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Abstract - The skin panel of the fuselage is one of the 

main parts of a transport plane's semi-monocoque 

airframe that bears the weight of the plane and must be 

as lightweight as possible while still withstanding 

cabin pressurization loads, inertia loads while in flight, 

and compressive loading caused by the plane bending 

without buckling. Using the same loading and support 

configuration, this paper compares the static structural 

and free-vibration (modal) response of three candidate 

metallic materials: structural steel, grey cast iron, and 

titanium alloy. The evaluation is based on finite 

element modeling of a representative fuselage skin 

panel. A distributed pressure load, which represents 

in-service aerodynamic and cabin loads, was applied 

to the panel's boundary and the geometry was created 

in CATIA V5. The analysis was conducted in ANSYS 

Workbench. Out of the three contenders, titanium 

alloy had the best dynamic performance and stiffness-

to-weight ratio, with the lowest maximum total 

deformation (14.657 mm) and maximum equivalent 

elastic strain (6.83 × 10⁻³ mm/mm). It also had the 

highest natural frequencies across all six extracted 

modes. Grey cast iron had the most deformation 

(70.844 mm) and strain, making it the least suited for 

this application, while structural steel exhibited the 

greatest peak equivalent (von Mises) stress (1358.1 

MPa) and the second-highest deformation (25.762 

mm). Later on, the panel was subjected to an 

additional linear buckling test with Aluminium Alloy 

7075 at a maximum cabin design pressure of 4000 kPa 

and an inertia load factor of 7 grams. The peak stress 

that resulted was 2.1696 MPa, which was well within 

the elastic limit of the material. The eigenvalue 

buckling solution verified a load-multiplier margin 

that was significantly higher than the design 

requirement. Aluminum Alloy 7075 was found to be 

structurally adequate against both pressurization stress 

and buckling instability for the load case under 

consideration, and titanium alloy was found to be the 

most suitable of the three metallic systems tested for 

stiffness-critical fuselage panel applications. 

Terms for Index - The following terms are used in 

this context: fuselage panel, semi-monocoque 

structure, finite element analysis, ANSYS, CATIA, 

static structural analysis, modal analysis, titanium 

alloy, structural steel. 

I. INTRODUCTION 

Flight deck, cargo, and systems are housed in the 

fuselage, which also serves as the main attachment 

point for the wings, empennage, landing gear, and 

power plant. The fuselage's primary function is to 

house these parts, but it also has to be aerodynamically 

efficient and transfer and resist flight and ground 

stresses. A semi-monocoque construction, with a thin, 

stressed outer skin stabilized by longitudinal stringers 

and transverse frames, is almost universally used to 

build contemporary transport aircraft fuselages. This 

allows them to satisfy strength and stiffness 

requirements at minimal weight. Because they bear a 

disproportionate amount of the bending, shear, and 

internal cabin-pressurization stresses, the skin panels 

connected by neighboring stringers and frames are an 

essential part of the structural support for the fuselage.  

Combined strain or compression from overall fuselage 

bending, hoop stress from cabin pressurization, and a 

skin panel in the lower fuselage are all factors that 

might affect the panel's integrity. under addition to 

material yielding, local instability, or buckling, 

becomes a dominating failure mode when the panel is 

put under net compression; hence, static strength and 

buckling stability are both necessary for a 

comprehensive structural evaluation of a fuselage 

panel. While the buckling resistance of a compressed 

panel depends on material stiffness, shape, and 

boundary support, high-stiffness, low-density 

materials minimize panel deformation for a certain 

skin thickness. The study showcases the design and 

structural assessment of a sample fuselage skin panel 

using finite element analysis. We conducted static 

structural and modal (free-vibration) analyses for 

structural steel, grey cast iron, and titanium alloy, three 
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candidate metallic materials, in ANSYS Workbench 

under a common pressure loading and fixed-boundary 

condition. CATIA V5 was used for panel geometry 

development. To further evaluate the panel's resilience 

to compressive stress, we ran a linear eigenvalue 

buckling analysis on the 7075 aluminum model 

subjected to the maximum cabin design pressure and a 

typical inertia load factor. 

II. REVIEW OF LITERATURE 

Preliminary approaches to stiffened-panel design that 

rely on hand calculations have their roots in the 

classical aircraft structures literature [1]-[3]. This 

literature establishes the sizing philosophy and closed-

form idealizations typically used for semi-monocoque 

fuselage shells, such as panel buckling under 

combined compression and shear. Zienkiewicz et al. 

[4] and the ANSYS Mechanical documentation [5] 

provide thorough treatment of the finite element 

formulation that is utilized in commercial FEA 

software like ANSYS Mechanical for discretization, 

assembly, and eigenvalue solution methods. Although 

the majority of the literature does not specifically 

address panel buckling, it does provide the 

groundwork for the larger structural-integrity context 

that is considered when deciding on panel size by 

discussing the fatigue and damage-tolerance behavior 

of fuselage structural elements. For fatigue-critical 

fuselage components, Swift [6] emphasized the 

ongoing significance of defining inspection thresholds 

and multi-bay fracture criteria. In order to assess stress 

intensity factors using a coarse finite element mesh, 

Rybicki and Kanninen [7] devised a modified crack-

closure integral methodology. Leski [8] subsequently 

expanded this method to include three-dimensional 

brick elements in commercial FE software. 

