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ABSTRACT 

Tube-launched unmanned aerial systems (UAS) are novel systems that have been developed 
by various aerospace companies in recent years. They are morphing systems, where the lifting 
surfaces can rotate inwards such that the system fits within a narrow launch tube. The UAS is 
then launched from the tube, akin to a missile. Briefly after leaving the tube, its lifting 
surfaces unfold, and it takes the form of a fixed wing UAS.  
 
Such systems can also be launched in-air, from another aircraft, also known as the carrier 
aircraft. As these aircraft are much larger than the UAS, the flight envelopes of both systems 
are unlikely to overlap. Moreover, such launches are accompanied by a strong coupling 
between the aerodynamics, structural dynamics and flight dynamics. This results in highly 
unsteady loading during the launch phase. 
 
Thus, there is a clear interest in developing models that can be used to numerically simulate 
such launch procedures for different flight conditions. This can help determine whether 
structural limits are exceeded during launch, whether the UAS is controllable after launch, 
and whether the UAS can be safely launched from the carrier aircraft without risk of collision. 
 
Literature review 
The analysis of the dynamics of such systems is not new [1]. However, usually at least one of 
the physical domains is ignored. For example, Cheng et al. [2] consider the aerodynamic 
modelling of a tandem wing in straight flight with rigid wings. Selitrennik et al. [3] do include 
structural models for the wings, but assume the fuselage to be clamped. Cheng et al. [4] do 
include the flight dynamics, but do not include a structural model.  
 
The overall objective of the research is to study the characteristics of the flight dynamics and 
structural dynamics of air-launched UASs during the launch phase. To achieve this objective, 
a new software framework for the numerical simulation of air launched morphing UASs is 
developed. This framework has been used to implement a body-freedom aeroelastic model of 
such UASs; that is, the aerodynamics, flight dynamics and structural dynamics are included. 
 
Modelling 
The aerodynamic and flight dynamic models have been discussed previously in [5] but are 
mentioned here for completeness’ sake. The aerodynamics are modelled through a custom 
unsteady vortex lattice model (UVLM), combined with a vortex particle method (VPM). The 
VPM offers multiple benefits over classical wake treatments in the UVLM. By converting 
wake panels into vortex particles, risk of collision with downstream geometry is minimized. 
Furthermore, it allows for use of the Fast Multipole Method (FMM), improving the scaling of 
the computational cost of the wake interactions from 𝒪(𝑁ଶ) for 𝑁 wake panels to 𝒪(𝑁) for 𝑁 



vortex particles. The FastMultipole.jl-library has been used to implement the FMM in our 
model [6]. 
 
The flight dynamic model is constructed by applying the Newton-Euler equations to the UAS 
as a whole, including terms that account for the relative motion of the lifting surfaces relative 
to the fuselage. The motion of the connecting hinges is prescribed, resulting in a closed 
system of equations.  
 
The structural model is created by assuming the fuselage to be rigid, and the lifting surfaces to 
be 1D-beams in 3D space. The beams are modelled as Timoshenko beams, using the PyFe3D 
library [7]. The beam equations are formulated in a reference frame that co-rotates with the 
wing deployment. 
 
These models are coupled through a custom co-simulation framework. This framework, 
written in C++, allows the user to define simulation units (SU) consisting of custom model, 
input, state and output classes. Each SU can also contain a number of child SUs, resulting in  
a hierarchical structure that allows the user to intuitively represent a multi-physics multi-body 
problem. This framework will be discussed in more detail in the forthcoming conference 
paper. 
 
Results 
The aeroelastic model has been verified using the Goland wing [8]. Figure 1 shows the 
vertical deflection at the tip of the wing for the first second of a simulation, for different free 
stream velocities. It is evident that the flutter speed is approximately 160 m/s with a flutter 
frequency of approximately 10.81 Hz, in line with values found in literature. Figure 2 shows a 
snapshot of the output of the solver when simulating a Goland wing at a freestream velocity 
above the flutter speed. 
 

 

 
 
 
 

 
The body-freedom aeroelastic model has been applied to a sample tube-launched UAS. Figure 
3 & 4 show snapshots of the output of the solver during this operation. The results of these 
simulations will be elaborated in more detail in the upcoming conference paper.  
 
 

Figure 1 - Tip deflections of a Goland wing for different free 
stream velocities. 

Figure 2 – Snapshot of the displacement of and flow around a 
fluttering Goland wing. 
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Figure 4 – Morphing UAS towards the end of the launch phase, 
with its wings almost fully deployed. 

Figure 3 – Morphing UAS during the beginning of the launch 
phase, with its wings still mostly folded in.  


