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In this research, the deficiencies in structural performance and aerodynamic 
performance of UAV wings fabricated with conventional materials have been 
investigated to identify how composite material can improve them. A quantitative 
study using CFD, FSI, and modal analysis is used to evaluate the AAI Shadow-200 

RQ-7 UAV wings performance. With SOLIDWORKS for the geometry of the 
structures and ANSYS for the simulations, the performance of Epoxy Carbon UD 
Prepreg and Epoxy/glass fiber UD prepreg QI composites are compared to that of the 
conventional aluminum. The results reveal that the use of Epoxy/glass fiber UD 
prepreg QI offers the best safety factor, least deformation, and a greatly enhanced load 
carrying capacity. This research has added significant knowledge into the 
improvement of UAV wing design, the enhancement of the use of composite material 
in aerospace engineering, and has given a sound framework for the design of the next 

generation UAVs. 
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1. Introduction 

Aircraft systems which operate without a 

human pilot onboard, and are remotely 

controlled or fly autonomously using on board 

sensors and GPS [1]. Since the early 1900s, 

UAV technology has changed from being 

experimental military tools to the versatile 

platforms used in agriculture, in disaster 

response, in military operations, and for 

civilian applications [2]. Traditional practices 

in different areas have been revolutionized by 

UAVs. As agriculture, they supply intricate soil 

analysis, crop health assessment, precise 

administration of treatments and effective 

management of irrigation systems. UAVs are 

used in military operations for surveillance, air 

strikes, bomb identification and to maintain 

security to reduce human risk and enhance 

mission efficiency. Photography, delivery, 

disaster rescue, archaeological surveys, 

geographic mapping, health monitoring, 

livestock surveillance, safety inspections, and 

atmospheric research are some of their civilian 

uses [3]. UAVs have a wide range of 

applications and can perform tasks which are 

risky, difficult or time consuming for human, 

and play a pivotal role in the technological 

advancement and usefulness of the applications 

in various domains. 

Many studies have been carried out in the 

field of UAV design and optimization to solve 

different problems and to enhance the 

performance of the aircraft. Previous study [4] 

studied the design and aerodynamic problems 

of a high altitude, fixed wing mini-UAV, which 

highlighted the significance of airfoil selection 

and taking into account lower air density and 

temperature for high altitude flights, and it was 
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shown that the UAV worked unstable when 

used in conditions other than it is designed to 

flight. Another study [5] optimized the 

structural design of fixed wing UAV's wing 

with a lightweight beam type design to improve 

the aerodynamic efficiency of the wing, 

producing a design applicable to the 

development of more efficient and longer 

flying UAVs. In a related study [6], the one 

way fluid material interaction on a plunging 

NACA 2412 modelled UAV wing, was 

studied, which revealed significant changes in 

wing deflection from 30 60 percent at different 

Reynolds numbers and angles of attack, 

demonstrating the significance of including FSI 

analysis in UAV wing design. In addition, a 

study [7] examined how composite materials 

could be used to reconfigure and analyze a tail 

sitter (VTOL) UAV wing, resulting in a 

44.17% weight reduction and better 

performance than for aluminum wings. This is 

built upon by a subsequent study [8] using FSI 

simulations to analyze the aerodynamic 

behavior and structural responses of composite 

laminate wing skins, demonstrating the benefits 

of honeycomb structures to increase UAV wing 

durability and aerodynamic performance. A 

fixed wing UAV development and 

manufacturing process was studied in another 

comprehensive study [9], using computational 

tools and numerical analyses to strike a balance 

between weight and durability. A study [10] 

extended beyond fixed wing designs to design 

a computational framework to analyze FSI 

effects in passive feathering and cambering of 

flapping insect wings and provides valuable 

data for the design and optimization of 

bioinspired flapping wing systems. In a study, 

the effect of camber morphing on aeroelastic 

and aerodynamic performance of wings was 

also investigated [11] presents a new method 

for trailing edge deformation implementation 

based on an innovative shape memory alloy 

actuator showing that downward deflection of 

the trailing edge led to increased lift. A second 

study [13] investigated the structural analysis 

of UAV wings subject to wind gust using FSI 

analysis which showed that the maximum 

stress was still far below the critical value even 

under gust conditions. A study [14] developed 

a unique FSI environment to investigate the 

aerodynamic performance of flapping wings, 

by combining high fidelity fluid dynamics and 

structural mechanics simulations, and provided 

some insights for the design of more effective 

FWMAVs exploiting the aerodynamic benefits 

of flexible wings. 

