(90° ply| X | 1.31|-6485(90° ply| X |1.08
-1830(90° ply| X | 1.36|-6981(90° ply| X |1.27
-23830|0° ply | X |097|-7478|0° ply| X |1.72
-2830|0° ply | X 125 |-7974 | 0° ply | X 1.94
-3330|0° ply | X |1.52]|-8471|0° ply| X |3.38
-3830|{0° ply| X |1.40|-8967|0° ply| X |2.63
-4000| 0° ply | X 1.30 | -9462 [0° ply | X [11.11
-4000|{0° ply | X |1.30]-9958|0° ply| X |4.88
-4500| 0° ply | X |0.34|-10456|0° ply| X |5.39
-4996|90° ply| X |0.42|-11050]0° ply | XY [10.96
-5492|90° ply] X |0.53

Table 7. Buckling analysis result of the rib

Eigen
value

Eigen

BL(mm)
value

M.S. | BL(mm) M.S.

-830 3.239 224 | 5974 | 1.812 0.81

-1,330 | 3.070 207 | -6,475 | 3.880 2.88

-1,830 | 3.367 237 | 6972 | 1.356 0.36

-2,330 | 3.403 240 | -7,468 | 1.637 0.64

-2,830 | 3.296 230 | -7,965 | 2.639 1.64

-3,330 | 3.528 253 | -8,461 | 3.002 2.00

-3,830 | 2.944 194 | -8958 | 3.570 2.57

-4,000 | 2.026 1.03 | -9,458 | HIGH | HIGH

-4,000 | 2.026 1.03 | -9955 | HIGH | HIGH

-4,485 | 1.686 0.69 |-10,453| HIGH | HIGH

-4981 | 1.193 0.19 |-11,046| HIGH | HIGH

-5477 | 2.470 1.47
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