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Abstract.

This work introduces a unified framework for the multi-objective optimisation of lightweight
sandwich panels, integrating the Sublaminate Generalised Unified Formulation with the Direct
MultiSearch algorithm. Structural responses are predicted using the Sublaminate Generalised
Unified—Ritz approach, while radiated sound power is evaluated through a directly coupled
Rayleigh-based method that enables accurate and computationally efficient vibroacoustic
assessment across a wide range of panel configurations.

The optimisation space spans six candidate materials—including metals, composites, cores, and
viscoelastic layers—together with ply thicknesses, fibre orientations, and symmetry constraints,
with Hashin criteria ensuring structural integrity. The resulting Pareto sets reveal a clear trade-off
between mass and vibroacoustic performance: lightweight carbon-fibre-reinforced plastic panels
exhibit strong radiation at resonance, whereas heavier, well-damped metallic and hybrid solutions
achieve markedly lower sound power levels.

Overall, the proposed Sublaminate Generalised Unified Formulation—Direct MultiSearch
framework provides a robust and extensible foundation for physics-informed optimisation of
lightweight vibroacoustic structures.

Introduction

The development of high-performance lightweight structural systems is a primary objective in
aerospace and automotive engineering, where mass reduction directly correlates with improved
fuel efficiency and reduced environmental impact. In aerospace applications, marginal weight
reductions can lead to substantial savings in fuel consumption and greenhouse gas emissions over
the lifecycle of an aircraft. Similarly, in the automotive sector, reducing vehicle weight enhances
fuel economy and general performance while maintaining safety and durability standards.
Achieving these targets requires the integration of advanced materials and robust multi-objective
optimisation strategies to navigate the trade-offs between conflicting requirements, such as
structural stiffness and acoustic insulation or strength and cost.



Among contemporary structural solutions, sandwich panels provide a high stiffness-to-weight ratio
and multifunctional adaptability. These panels, typically comprising stiff outer skins and a
lightweight core, can be tailored through strategic material selection and layering strategies.

The present work advances the state of the art by introducing a unified framework for the broadband
vibroacoustic optimisation of hybrid panels. Unlike previous studies by some of the authors—
which focused on active control or specific damping configurations — this research integrates
refined through thickness structural kinematics with broadband radiation-based acoustic metrics.
The specific contributions are: (i) Unified computational framework: The SGUF coupled with the
Ritz method is integrated for the first time with the DMS algorithm for multi-objective
optimization; (ii) Broadband vibroacoustic objective: A scalar objective function based on the arc
length of the radiated sound power spectrum is proposed to capture frequency dependent behaviour
across the entire band of interest; (iii) Comprehensive design study: The methodology is
demonstrated on a design space comprising six material families (steel, aluminium, CFRP, GFRP,
honeycomb, viscoelastic) with Hashin failure constraints.

Unlike most existing vibroacoustic optimisation studies, which rely on finite elements or surrogate-
based approaches, the present framework integrates refined SGUF structural modelling with
broadband acoustic metrics within a deterministic derivative-free multiobjective optimisation
setting. Insert introduction content here.

Methodology

In this work, a multi-objective optimisation strategy based on the Direct MultiSearch (DMS)
algorithm, originally proposed by Custddio et al. [1], is employed. The DMS algorithm belongs to
the broader class of direct search methods, which have been extensively studied due to their
robustness and suitability for derivative-free optimisation in both single and multiobjective
contexts. These approaches are particularly effective when objective functions are expensive to
evaluate, lack analytical gradients, or are treated as black boxes, as is common in vibroacoustic
simulations using the SGUF framework.

The Sublaminate Generalised Unified Formulation (SGUF) is a versatile and computationally
efficient framework for modelling layered composite structures, allowing the seamless integration
of various materials, geometries, and boundary conditions within a single unified approach [2, 3].
The proposed optimisation framework is developed under the following modelling assumptions:
(i) The structural response is linear, assuming small deformations and harmonic steady-state
excitation; (ii) Material behavior is linear elastic for metallic and composite layers. Viscoelastic
layers are modelled using a frequency-dependent complex modulus based on a discrete Prony-
series (generalized Maxwell) representation; (iii) Perfect bonding is assumed between all layers,
with no interfacial slip or delamination; (iv) The plate is assumed to be flat, with no geometric
nonlinearities or initial imperfections; (v) Structural boundary conditions are simply supported
along all edges; (vi) Acoustic radiation is computed using the Rayleigh integral, assuming the plate
is mounted in an infinite rigid baffle and radiates into a semi-infinite fluid domain; (vii) A one-way
vibroacoustic coupling is considered: the structural vibration field generates acoustic radiation, but
the radiated acoustic pressure does not feed back into the structural response.

The sandwich panel optimisation problem is formulated as a constrained multi-objective problem,
where the design vector includes material indices, fibre orientation angles, and layer thicknesses.
Each candidate panel configuration is evaluated with respect to mass and acoustic objectives. To



assess structural integrity the stress-based Hashin failure criterion is applied to evaluate the failure

indices of each individual ply.

Numerical Results
A sandwich plate is considered, with in-plane dimensions of 300mm % 200mm. For the present

optimisation framework, each sandwich panel is defined physically as a stack of six plies drawn
from the material palette. These plies may correspond to stiff skins (steel, aluminium, CFRP,
GFRP) or to weak/thick core layers (honeycomb or viscoelastic). The physical arrangement is
described by the material type, ply thickness, and fibre orientation, together with a global symmetry
condition. This definition reflects how a real panel would be manufactured: thin and stiff face-
sheets enclosing one or more core plies, with optional damping interlayers.

The boundary conditions for all simulations correspond to simply supported edges, ensuring
comparability with previous studies and simplifying modal analysis. The loading is a uniform
impulsive pressure applied to the bottom surface of the plate at t=0. The displacements and
velocities are calculated through the plate's response at the top surface. The DMS optimisation was
executed until the termination criterion was satisfied, requiring a total of 4048 objective function
evaluations. The final nondominated set comprises 123 distinct configurations spanning the mass

vibroacoustic trade-off (Figure 1). The well-distributed nature of the Pareto front and the consistent
satisfaction of the Hashin failure constraints across all solutions provide empirical evidence of the
robustness and practical convergence of the optimisation process. Also in Figure 1 is the
representation of the sound power level versus frequency for the selected sandwich panel

configurations.
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Figure 1 — Pareto Front with analysed plate configurations highlighted (left) and sound power level
of the selected sandwich panel configurations (right).

Conclusions
The results demonstrate that the combined SGUF-DMS approach enables high-fidelity predictions

of both structural and acoustic responses across a wide variety of sandwich panel configurations.
The Pareto fronts obtained clearly illustrate the fundamental trade-off between minimising mass
and enhancing sound insulation, allowing for the identification of optimal compromise solutions
suitable for diverse engineering applications. Detailed comparison of selected designs confirms the



effectiveness of including viscoelastic layers and thicker cores to achieve substantial reductions in
radiated sound power, with all resulting configurations meeting the imposed failure criteria for
composite and metallic layers.

The methodology established in this work provides a comprehensive foundation for future research
on multi-functional composite structures, including the integration of additional objectives, more
advanced biocomposite systems, or manufacturing constraints. Such developments will be critical
for advancing the design of next-generation lightweight, sustainable, and acoustically efficient
components for acrospace, automotive, and related industries.
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