The application of advanced composite 

materials to enhance the structural performance 

and aerodynamic efficiency of the AAI 

Shadow-200 RQ-7 UAV wing has research 

gaps. However, there are no complete 

comparative analyses of structural, 

aerodynamic, and vibrational properties of the 

UAV wings made from aluminum alloys and 

advanced composites like Epoxy Carbon UD 

Prepreg and Epoxy/glass fiber UD prepreg QI 

in current literature. Current data is insufficient 

to determine the optimal composite 

configuration that enhances the wing 

performance and safety of the UAV under 

different loading conditions. Furthermore, the 

use of computational fluid dynamics (CFD), 

fluid structure interaction (FSI), and modal 

analysis in conjunction to evaluate the potential 

advantages of composite materials on UAV 

wing structures is rarely found in the literature, 

and there is a demand for further investigation 

of the long-term durability and environmental 

effects on these materials. 

 

By building on previous work, our study 

enhances the understanding of UAV wing 

design by combining structural and 

aerodynamic simulations through CFD, FSI, 

and modal analysis while employing composite 

material to overcome certain performance 

constraints associated with aluminum wings. In 

contrast to Sharma et al.’s work [4], which 

discusses airfoil selection for high-altitude 

UAVs, our study includes an assessment of 

material impact under different aerodynamic 

loads. Rather than focusing on the wing 

structure as Yu [5] did without performing 

extensive analysis on the vibration of the 

structure, we carry out modal analysis to avoid 

any vibration or structural failure when in 

operation as a UAV. 

Moreover, Narayanan et al. [6] and Basri et 

al. [8] investigated the fluid material 
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interaction, but the current study advances 

them by employing a two way FSI with 

composite material which possess a higher 

safety factor and low deformation. In 

comparison to the recent work of El Adawy et 

al. [9] which emphasizes on lightweight design, 

our study remarkably finds that Epoxy/glass 

fiber UD prepreg QI composite is better for 

safety and performance. 

The novelty of our work is in combining 

CFD, FSI, and modal analysis in one paper, 

which is currently missing in the literature, in 

terms of the assessment of composite materials 

for UAV wings. The current paper offers 

significant findings on the best design of UAVs 

and lays a strong background for the 

subsequent research on durability and 

environmental resilience. 

In this research, the potential of advanced 

composite materials, namely Epoxy Carbon 

UD Prepreg and Epoxy/glass fiber UD prepreg 

QI to improve structural performance and 

aerodynamic efficiency of the AAI Shadow-

200 RQ-7 UAV wing will be investigated. An 

accurate CAD model of the wing will be 

generated using SolidWorks software, and 

comprehensive numerical analyses with 

ANSYS will be performed to study the 

aerodynamic behavior using computational 

fluid dynamics (CFD), to study the structural 

response under aerodynamic loads using fluid-

structure interaction (FSI), and to determine the 

vibrational characteristics of the wing with and 

without composite materials using modal 

analysis. The goal is to compare the 

performance of the composite wing 

configurations against the conventional 

aluminum wing design, to determine the 

optimal composite material configuration, and 

to supply valuable information to industry for 

the design and development of advanced UAV 

wings. 