The wing-fuselage lug attachment bracket was 

subjected to linear static finite element analysis by 

Sriranga et al. [9]. The authors concluded that the 

fatigue crack initiation would occur at the site of peak 

tensile stress, which is in line with the overall 

conclusion drawn from this literature: that areas of 

stress concentration dictate the beginning of structural 

damage. Current fuselage certification practice is 

connected to fatigue studies conducted by Buchholz et 

al. [10] and Naveen Kumar et al. [11] for riveted 

fuselage skin, which expanded crack-growth analysis 

to three-dimensional and multi-site-damage cases. The 

regulatory and historical basis for this connection is 

provided by the FAA damage-tolerance handbook 

[12] and Schijve [13]. ANSYS Workbench is well-

established for the coupled static, modal, and buckling 

evaluation of aircraft geometry defined in CATIA, 

which is used extensively in the aerospace industry for 

main airframe geometry development [5]. The current 

study aims to fill a gap in the literature by comparing 

the static, modal, and buckling responses of a single 

fuselage panel geometry across multiple candidate 

metallic materials within one CATIA-to-ANSYS 

workflow. Although fatigue and damage tolerance 

have been extensively studied in fuselage structural 

design, relatively few studies have directly compared 

these responses. 

III. STUDY DESIGN 

A. Panel Geometry for the Fuselage and Load Case 

The research takes into account a typical skin panel 

that is extracted from the underside of a semi-

monocoque transport aircraft's fuselage, which is 

enclosed by nearby stringer and frame lines. In CATIA 

V5, the panel was modeled as a solid in three 

dimensions. To mimic the constraints imposed by the 

surrounding stringer and frame, the border of the panel 

was treated as a fixed support condition. The three 

potential materials were subjected to a distributed 

pressure load on the outside of the panel, simulating 

the combined aerodynamic and cabin-pressurization 

loads that would be encountered in service, in order to 

conduct static structural and modal comparisons. The 

panel, which was made of Aluminium Alloy 7075, 

was tested for supplemental buckling under high 

conditions of combined pressurization and 

maneuver/landing loads, including a maximum cabin 

design pressure of 4000 kPa and a 7g inertia load 

factor. 

 

Fig 1: Providing Course Content 

B. Potential Resources 
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For the static and modal comparison, three metal 

candidates were chosen, covering a broad range of 

densities and stiffnesses: structural steel, a typical 

baseline with high stiffness and density; grey cast iron, 

a less expensive metal with lower stiffness; and 

titanium alloy, an aerospace-grade metal with a high 

stiffness-to-weight ratio. Here are the isotropic elastic 

properties of the three materials: structural steel has 

the highest density and the highest modulus, grey cast 

iron has the lowest modulus compared to steel and 

titanium, and titanium alloy has the best stiffness-to-

weight ratio because it combines a moderate-to-high 

modulus with a significantly lower density than steel. 

These properties were taken from the ANSYS 

Engineering Data library defaults. Known for its low 

density, strong strength, and extensive industrial usage 

in pressurized fuselage skins, the high-strength 

aerospace aluminum alloy 7075 was chosen for the 

buckling case. 

C. Solution and Finite Element Modeling 

We loaded the panel's solid model from CATIA V5 

into ANSYS Workbench and discretized it using the 

default mesh generator in Workbench. Pressure 

loading was applied to the surface of the panel in 

accordance with the load cases outlined in Section III-

A, and a fixed-support boundary condition was 

enforced around the panel's perimeter. Total 

deformation and equivalent (von Mises) stress fields 

were taken from each of the three candidate materials' 

static structural solutions, which were computed 

individually. To guarantee a consistent, like-for-like 

comparison, only the allocated Engineering Data were 

updated for each run. Afterwards, the first six natural 

frequencies and mode shapes were extracted from the 

same three material assignments using a modal (free-

vibration) analysis. Lastly, the critical buckling load 

multiplier was obtained by conducting a linear 

eigenvalue buckling analysis on the Aluminium Alloy 

7075 panel under the combined pressurization and 

inertia load situation. 

IV. THE OUTCOMES 

A. Analyzing Static Structures 

Under the imposed pressure load, Table I summarizes 

the maximum total deformation, maximum equivalent 

elastic strain, and maximum equivalent (von Mises) 

stress for each of the three potential materials for the 

fuselage panel. 

 

In line with its advantageous stiffness-to-weight ratio, 

titanium alloy exhibited the least deformation and 

strain of the three contenders. In contrast, grey cast 

iron, which was the least stiff of the three, distorted to 

a degree that was about 4.8 times more than titanium's 

value. Each of the three materials had a somewhat 

comparable peak stress—within 3% of the others—

with structural steel having the slightly higher. 

