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A B S T R A C T

Digital twins have emerged as one of the leading technologies in Industry 4.0. Their applications in 
manufacturing, agriculture, energy, and healthcare are gaining significant attention due to their diverse capa
bilities. Despite this growing interest, there is limited literature on applications of digital twins in engineering 
design and product optimization. To address this gap, this study aims to develop a digital twin framework for 
optimizing a specific component, using a case study of an Unmanned Aerial Vehicle (UAV) arm. The primary 
objective of this paper is to conceptualize and establish methodological steps to build a digital twin using diverse 
sources of data. In the process of developing the digital twin, different data-driven methods, such as neural 
network-based models, Dynamic Mode Decomposition (DMD), and Response Surface model (RSM), are evaluated 
based on different metrics. By using the developed digital twin, the study seeks to enhance the design for the UAV 
arm under varying working conditions. Results show how this digital twin enables design optimization, real-time 
monitoring, and performance optimization. Additionally, this study highlights the technical challenges and 
fundamental elements required to form a digital twin that assists in the engineering design process. Surrogate 
models are employed to mirror the physical behavior of a UAV arm within the simulation environment. A digital 
twin, designed with simulation data, is created to perform design optimization. This digital twin enables 
simulation-driven design and monitoring, aiming to optimize performance under varying conditions while 
reducing trial-and-error costs in engineering design and manufacturing. The findings confirm the effectiveness of 
the digital twin in optimizing designs.

1. Introduction

Design in engineering could be defined as an iterative and systematic 
procedure which employs creativity, experience as well as accumulated 
disciplinary knowledge. This process begins with a set of novel ideas and 
concepts that eventually lead to a product that meets a specific set of 
criteria defined by the user related to functionality, manufacturability, 
maintenance, reliability, ergonomics, efficiency and, cost (Alexandru 
et al., 2020). A computational design approach is a multidisciplinary 
field which employs computational techniques, e.g., optimization and 
machine learning, to create design applications and create new design 
concepts and strategies (Çaǧdaş and Çolakoǧlu, 2009). The future of 
engineering design to manufacturing processes requires us to overhaul 

the current engineering approach (Flores Ituarte et al., 2019), where 
there is minimal interaction between material systems engineering, 
design engineering, and manufacturing processes (Gu et al., 2021). G. B. 
Olson (Olson, 1997) introduced the seminal idea of computational 
design of materials, where materials can be described as multi-level 
systems with quantitative conceptual design linkages at the process, 
structure, property, and performance. The performance rests on the twin 
pillars of process-structure and structure–property relations. Ultimately, 
linking material properties and part design to performance is a matter of 
balancing trade-offs, turning the process into a multi-objective or 
multidisciplinary optimization problem (Panchal et al., 2013).

Traditional engineering design methods in manufacturing process 
modeling are model-driven (MD) (i.e., computational intelligence). 
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