 

2. Methodology 

The comprehensive design and numerical 

analysis of the AAI Shadow-200 RQ-7 

unmanned aerial vehicle (UAV) wing are 

presented in this section. The UAV is designed 

with dimensions like the market offers, but not 

exactly, enabling a novel design approach. The 

AAI Shadow-200 RQ 7 UAV wing is modeled 

in detail using SolidWorks, a powerful 

computer aided design (CAD) software. A 

finite element analysis (FEA) software package 

ANSYS is used for the numerical analysis to 

investigate the wing's structural performance, 

aerodynamic efficiency, and vibrational 

characteristics. The governing equations and 

the criteria for each type of analysis are 

introduced prior to the analysis. The 

methodology consists of design process, 

computational fluid dynamics (CFD) analysis, 

fluid-structure interaction (FSI) analysis and 

modal analysis. Advanced composite materials, 

Epoxy Carbon UD Prepreg and Epoxy/glass 

fibre UD Prepreg QI are integrated to improve 

the structural performance and the aerodynamic 

efficiency of the AAI Shadow-200 RQ-7 UAV 

wing. 

A. Computational Fluid Dynamics 

Computational Fluid Dynamics (CFD) is 

based the numerical methods and algorithms 

applied to solve fluid mechanics problems. 

CFD has become indispensable in many 

industries, allowing to obtain detailed 

information about complex fluid flow 

phenomena that would be difficult to obtain in 

practice. The availability of user-friendly 

commercial software packages combined with 

the continuing increase in computational power 

has fueled a rapid growth in CFD. Using CFD 

engineers and researchers can design, optimize 

and study the behavior of fluids in a wide 

variety of applications in aerospace and 

automotive engineering, biomedical and 

environmental sciences. 

1) CAD Desing of Petroleum Pipelines 

 

a) Continuity Equation 

 

The Continuity Equation expresses the 

principle of mass conservation within a fluid 

flow [15]: 

     
  

  
      

 
               (1) 

ρ is fluid density (mass/volume), which 

quantifies how much mass there is in a unit 

volume of fluid;  
 

  is the flow velocity vector 

(distance/time) that conceptualizes area vs. 
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flow-rate; 
 

  
 is the time partial derivative, that 

says how the density values change with time 

at a point;  . is divergence operator that 

measures amount of "mass" exiting a volume at 

a point as a function of the velocity field. 

 

b) Momentum Equation 

 
     

  
                      (2) 

where: 

  is the fluid density, 

  is the velocity vector, 

  is the pressure, 

   is the viscous stress tensor, and 

  is the gravitational acceleration vector. 

 

c) Energy Equation 

The Energy Equation, based on the first law 

of thermodynamics, describes the conservation 

of energy within the fluid: 
     

  
                           

                                                                (3) 

where: 

  is the total energy per unit mass, 

including kinetic, internal, and potential 

energies, and 

  represents the heat flux vector. 

 

B. Fluid-Structure Interaction 

Fluid structure interaction (FSI) is a 

complex phenomenon which describes how a 

deformable structure interacts with the 

surrounding or internal fluid flow. Within FSI, 

the structural geometry deforms due to the fluid 

pressure field and fluid domain is 

simultaneously affected by the structural 

geometry. In analyzing mechanical structures 

subjected to fluid forces, FSI is important 

because the system performance is determined 

by the structure's ability to withstand fluid 

forces. FSI can be classified into two main 

approaches: one-way and two-way FSI. In one-

way FSI, structural deformations are 

considered small and are assumed to have a 

negligible effect on the fluid flow. In this 

approach, the fluid forces are transmitted to the 

structure without coupling of the structural 

response back to the fluid domain. When 

structural changes have little effect on the fluid 

flow, this method is applicable. On the other 

hand, two-way FSI includes the mutual 

interaction between fluid and structure. The 

structural deformations induced by the fluid 

pressure, and conversely the modifications of 

the fluid domain due to the structural 

deformations, produce a complex interaction 

that is therefore solved iteratively exchanging 

data between the fluid and structural domains 

until convergence is achieved. For engineering 

problems where the fluid structure interaction 

is important for the overall behavior of the 

system, two-way FSI is essential as the mutual 

effect is neglected otherwise may result in 

inaccurate predictions. 

 
Figure 1. (a) One-way and (b) two-way interaction 

approaches for fluid-structure integration [16] 

1. One-way FSI: Fluid forces are computed 

first and applied as loads on the structure, 

ignoring any feedback to the fluid: 

 fluid  ∫  
  

fuid 

                             (4) 

where   is the normal vector to the surface. 

