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Structural Optimization of 3D Printed Composite Flight Control Surface
according to Diverse Topology Shapes

Myeong-Kyu Kim*, Nam Seo Goo**, Hyoung-Seock Seo*'

ABSTRACT: When designing ships and aircraft structures, it is important to design them to satisfy weight reduction
and strength. Currently, studies related to topology optimization using 3D printed composite materials are being
actively conducted to satisfy the weight reduction and strength of the structure. In this study, structural analysis was
performed to analyze the applicability of 3D printed composite materials to the flight control surface, one of the parts
of an aircraft or unmanned aerial vehicle. The optimal topology shape of the flight control surface for the bending
load was analyzed by considering three types (hexagonal, rectangular, triangular) of the topology shape of the flight
control surface. In addition, the bending strength of the flight control surface was analyzed when four types of
reinforcing materials (carbon fiber, glass fiber, high-strength high-temperature glass fiber, and kevlar) of the 3D
printed composite material were applied. As a result of comparing the three-point bending test results with the finite
element method results, it was confirmed that the flight control surface with hexagonal topology shape made of
carbon fiber and Kevlar had excellent performance. And it is judged that the 3D printed composite can be sufficiently
applied to the flight control surface.
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Table 1. Laminate information of tensile specimen [12]

Tensile Specimen Material Printing direction | Totallayer |Total layer thickness [mm] | LengthxWidthxHeight [mm]

Onyx [+£45°], 4 0.5

Carbon fiber [0°]4 8 1.0 250x15%2.0
0 Onyx [+£45°], 4 0.5
Onyx (+45°] 1 0.1

Reinforcement [0°] 4 18 1.8 250x15%2.0
Onyx [-45°] 1 0.1
Onyx (+45°], 4 0.5

Carbon fiber [£45°] 16 2.0 250x25%3.0
450 Onyx [+45°], 4 0.5
Onyx [+45°] 1 0.1

Reinforcement [£45°];, 20 2.0 250x25x2.2
Onyx [-45°] 1 0.1
Onyx [+45°], 4 0.5

Carbon fiber [90°]6 16 2.0 175x25%3.0
90° Onyx [+£45°], 4 0.5
Onyx [+45°] 0.1

Reinforcement [90°]5, 30 3.0 175%25%3.2
Onyx [-45°] 1 0.1

Reinforcement: fiberglass, HSHT fiberglass and kevlar
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Table 2. Comparison of elastic modulus between tensile test and

(a) Hexagonal (b) Rectangular (c) Triangular

FEM results [12]
Tensile . Experiment FEM Consis-
Specimen Material result [GPa] result tency [%]
[GPa]
Carbon fiber 42.0 41.1 98.1
3 Fiberglass 23.1 235 98.3
0 HSHT fiberglass 23.3 23.6 98.7
Kevlar 32.6 32.7 99.7
Carbon fiber 2.88 2.70 93.8
. Fiberglass 0.32 0.36 87.5
= HSHT fiberglass 0.73 0.81 88.6
Kevlar 0.36 0.41 86.1
Carbon fiber 1.57 1.34 87.9
. Fiberglass 0.30 0.28 93.3
%0 HSHT fiberglass 0.41 0.37 90.2
Kevlar 0.33 0.35 93.9

fiberglass), Al &2} (kevlar)2} 7] 23] = (composite base)
2% 292 (onyx) = IGAIHES AAFSHATE ZF 1A
-2 ASTM D3039[10]9} ASTM D3518[11]¢] w}e} =2l e
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Fig. 1. The cross section of flight control surface

Fig. 2. Flight control surface model (Hexagonal)

Fig. 3. Flight control surface model (Rectangular)

Fig. 4. Flight control surface model (Triangular)
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Table 3. Material properties [12]

Pr[‘%’;;:]‘es Symbol| Onyx | CF | GF |HSHT GF|Kevlar
Elastic modulus El 1.61 | 42.0 | 23.1 23.3 32.6
[GPa] E, | 161 |288|032| 073 | 036

G, |052]157]030] o041 | o033

Shea[rg;‘:]iulus Gy | 052 059|011 015 | 012
Gy, | 052|157]030| o041 | 033

Poisson’s ratio
[-]
Tensile strength| S,

Vi, 0.49 | 0.33 | 0.45 0.47 0.56

36.13 | 466.6 | 390.0 | 377.5 | 457.9

[MPa] S, |36.13|15.05| 323 | 685 | 3.40
Shear strength

46.27 | 52.62 | 33. 1254 | 132.

(MPa] S, |4627 5262|333 5 325

Table 4. Laminate information of flight control surface

Material i?er::;i Total layer LaY[eI; r‘:;i]dth
Onyx 0° 1 0.4
Onyx o 1 0.4

Reinforcement 0° 1 04

Reinforcement: Carbon fiber, fiberglass, HSHT fiberglass and
Kevlar

Fig. 5. FE model and coordinates
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Fig. 7. Boundary conditions

Fig. 8. Load conditions
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Table 5. Maximum stress of experimental and FEM results

Result Topology Material Maximum
shape stress [MPa]
- CF1114, Balsa 11.7
Experiment
Hexagonal CE, Onyx 13.8
CE Onyx 13.5
- { GE Onyx 9.5
exagona
8 HSHT GE Onyx 10.4
Kevlar, Onyx 12.2
CE Onyx 6.7
GE Onyx 4.1
FEM Rectangular ISHTGEO i
, Onyx .
Kevlar, Onyx 5.8
CFE, Onyx 10.1
Tri 1 GE Onyx 6.4
riangular
& HSHT GFE Onyx 7.1
Kevlar, Onyx 8.7
O Carhon fiber - Hexagonal OCF1114, Balsa
16 + B Carbon fiber OFiberglass
CHSHT Fibergliss OKevlar
11.6
11 + 1.3
= o 103" (X}
£ =l
= |
= |
b I : 59 . w: :
4 | : 3437 ||
| 1 | 1 (M
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Experiment Hexagonal Rectungular Iriangular
FEM results

Fig. 12. Flexure strength comparison based on diverse topol-
ogy shapes
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Fig. 13. Flexure strength comparison based on materials(FEM
results)
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