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ABSTRACT 

Numerical simulation was performed to study an aircraft using Ansys software program. The three-dimensional 

geometry model was simulated through a series of analysis programs companied with Ansys. Fluent, Static 

structure, Modal, and Random vibration analysis models was used. Structural Steel was set as the material of the 

aircraft. The simulation was generated for different aircraft velocities (500, 640, 778 m/s). The result was obtained 

for the pressure and velocity around the aircraft as well as the stresses over the aircraft and the deformations. It 

was found that the velocity and the pressure of the space around the aircraft increase as the velocity of the aircraft 

increases, whereas the highest percentage of the air pressure and velocity were concentrated at the end of the 

aircraft. The stresses and the deformations over the aircraft increases as the velocity of the aircraft increases, 

whereas the most stresses and deformations occur at the wings and the tail of the aircraft. 
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INTRODUCTION 

To make sure the accuracy of the movement of the aircraft, evaluate the presentation of it and exam the adaptation 

to the environment, we should apply a test of simulated environment about the dynamics system. The 

determination of the suitable settings of the dynamic environment has a vital significance for the aircraft 

improvement. In contrast, the over condition of dynamic environment will cause over-trial, it makes the aircraft 

improvement more problematic and lead to lengthier improving period and more expenses. We can define the 

matching setting of dynamic environment via examining with flying telemetry information and big volumes of 

trial information [1]. Nevertheless, due to the restrictions of the problems of trying and organizing points and trial 

expenses, the trial gets only reply data about local exam points in restricted trial environment. For now, the lately 

advanced aircrafts, the several undefined factors and shortage of investigational data, will lead to more error to 

openly utilizing the data of ancient kinds of aircrafts. So, for the duration of preliminary phase of the program of 

improvement of vehicle, an active expectation way for dynamic environment is necessary to study a diversity of 

excitement resources, and attain moderately correct replies of shaking, which delivers a dependable source for 

organizational project. Liu et al. [2] suggested an effective system of control of damping shaking free of balance 

sign relied on response of velocity and stackable piezoelectric actuators by utilizing accelerometer to develop the 

enhance steadiness and wind channel trying security in transonic wind channel.  

Zhang et al. [3] utilized an experimental style decomposing way to break down the signs of shaking restrained on 

engine states, founded on study of shaking signs features matching to rotor errors and analyze of aero engine 

shaking mechanism. The outcomes display that experimental style decomposition way depend on investigation of 

time-frequency can get property vectors of the non-stationary error signs efficiently. This delivers an organized 

way of measureable property collection for error of rotor of aero engine study over study of shaking. Agrapart et 

al. [4] delivers novel understanding on the model of blade-tip/casing rubbing happenings in engines of aircraft 

accounting for thermomechanical influences in the casing. Shakings compose a problematic to the graphical 

scheme. When the pilots read the apparatuses, the shakings in aircraft are mostly vertical and lead to reading 

faults. Andersson and Hofsten [5] tried experimentally the reading ability for the period of vertical shaking of new 

fighting aircraft, by utilizing signs showed on a computer observer. The difficulty of signs has an important 
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influence on the presentation that is what the outcomes exhibited. Ellison et al. [6] utilized a scheme comprises of 

a circular steel ring with a lump mass on upper and open to base excitement. In addition, the ring reply is assessed 

with a focused mass devoted to the upper of the ring. It exposed that an accurately planned ring could efficiently 

protect the avionics from probable harmful stages of excitement.  

Krichen et al. [7] shows the project of a network architecture of wireless sensor appropriate for observing shaking 

on an aircraft. The developing the flying safety via perceiving strength of shaking amongst completely the parts 

of the structure of airplane and communicating this info to the cockpit computer to respond beforehand any part 

can reach resonance these are the major purpose of the project. The work of assessment of presentation displays 

that the projected shaking and game-based communication system develops the effectiveness of transmission as 

it decreases the mean delay of transmission and losing of package and. Lee and Whaley [8] proposed qualitative 

relations to expect the angular shaking from a prearranged linear shaking reply. Min et al. [9] Resonant shakings 

of vanes of aircraft engine lead to difficulties of blade exhaustion in engines, which can cause denser and 

aerodynamically lower carrying out of growing weight of engine, designs of blade, costs of repairs and fuel burn. 