 

2. Two-way FSI: The interaction considers 

both domains, where fluid pressure influences 

structural deformation and deformation affects 

fluid flow, solved iteratively: 

 fluid   structure    fluid   structure                (5) 

 

C. Finite Element Method 

We discuss the Finite Element Method 

(FEM), a powerful numerical technique for 

solving complex engineering and mathematical 

physics problems. Large systems are 

discretized into smaller, manageable elements, 

and we approximate solution for each element 

using FEM. The broad use of this method is for 

structural analysis, heat transfer, fluid 

dynamics, and electromagnetic applications. 
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The FEM process consists of three main 

phases: The processes include preprocessing, 

solution, and postprocessing [17]. The domain 

is discretized, shape functions are assumed and 

element equations are developed in the 

preprocessing phase, followed by application 

of boundary conditions. Solving the system of 

equations is the solution phase and then 

analysis of the results and steps for 

improvement and more research is the 

postprocessing phase [18]. 

 

D. Composite Material 

From the combination of two or more 

different substances comes the composite 

material, a key step forward in the science of 

materials. They do this by combining fibers or 

particles with matrices such as polymers, 

metals, or ceramics to achieve characteristics 

superior to those of their constituent 

ingredients alone. Moving from bulk 

components to the use of carbon nanotubes and 

nanofibers is a huge step in technology and 

shows the wide spread influence that 

composites have in many areas [19]. They have 

pronounced utility in modern engineering, 

especially in offering improved stiffness, 

elasticity, and durability with a light weight 

profile. Synthesis of strength, stability and 

lightweight properties in composite materials 

like carbon fibre reinforced composites 

(CFRC) and glass reinforced plastic (GRP) is 

particularly remarkable in aerospace industry 

where aircraft performance and efficiency are 

significantly improved. [20]. 

1) Failure Criteria 

 

a) Maximum stress criterion 

 

The Maximum Stress Criterion for 

orthotropic laminae is an extension of 

maximum standard stress theory applied to 

isotropic materials. In the case that any of the 

principal stress components along the material 

axis is larger than the corresponding strength, 

this criterion fails. The conditions for a 

composite material not to fail according to the 

Maximum Stress Criterion are expressed as 

[19] :  

 

For longitudinal stress (  ) (along the fiber 

direction): 

                                (6) 

For transverse stress (  )  (perpendicular to 

the fiber direction): 

                            (7) 

For shear stress      (in the plane of the 

lamina): 

                                  (8) 

where       and        are the tensile 

and compressive strengths in the longitudinal 

direction, respectively.       and        are 

the tensile and compressive strengths in the 

transverse direction, respectively, and     is 

the shear strength. 

 

b) Maximum strain criterion 

 

The Maximum Strain Criterion, introduced 

in 1967, is used to forecast the failure of 

orthotropic laminae so that it is considered as 

an extension of the maximum normal strain 

theory for isotropic materials. This factor states 

that failure happens when any principal 

material axis strain component exceeds the 

corresponding ultimate strain. To avoid failure 

under this criterion, the material must satisfy 

the following inequalities [19]: 

The longitudinal strain ε 1  must remain 

within the bounds of the ultimate compressive 

strain −eL(−) and the ultimate tensile strain  

eL(+). The transverse strain  ε 2  must stay 

within the limits set by the ultimate 

compressive strain −eT(−) and the ultimate 

tensile strain eT(+). The absolute value of the 

shear strain γ 12  must not exceed the ultimate 

shear strain  let [19]. 

                            (9) 

                           (10) 

                               (11) 

 

c) Tsai-Wu failure criterion 

 The Tsai-Wu failure criterion provides a 

universal way of failure prediction of 

anisotropic materials, such as composites, by 

considering the intricate interrelations of 

various stress components. This criterion is 

particularly convenient for engineering of 

composite materials because materials tend to 
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have strength in different directions because of 

their anisotropic character [19]. 