 

Fig 2. Full deformity 1 

B. Analyzing Different Modes 

The first six naturally occurring frequencies for each 

potential substance are shown in Table II. 
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In four out of the six modes that were extracted, 

titanium alloy had the greatest natural frequency, grey 

cast iron had the highest in the other two, and 

structural steel had the lowest frequency in every 

mode. Modal results support static findings that 

titanium alloy has better dynamic stiffness than grey 

cast iron, even if the latter has worse static deformation 

performance, due to the fact that a higher natural 

frequency decreases the chance of resonance under 

service stimulation. 

C. Analysis of Buckling in Aluminum Alloy 7075 

The panel made of Aluminum Alloy 7075 remained in 

its elastic range when subjected to a maximum 

equivalent (von Mises) stress of 2.1696 MPa under a 

combination of a maximum cabin design pressure of 

4000 kPa and a 7g inertia load factor. This stress is 

significantly lower than the material's yield strength. 

The critical load multiplier that the linear eigenvalue 

buckling solution produced is much higher than the 

applied 7g design condition, indicating that the panel 

has a sufficient buffer against local instability under 

the compressive part of this load situation. 

 

Fig.3. Stress with an equivalent value 

V. TOPIC OF CONVERSATION 

Peak stress varied relatively little (1317-1359 MPa, a 

spread of about 3%) despite an almost fivefold spread 

in deformation; the dynamic stiffness and panel 

deformation are mainly controlled by the candidate 

material's elastic modulus-to-density ratio, according 

to the combined static and modal results. For a linear-

elastic body with certain geometry, loading, and 

boundary conditions, the classical result states that the 

stress field is relatively unaffected by the elastic 

modulus, while deformation is directly controlled by 

stiffness. Despite matching or surpassing titanium's 

stiffness ranking in two of the six extracted vibration 

modes, the lower elastic modulus of grey cast iron is 

the main cause of its significantly higher deformation 

and lower natural frequencies compared to titanium 

alloy. This is due to the specific mode shapes and the 

density term in the modal frequency relationship, not 

to any overall stiffness advantage. Despite having a 

high absolute elastic modulus, structural steel has a 

somewhat greater peak stress compared to titanium 

and grey cast iron. This, along with its intermediate 

deformation, is explained by the material's high 

density, which makes it less desirable in stiffness-to-

weight comparisons. Titanium alloy outperforms the 

other two metals considered for this panel shape and 

load scenario in terms of static and dynamic stiffness, 

as well as a favorable strength-to-weight ratio 

(implicitly due to its history of usage in weight-critical 

aerospace structures). 

A separate but related design question is addressed in 

the supplementary buckling case, which uses 

Aluminium Alloy 7075 instead of the three 

comparison materials. This case tests whether the 

panel can withstand a realistic combined 

pressurization and maneuver load while staying within 

its elastic stress limit and stable against local buckling. 

The structural suitability of the panel geometry and 

Aluminium Alloy 7075 material combination is 

supported by the low buckling-load margin and low 

resulting stress (2.1696 MPa against a 4000 kPa 

applied pressure). On the other hand, the linear 

eigenvalue formulation used in this buckling 

assessment does not account for geometric or material 

nonlinearity, post-buckling behavior, or the impact of 

pre-existing imperfections. Additionally, fatigue or 

damage-tolerance evaluations of the type discussed in 

Section II were not a part of this buckling assessment. 

The whole certification load envelope, fatigue fracture 

initiation at stress-concentration features like fastener 

holes, and nonlinear post-buckling reserve strength 

should all be included for a more comprehensive 

structural justification. 

VI. CONCLUSION 

This study used CATIA V5 to model a typical fuselage 

skin panel and ANSYS Workbench to test it under 

static structural, modal, and linear buckling loads. 

Titanium alloy outperformed structural steel, grey cast 

iron, and dynamic-stiffness requirements with the 

lowest maximum deformation (14.657 mm) and strain 

(6.83 × 10⁻³ mm/mm) and the highest natural 

frequencies overall. In contrast, structural steel had the 

highest peak stress (1358.1 MPa) but only an 

intermediate deformation, and grey cast iron had the 
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highest deformation (70.844 mm), making it the least 

suitable of the three candidates. The panel is still 

within its elastic stress limit and has a safe buffer 

against buckling instability, according to an additional 

buckling test using Aluminium Alloy 7075 at the 

maximum cabin design pressure (4000 kPa) and a 7g 

inertia load factor. This study suggests that titanium 

alloy is the best metal to use for stiffness-critical 

fuselage panel applications. However, to take into 

account the broader fuselage structural-integrity 

literature discussed in Section II, future research 

should include fatigue and damage-tolerance 

evaluation at fastener and cut-out locations, and 

expand the buckling assessment to a nonlinear, 

imperfection-sensitive analysis. 
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