To ease unwanted vane shaking stages, effective piezoelectric control of shaking has examined by Min et al. [9]. 

Whereas the idea of piezoelectric damping has studied via other investigators during the next years, very little 

investigation has completed containing influences of rotating. Min et al. [9] tries to stop up this canceled, an 

investigational and mathematical analysis for revolving piezoelectric combined subscale fan vanes was 

accomplished.  

Rizos et al. [10] presented two approaches that run ways of statistical hypothesis trying and assessment are able 

of accounting for investigational improbability.  This study lead to a result that the possibility of the shaking-

based procedure for beginning together the detection of damage of skin and difficulties calculation of renovation 

quality. Rajawat et al. [11] exhibits the study of free vibration of hardened covered plate by utilizing way of 

limited element.  The outcome displays that the current model for the hardened plate offers outcomes in the correct 

form completely. Influences of the orientation- symmetric, unconventionality, angle-ply and anti-symmetric, and 

cross-ply and boundary condition were examined. Smith et al. [12] searches an implement of detection of shaking 

in aircraft, the most feature of signs of shaking are get from din by utilizing the Haar, Daubechies, and Morlet 

wavelets. Tourajizadeh and Zare et al. [13] planned a healthy optimum regulator via merging sliding mode control 

(SMC) organized with State-Dependent Riccati Equation (SDRE) to avoid the shimmy shakings in aircraft nose 

landing gear. The reply of scheme shaking is done via MATLAB software and its presentation and effectiveness 

are confirmed by utilizing proportional investigation, for verification the optimum presentation and strength of 

the projected regulator. Wang et al. [14] proposed a calculated style for regulating shakings of aircraft produced 

via runway excitement by utilizing an effective landing gear scheme.  

Calculations are resultant to define the integrated aircraft-effective scheme. It is revealed that the effect of loads 

and the vertical movement of the aircraft’s center of gravity produced via landing and runway excitement are 

significantly concentrated by utilizing the effective scheme, which lead to advantages the exhaustion life of 

aircraft, developments of the presentation of the landing gear scheme, presentation of taxiing, crew/passenger ease 

and decreases requests on the roughness of runways. In this paper, an aircraft model was generated to study the 

effect of aircraft velocity over the pressure and velocity of air around the aircraft, as well as the stresses and the 

deformation of the aircraft. The investigation was performed numerically for the entire aircraft geometry. The 

geometry of the model investigated represent the aircraft complete external shape not just one part of the aircraft 

like it has been studied by the other researchers.  

NUMERICAL MODEL 

The research was investigated through numerical model made with Ansys 2020 software program. The geometry 

model was simulated through a series of analysis programs companied with Ansys. The analyzing programs 

include Fluent, Static structure, Modal, and Random vibration. The turbulent model using in fluent was k-omega 

SST viscous turbulent model, the study was steady state with 9.81 m2/s gravity in the y-direction. Structure steel 

material was used for the geometry model, table (1) shows the material properties.  Three-dimensional geometry 

was utilized, figure (1). 5 cm element size was used in the meshing process, with 1.2 Growth rate and 0.272 

transition ratio, 394064 nodes and 2167283 elements. More details about the geometry and mesh can be seen in 

the appendix.  Three velocities for the aircraft was tested 500, 640, and 778 m/s.  

Table 1. Properties of Structural Steel  
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Coefficient of Thermal Expansion 1.2e-005 C-1 

Density 7850 kg/m3 

Thermal Conductivity 60.5 W/ m.C° 

Specific Heat 434 J /kg.C° 

Resistivity 1.7e-007 ohm 

 

 

Figure 1. Geometry of the investigated model. 

