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Quantum Annealing-Based Stacking Sequence Optimization and
Impact Performance Evaluation of Natural Hybrid Composites

S. Cho*, Cheol Min Shin**, Hyun Woo Kim**, Sang Deok Kim**, Chung Woo Park**, Seong S. Cheon™'

ABSTRACT: Natural hybrid composites are considered promising alternatives to conventional synthetic composites due
to their eco-friendliness, light weight, and low cost. In this study, quantum annealing (QA) was applied as a strategy
to maximize the impact energy absorption performance of such composites. The stacking sequence optimization was
performed on 114 variables derived from the combinations of six natural fibers (Bamboo, Flax, Hemp, Ramie, Jute,
and Kenaf) and 19 fiber orientation angles. The bending characteristics of each combination were evaluated through
radius of curvature analysis based on classical laminate theory, and the resulting values were used as indicators of
deformation resistance under impact loading. The objective function was reformulated into a Quadratic Unconstrained
Binary Optimization (QUBO) model and embedded into a quantum annealer. QA-based combinatorial optimization
was conducted under specific gravity and cost constraints, and the resulting stacking configurations were evaluated
through Charpy impact simulation. The analysis revealed that combination D, in which Ramie and Jute fibers were
complementarily stacked, achieved the highest impact energy absorption.
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Table 1. Material properties and costs of each natural fiber

candidate
mer | S| | B || Cos
gravity (GPa) (GPa) %) ($/kg)
Bamboo [5] 1.40 0.5 35 1.4 0.2
Flax [1] 1.50 1.5 80 3.2 1.8
Hemp [1] 1.48 0.9 70 4.0 1.8
Ramie [1] 1.50 0.9 128 3.8 2.2
Jute [23] 1.46 0.8 40 1.8 0.1
Kenaf [24] 1.50 0.9 4 1.6 0.5
Table 2. Material properties of epoxy resin [25]
Matrix Specific gravity | E (GPa) v
8552 Resin 1.30 4.67 0.37
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Table 3. Smeared properties of each natural composite

Natural Specific E, E,
composite gravity (GPa) (GPa)
Bamboo 1.357 22.21 13.56 0.33
Flax 1.414 47.61 16.15 0.39
Hemp 1.403 4191 15.81 0.38
Ramie 1.414 74.97 17.13 0.33
Jute 1.391 24.81 14.02 0.22 . )
Kenaf 1.414 4.46 439 0.34 1e1
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Fig. 1. Stacking sequence of natural hybrid composite
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