                                     (12) 

In this equation, i,j= 1,2,…6 correspond to 

the stress components in a contracted notation, 

and    and     are material-specific constants 

determined through experimentation. This 

criterion considers both the individual stress 

components and their interactions. To predict 

failure accurately, the criterion stipulates that 

the equation's left side must not exceed 1, with 

failure predicted when this value reaches or 

surpasses 1. 

 

d) Tsai-Hill failure criterion 

The Tsai-Hill criterion reduces the Tsai-Wu 

criterion under certain assumptions regarding 

equal tensile and compressive strengths for 

predicting failure in composite materials. This 

criterion is based on the von Mises yield 

criterion and is modified to consider the 

anisotropy in composite materials [19].For 

cases of plane stress, where   ,             
    the Tsai-Wu criterion simplifies to [19]: 

     
       

        
            

                                                    (13) 

Here,     ,     ,      ,    ,     , and     are 

the material constants for the composite,     

and     are the normal stresses, and       is the 

shear stress in the plane of the lamina. 

 

 
Figure 2. Shows the failure surfaces for the 

Maximum Stress, Maximum Strain, and Tsai-Hill 

criteria in σ_1 , σ_2 stress space, demonstrating how 

each criterion predicts material failure under different 

stress conditions [19] 

e) Safety factor  

The safety factor, a main engineering principle, 

ensures that a component remains operational 

under specified conditions by maintaining a 

margin of safety against load increases or 

strength decreases. This built-in margin 

accounts for uncertainties in load, strength, 

material properties, and unforeseen stresses, 

safeguarding against failure. It is calculated by 

comparing the component's strength to its 

expected load [21]. 

  
 

 
                                  (14)

  

If the n > 1 The composite is safe and If the n < 

1 The composite fails. 

 

f) Inverse reverse factor 

The Inverse Reverse Factor (IRF) is proposed 

as a critical parameter to evaluate the failure 

susceptibility of the composite materials. IRF is 

employed to forecast composite failure, that is 

the load value/ IRF. There are two cases for it 

[22]:  

IRF > 1: The composite fails and IRF < 1: The 

composite is safe. 

 

E. Natural Frequency 

Natural frequency analysis is a technique that is 

utilized to identify the frequencies at which 

drives vibrate or structural components self-

oscillate due to an intrinsic vibration under 

conditions of a disturbance [23]. Numerical 

analysis is crucial for identifying resonant 

frequencies in UAV fixed wings, which, if 

matched with operational vibrations, can 

compromise structural integrity and safety. 

Avoiding these frequencies is key to preventing 

flutter, an uncontrollable oscillation that can 

lead to failure, ensuring UAVs remain stable 

and safe during operation. 

 

1) Natural Frequency Formulas 

a) General Formula for Natural Frequency 

[23].   

  
 

  
√

  

 
                                 (15) 

The natural frequency (f) of a wing of a UAV 

can be obtained through this equation, where E 

denotes the Young’s modulus of the material 

(stiffness), I stand for the second moment of 

inertia of the cross-section of the wing 

(bending resistance), and μ is the mass per unit 

length of the wing. This equation emphasizes 
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that the vibrational properties of a wing are 

closely connected with its materials properties 

and mass distribution [23]. 

b) Mass per Unit Length (μ) 

       additional                      (16)

  

This equation determines the wing mass per 

unit length of a UAV. ρ wing  the density of 

the wing material, Area A is, and μ additional  

considers any excess weight from the 

components or the payloads which are 

embedded within the wing. This equation 

makes sure that the inherent weight of the wing 

and the added weight from equipment or 

payload are considered in the analysis [23]. 

 

F. AAI Shadow -200 RQ-7 UAV Design 

The software used in this research for the UAV 

model design is SOLIDWORKS. The design of 

the UAV will be like the actual form and sizes 

available on the market, with slight changes. 

These changes will provide an opportunity for 

the aspect of new dimensions, including the 

analysis of composite materials, to be trialled 

since this is the main subject of this research. 