RESULTS AND DISCUSSION 

The results compiled from the numerical simulations included the velocity, pressure, stress, and deformation. The 

contour for the velocity distribution around the aircraft are shown in figure (2) for the three aircraft velocities that 

were tested. The distribution of velocity is the same but differs in the magnitude of the velocities values, the lowest 

values of velocities were found at the tail of the aircraft. Normally maximum values for velocities around the 

aircraft was obtained when the aircraft velocity was 778 m/s and the lowest was when the velocity was 500 m/s. 

the pressure distribution around the aircraft are shown in figures (3 and 4). Figure (3) displays the side view of 

the pressure round the aircraft. the top view of the distribution of pressure round the aircraft has shown in figure 

(4). The maximum pressure was obtained at 778 m/s velocity around the noise of the aircraft and the wings. The 

top view of the pressure distribution shows the maximum values of pressure are at the leading edge of the wings 

where the air hits first, and where the air hits the aircraft noise. The stress over the aircraft are shown in figure (5), 

the largest values for stress are found when using the highest value of aircraft velocity. The aircraft wings and 

back tail shows high stress values, whereas the highest stress in the aircraft are at the section that connect the 

engines to the body of the aircraft. Figure (6) shows the deformation of the aircraft at three velocities, the highest 

value of velocity made the maximum deformation to the aircraft. The contours of deformation shows the 

maximum deformation at the wings and the elevator as well as the engines. By adding C1 of 26602.051, lift of 

16293.756, drag of 6784.0776, Cd of 11076.045, the changes in the results are shown in figures (7, 8, 9, and 10).  
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500 m/s                                                                640 m/s 

 

778 m/s 

Figure 2. Velocity around the aircraft 

 

500 m/s                                                                640 m/s 

 

778 m/s 



Static and Dynamic Analysis of Vibration in an Aircraft Using Finite Element 

 

284 
 

Figure 3. Side view for the pressure around the aircraft 

 

500 m/s                                                                640 m/s 

 

778 m/s 

Figure 4. Top view for the pressure around the aircraft 

 

500 m/s                                                                640 m/s 

 

778 m/s 
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Figure 5. Stress over the aircraft 

  

500 m/s                                                                640 m/s 

 

778 m/s 

Figure 6. Aircraft deformation 

 

500 m/s                                                                640 m/s 

 

778 m/s 
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Figure 7. Velocity contour around the aircraft 

  

500 m/s                                                                640 m/s 

 

778 m/s 

Figure 8. Pressure contour around the aircraft 

  

500 m/s                                                                640 m/s 

 

778 m/s 
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Figure 9. Stress over the aircraft 

   

500 m/s                                                                640 m/s 

 

778 m/s 

Figure 10. Deformation over the aircraft 

CONCLUSION  

Ansys software program was used to study an aircraft model. Several analysis CFD tools companied with Ansys 

was used for the simulation process, the analyzing programs include Fluent, Static structure, Modal, and Random 

vibration. Three aircraft velocities was used (500, 640, 778 m/s). It was found that: 

1- The pressure of the space around the aircraft increases as the velocity of the aircraft increases. 

2- The velocity of the space around the aircraft increases as the velocity of the aircraft increases. 

3- The stresses over the aircraft concentrated at the wings and the tail of the aircraft 

4- The stresses over the aircraft increases as the velocity of the aircraft increases. 

5- The deformation over the aircraft concentrated at the wings of the aircraft. 

6- The deformation over the aircraft increases as the velocity of the aircraft increases.  
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APPENDIX 

Geometry 

Table 2. Model (B4, C4, D4) > Geometry 

State Fully Defined 

Object Name Geometry 

Definition 

Display Style Body Color 

Element Control Program Controlled 

Length Unit Meters 

Type Parasolid 

Source C:\Users\legion\Desktop\ESBJ1.x_t 
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Bounding Box 

Length Z 21.008 m 

Length Y 8.8709 m 

Length X 19.851 m 

Properties 

Scale Factor Value 1. 

