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A Study on the Optimal Design of UAM Composite Boom Structures
through RVE-Based Structural Analysis

Ji-Hun Seok*, Seonghun Park*’, Sung-Youl Bae**'

ABSTRACT: This study aimed to evaluate the feasibility of optimal design for composite aircraft structures by
calculating material properties for structural design based on a Representative Volume Element (RVE) approach.
Traditional composite structure design for aircraft typically requires conservative safety factors due to limited
consideration of factors like manufacturing parameters, degradation effects, curing temperature, and post-curing,
which restricts lightweight design and optimization. Additionally, calculating the design properties of traditional
composite structures required repeated lamina-level experiments that reflect the actual materials and processes used in
manufacturing, with further experiments needed for changes in base material, fiber content, and additives. In this
study, RVE-based analysis was used to calculate design properties that incorporate composite microstructural
characteristics (such as porosity and fiber content), and these results were compared with those from conventional
analysis to assess the potential for optimal design. The analysis showed that traditional methods had a 30% deviation
from experimental values, while the RVE-based approach achieved a deviation within 4%, demonstrating higher
accuracy. Applying this approach to the design of Urban Air Mobility (UAM) boom structures resulted in over 40%
weight reduction compared to traditional aluminum alloys while maintaining adequate structural stability. This study
suggests that RVE-based analysis is an effective method for predicting properties in the early design stage,
contributing to performance optimization and weight reduction. Thus, RVE-based analysis shows potential for broad
application in lightweight structure design for aircraft and UAM systems.
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Fig. 1. RVE model illustrating the distribution of fiber, matrix
and voids
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Fig. 2. Geometric dimensions and meshing of three-unit cells in
afiber bundle

Table 1. Mechanical properties of the fiber and matrix materials

Table 2. Properties of the composite materials

Tensile Tensile Densit
Specimen name Strength | Modulus ( /cm})’
(MPa) (GPa) §
Carbon fiber
4047.4 2 1.
(T-300) 047 30 8
Fiber Gl b
ass fiber
1933.1 2.
(E-Glass) 933 89 6
Matrix | Bisphenol-A 60 3.0 1.2

Specimen name CFRP GFRP
Tensile Strength
2038.4 886.7
Mechanical (MPa)
Properties  [[ongitudinal Modul
p ongitudinal Modulus 118.4 375
(GPa)
Microstructural Porosity (%) 4.8% 6.8%
properties Fiber contents (%) 70 70
3.2 ZA =d
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Fig. 3. Material orientation of fibers and boundary conditions
for loading types in the RVE model
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Table 3. Comparison of mechanical properties predicted by dif-
ferent analysis methods

Microstruc-
Analysis  Theoretical Conventional 1c1t'1(;:eruc Experimen-
Method  Prediction  analysis . tal result
analysis
~ ' "y Ll
-z Il
Diagram ” \ 2l
o= B+ Bk > ‘ . b H
E 1621GPa  124.2GPa 118.3GPa 119.0GPa
CFRP
D 36.2% 4.4% 1.7% -
E  522GPa 39.8GPa 37.0GPa 36.0GPa
GFRP
D 45.1% 10.6% 3.8% -

*E: Longitudinal Modulus, D: Difference
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Fig. 4. Longitudinal modulus comparison of CFRP and GFRP
with void content (Conventional vs. Microstructure analysis)
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Fig. 5. Transverse modulus comparison of CFRP and GFRP with
void content (Conventional vs. Microstructure analysis)
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Table 4. Mechanical properties of FRP specimens

Mechanical properties CFRP GFRP
E,, (GPa) 118.3 37.0
E,,= E, (GPa) 9.0 9.6
G,,= G, (GPa) 3.1 3.25
G,; (GPa) 2.1 2.24
V), = Vg5 0.27 0.23
o,, (MPa) 2038.4 886.7
p (kg/m?) 1,620 2,040

Table 5. Mechanical properties of metal specimen

Material
Mechanical properties
Aluminum 6061-T6

E (GPa) 69.0
G (GPa) 2.6

v 0.33
O, (MPa) 313.1
p (kg/m?) 2713
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Fig. 8. Loading and boundary conditions
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