 

 
Figure 3. AAI Shadow -200 RQ-7 UAV Model 

Table 1: Dimensions of RQ-7 UAV 

Parameter Value 

Length 3.98 m 

Height 2 m 

Wingspan 4.43 m 

 

Figure 4. (a) Dimensions of wingspan, (b) Dimensions of total length 

However, the study will be conducted on the 

UAV's wing because it is the most appropriate 

part to place composite materials on. 

Therefore, the wing was separated from the 

plane, as the picture below shows. 
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Figure 5. AAI Shadow -200 RQ-7 wing length 

ANSYS software studies the CFD on a UAV, 

but before that, the UAV’s wing is placed in 

the fluid domain designed by SOLIDWORKS 

to form a tunnel for the air to be studied in the 

next section, which is what the figures below 

show. 

 

Figure 6. AAI Shadow -200 RQ-7 wing length (all 

domain) 

Table 2: Properties of the fluid domain 

Parameter Value 

Total Domain Length 12 m 

Total Domain Width 12 m 

Total Domain Hight 5 m 

 

G. AAI Shadow -200 RQ-7 UAV Numerical 

Analysis 
1) CFD analysis  

The first step is to create a mesh for the fluid 

domain around the UAV wing to get precise 

results in CFD analysis. Mesh settings and 

quality metrics are important for achieving an 

accurate and reproducible outcome. The figures 

and table that follow indicate the mesh 

generation process and its settings. 
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Figure 7. (a) Mesh results on a whole fluid domain, (b) Mesh results on a whole fluid domain 

The mesh settings used are in the table below. 

 
Table 3: Mesh Settings for Fluid Domain 

Mesh Method Tetrahedrons 

Algorithm Patch independent 

Max Element Size 400 mm 

Min Element Size 70 mm 

Face sizing 50 mm 

 

To check the reliability of the simulation, a 

grid independence test was performed where 

the mesh size was changed. This research used 

three mesh densities: coarse, medium, and fine, 

in which drag coefficient, lift coefficient, and 

the maximum deformation were measured and 

analyzed. The results have indicated that for a 

mesh density higher than the medium the 

values of these parameters became grid 

independent. Therefore, this medium mesh was 

decided for further analysis since it provides 

balance between the details and time 

consumption. 

The boundary conditions for the CFD analysis 

were appropriately defined to represent the 

fluid domain and flow conditions accurately. 

The inlet of the fluid domain was specified as a 

velocity-inlet, the outlet as a pressure-outlet, 

and the wing body and remaining surfaces as 

wall boundaries. These boundary conditions 

ensure that the flow physics is correctly 

captured in the computational domain, 

allowing for reliable and physically meaningful 

results from the CFD simulations. 

 

 

 
Figure 8. Boundary conditions of fluid domain for 

RQ-7 

After completing the mesh, the analysis 

settings were defined in Setup and presented in 

the table below. 

 
Table 4: ANSYS fluent analysis setup settings 

Iterations 1000 

Scheme coupled 

Gradient Least Squares Cells Based 

Pressure Second Order 

Viscous Mode k-epsilon (eqn) Realizable 

 

As discussed in the introduction of this section, 

the study was conducted at the UAV's 
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maximum speed to ensure a more accurate 

structural analysis. According to previous 

research, the RQ-7 UAV's maximum speed is 

218 km/h [24]. 

2) FSI Analysis 

This analysis will require a 3D solid aluminum 

wing. As previously mentioned, the first step 

will be generating a wing mesh. 

 

 

 
Figure 9. Mesh results on 3D wing of RQ-7 UAV 

 

 

Figure 10. (a) shows the fixed support and (b) The Imported pressure load on the RQ-7 UAV 

3) ACP Composite Materials Analysis 

The ACP (ANSYS Composite PrepPost) 

module will be used for composite analysis in 

UAV wing case studies, enabling precise 

specification of material types, thicknesses, and 

layups. This study focuses on Epoxy Carbon 

UD (230 GPa) Prepreg and Epoxy/glass fiber 

UD prepreg, QI composites, detailed in the 

subsequent tables. 