Mass 1.9793e+005 kg 

Volume 25.214 m³ 

Statistics 

Mesh Metric None 

Elements 127047 

Nodes 225913 

Active Bodies 1 

Bodies 2 

Update Options 

Assign Default Material No 

Basic Geometry Options 

Material Properties No 

Named Selections No 

Attributes No 

Parameter Key ANS;DS 

Parameters Independent 

Line Bodies No 

Surface Bodies Yes 

Solid Bodies Yes 

Advanced Geometry Options 

Enclosure and Symmetry Processing Yes 

Decompose Disjoint Geometry Yes 

Stitch Surfaces On Import None 

Clean Bodies On Import No 

Mixed Import Resolution None 



Static and Dynamic Analysis of Vibration in an Aircraft Using Finite Element 

 

290 
 

Analysis Type 3-D 

Compare Parts On Update No 

Smart CAD Update Yes 

Use Instances Yes 

Reader Mode Saves Updated File No 

Coordinate Systems No 

Use Associativity Yes 

Table 3. Model (B4, C4, D4) > Geometry > Parts 

State Meshed Suppressed 

Object Name Part 1 Part 2 

Graphics Properties 

Transparency 1   

Visible Yes No 

Definition 

Suppressed No Yes 

Treatment None 

Reference Temperature By Environment 

Coordinate System Default Coordinate System 

Stiffness Behavior Flexible 

Material 

Thermal Strain Effects Yes 

Nonlinear Effects Yes 

Assignment Structural Steel 

Bounding Box 

Length Z 12. m 21.008 m 

Length Y 3.7505 m 8.8709 m 

Length X 14.059 m 19.851 m 

Properties 

Moment of Inertia Ip3 
1.5706e+006 

kg·m² 
1.1422e+009 kg·m² 

Moment of Inertia Ip2 
1.6793e+006 

kg·m² 
2.0201e+009 kg·m² 
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Moment of Inertia Ip1 
2.1545e+005 

kg·m² 
1.2579e+009 kg·m² 

Centroid Z 1.7304e-004 m 0.18682 m 

Centroid Y 1.0653 m 2.4193 m 

Centroid X -0.50587 m -0.49044 m 

Mass 1.9793e+005 kg 2.8843e+007 kg 

Volume 25.214 m³ 3674.3 m³ 

Statistics 

Elements 127047 0 

Nodes 225913 0 

Mesh Metric None 

Mesh 

Table 9. Model (B4, C4, D4) > Mesh 

State Solved 

Object Name Mesh 

Display 

Display Style Use Geometry Setting 

Defaults 

Element Size 5.e-002 m 

Element Order Program Controlled 

Physics Preference Mechanical 

Sizing 

Minimum Edge Length 2.5964e-005 m 

Average Surface Area 5.5443 m² 

Bounding Box Diagonal 30.234 m 

Initial Size Seed Assembly 

Span Angle Center Coarse 

Transition Fast 

Defeature Size Default 

Mesh Defeaturing Yes 

Resolution Default (2) 
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Use Adaptive Sizing Yes 

Quality 

Mesh Metric None 

Smoothing Medium 

Target Quality Default (0.050000) 

Error Limits Aggressive Mechanical 

Check Mesh Quality Yes, Errors 

Inflation 

View Advanced Options No 

Inflation Algorithm Pre 

Growth Rate 1.2 

Maximum Layers 5 

Transition Ratio 0.272 

Inflation Option Smooth Transition 

Use Automatic Inflation None 

Advanced 

Generate Pinch on Refresh No 

Pinch Tolerance Please Define 

Topology Checking Yes 

Triangle Surface Mesher Program Controlled 

Rigid Body Behavior Dimensionally Reduced 

Straight Sided Elements No 

Number of CPUs for Parallel Part Meshing Program Controlled 

Statistics 

Elements 127047 

Nodes 225913 

 

 

 