Table 5: Composite, Epoxy Carbon UD (230 GPa) Prepreg [25] 

Density 

(kg/m³) 

Young's 

Modulus (GPa) 
Poisson's Ratio 

Shear 

Strength 

(MPa) 

Shear 

Modulus 

(GPa) 

Tensile 

Strength 

(MPa) 

1490 121 0.4 60 4.7 2231 

Table 6: Composite, Epoxy/glass fiber, UD prepreg, QI [26] 

Density 

(kg/m³) 

Young's 

Modulus (GPa) 
Poisson's Ratio 

Shear 

Strength 

(MPa) 

Shear 

Modulus 

(GPa) 

Tensile 

Strength 

(MPa) 

1840 21 0.31 33 9.23 504 
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Ten layers of composite material, each 0.5 mm 

thick, will be added to each composite material 

case, resulting in a total thickness of 5 mm on 

the aircraft wing. 

 

 

Figure 11. RQ-7 Wing after composite material added 

After placing the composite material, the wing 

was re-linked in the Static Structure window to 

transfer the properties of the composite 

material to the FSI analysis and obtain the 

results. 

4) Modal Analysis 

The analysis will utilize ANSYS's Modal 

Analysis module to examine the UAV wing's 

natural frequencies, integrating findings with 

the FSI Static Structural module for 

comprehensive frequency determination. 
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Figure 12. (a) Project schematic for the first case study, (b) Project schematic for the second and third case study 

 

 

Figure 13. Convergence of solution of CFD analysis 
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Figure 14. Values of (a) drag coefficient, (b) drag force, (c) lift coefficient, and (d) lift force against solution 

iterations 

 

Figure 15. (a) Shows the pressure contours on the 3D wing, (b) Shows the pressure contours on the 2D section of 

the wing 

Table 7: Results of CFD Analysis 

Parameter Value 

Drag coefficient 0.04 

Drag force 2944 (N) 
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B. First Case Study  

1) FSI Analysis Results 

 
 

Figure 16. (a) Maximum Von-mises stress, (b) Total Deformation, (c) Equivalent Elastic Strain, and (d) Strain 

Energy of RQ-7 Wing when the material is aluminum 

Lift coefficient 0.41 

Lift force 30905.83 (N) 

Iterations for convergence 241 
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Figure 17. Safety Factor of RQ-7 Wing when the material is aluminum 

2) Modal Analysis Results 
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Figure 18. Modal analysis results of RQ-7 wing when the material is aluminum: (a) Mode 1, (b) Mode 2, (c) Mode 

3, (d) Mode 4, (e) Mode 5 

Table 8: Natural frequencies of the first case study 

Mode Frequency [Hz] Total Deformation (mm) 

1 14.916 4.25 

2 91.362 4.82 

3 97.839 4.30 

4 110.9 8.09 

5 247.83 5.46 

 

C. Second Case Study  

1) FSI Analysis Results 
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Figure 19. (a) Maximum Von-mises stress, (b) Total Deformation, (c) Equivalent Elastic Strain, and (d) Strain 

Energy of RQ-7 Wing when the material is Composite, Epoxy Carbon UD (230 GPa) Prepreg 
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Figure 20. (a) Safety Factor, and (b) Inverse reserve factor of RQ-7 Wing when the material is Composite, Epoxy 

Carbon UD (230 GPa) Prepreg 

Table 9: Safety factors values for different criteria for the second case 

 

 

Table 10: Inverse Reserve Factor values for different criterias for second case 

 

 

2) Modal Analysis 

 

Criteria Maximum Stress Maximum Strain Tsai-Wu Tsai-Hill 

Safety Factor (SF) 1.647 1.32 1.463 1.537 

Criteria Maximum Stress Maximum Strain Tsai-Wu Tsai-Hill 

Inverse Reserve Factor (IRF) 0.637 0.757 0.682 0.644 
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Figure 21. Modal analysis results of RQ-7 wing when the material is Composite, Epoxy Carbon UD (230 GPa) 

Prepreg.: (a) Mode 1, (b) Mode 2, (c) Mode 3, (d) Mode 4, (e) Mode 5 

Table 11: Natural frequencies of the second case study 

 

 

 

 

D. Third Case Study  

1) FSI A3nalysis Results 

Mode Frequency [Hz] Total Deformation (mm) 

1 15.33  2.46 

2 92.604  2.66 

3 97.069  2.48 

4 115.73  4.50 
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Figure 22. (a) Maximum Von-mises stress, (b) Total Deformation, and (c) Equivalent Elastic Strain of RQ-7 Wing 

when the material is Composite, Epoxy/glass fibre 

 

Figure 23. (a) Safety Factor, and (b) Inverse reserve factor of RQ-7 Wing when the material is Composite, 

Epoxy/glass fiber, UD prepreg, QI 
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Table 12: Total Deformation on RQ-7 Wing when the material is Composite, Epoxy/glass fiber, UD prepreg, QI 

 

 

 

 

 

Table 13: Safety factors values for different criteria's for third case 

 

 

 
 

Table 14: Inverse Reserve Factor values for different criterias for third case 

 

 

 

2) Modal Analysis Results 

 

 
Figure 24. Modal analysis results of RQ-7 wing when the material is Composite, Epoxy/glass fiber, UD prepreg, QI. 

(a) Mode 1, (b) Mode 2, (c) Mode 3, (d) Mode 4, (e) Mode 5 

Parameter Value 

Maximum Von-mises stress 84.142 (MPa) 

Total Deformation 13.646 (MPa) 

Elastic strain 0.00269 

Strain Energy 211.72 (mJ) 

Factor of safety 1.88 

Inverse Reserve Factor 0.529 

Criteria Maximum Stress  Maximum Strain  Tsai-Wu Tsai-Hill 

Safety Factor (SF) 2.033 1.887 1.961 2.011 

Criteria Maximum Stress  Maximum Strain  Tsai-Wu Tsai-Hill 

Inverse Reserve Factor (IRF) 0.491 0.529 0.509 0.497 
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Table 15: Natural frequencies of the third case study 

Mode Frequency [Hz] Total Deformation (mm) 

1 19..61  2.74 

2 94.542  2.0. 

3 1...19  2.21 

4 115.05  4.90 

5 595.1  3..3 

 

 

Figure 25. AAI Shadow -200 RQ-7 UAV Model after adding composite material 

 

The second and third case studies, employing 

different composite materials, demonstrate good 

structural performance and meet safety 

requirements. The third case, using Epoxy/glass 

fibre, UD prepreg, QI, proves superior to the 

second case, which uses Epoxy Carbon UD (230 

GPa) Prepreg. The third case exhibits a higher 

safety factor (1.88), a lower inverse reserve 

factor (0.529), and lower total deformation 

(13.646 MPa) compared to the second case 

(15.03 MPa), indicating better structural 

response and load-carrying capacity. 

Consequently, the Epoxy/glass fibre, UD 

prepreg, QI composite used in the third case is 

the most advantageous option for the aircraft 

wing structure, offering superior performance, 

improved safety margins, and better overall 

economy. The natural frequencies of second and 

third cases are close to each other and two 

composite materials have similar effects on 

vibrational characteristics of wing, as shown by 

the modal analysis. 

  

4. Conclusions  

In this context, the current work proves that the 

Epoxy Carbon UD Prepreg and Epoxy/glass 

fiber UD prepreg QI improve the structural 

stiffness and aerodynamic characteristics of 

UAV wings based on a detailed numerical 

analysis. The analysis of results shows that QI 

composite material of epoxy/glass fiber UD 

prepreg has higher safety factor, lesser 

deformation and more load carrying capacity 

than conventional aluminum material. 

Furthermore, from modal analysis it is found 

that both composites offer comparable 

vibrational damping which is essential for UAV 

application in different flight situations. These 

findings suggest that advanced composites can 

enhance the design of UAV wing and indicate its 

application for the further development of the 

aerospace industry. Further composite 
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configurations should be explored in future work 

and the durability of the environment should be 

assessed for long-term efficiency. 
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