
Article

Not peer-reviewed version

Comparison of aeroelastic

problems calculation methods

based on numerical and

experimental results.

Aniello Daniele Marano 

*

 , Michele Guida , Tiziano Polito , Francesco Marulo

Posted Date: 25 June 2023

doi: 10.20944/preprints202306.1585.v1

Keywords: Aeroelasticity; Flutter; Divergence; NASTRAN; ZAERO; GVT

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/1479450
https://sciprofiles.com/profile/559855
https://sciprofiles.com/profile/2179300
https://sciprofiles.com/profile/673335


 

Article 
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Methods Based on Numerical and  
Experimental Results 
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Abstract: The current design process of a new aircraft includes several modeling and testing steps. The main 

purpose of the Ground Vibration Testing is to achieve experimental vibration data of the whole aircraft 

structure, in terms of frequencies, damping factors, and mode shapes to ensure that the aircraft will be free 

from any aeroelastic instability and safe to fly in the desired flight envelope. GVT results are also mainly used 

for validating and eventually improving FEM models of the aircraft examined. On the other hand, structural 

dynamic models are used to predict the flutter behavior and carefully plan the in-flight flutter tests, and lead 

to mitigation of the risks related to them. This paper aims to compare different aeroelastic methods outcomes 

achieved using two diverse commercial software: the widely used NASTRAN™ and the most recently 

developed Zonatech ZAERO. The flutter computation results are obtained by means of P-K, K, and G 

methods. The first case presented is the aeroelastic analysis of a forward-swept wing whereas the second case 

concerns the stabilator of a two-seater ultralight aircraft, for which an experimental campaign of vibrations test 

is also carried out. The structural mode shapes at each generated frequency mode are also visually presented.  

Keywords: aeroelasticity; flutter; divergence; NASTRAN; ZAERO; GVT  

 

1. Introduction 

The Flutter is the unstable self-excited oscillation of an airfoil and its associated structure, caused 

by a combination of aerodynamic, inertia, and elastic effects in such a manner as to extract energy 

from the airstream. At the critical flutter speed, the amplitude of oscillation following an initial 

disturbance will be maintained while at a higher speed these amplitudes will increase [1].  

The general purpose of any methods of Vibration and Flutter analysis for a conventional airplane 

is to prove that the airplane is free from flutter, control reversal, and divergence for any condition of 

operation within the limit V-n envelope, plus a supplementary safety margin. In other terms, the 

main scope of flight flutter test and numerical analysis is to determine the aeroelastic stability for new 

or modified vehicles and sub-components of them in the nominal flight envelope established by the 

project. The approval process concerning aeroelastic matters, flutter, divergence, and control reversal 

at all speeds in the entire flight envelope, during the overall design process and critical stages of the 

certification phase of a new aircraft, is a combination of numerical modeling backed up by testing. In 

spite of the prevalence of the computational analysis field and its ever-growing involvement in the 

design of aircraft structures, the verification at large-scale components and experimental modal 

testing (EMA) have always been a fundamental step, being the most realistic representation of the 

expected response of the structure [2]. In terms of testing, mainly static and dynamic tests, widely 

defined as Ground Vibration Testing (GVT), are typically conducted to evaluate the stiffness and the 

dynamic properties of the structure under investigation. For the GVT, natural frequencies, mode 

shapes, structural damping coefficients and the generalized mass of the main vibration modes are 

sought. The GVT method is broadly recognized in the literature and has been used for various aircraft 

structures, from commercial civil airliners [3,4] to fighter aircrafts [5] and, more recently, unmanned 

aerial vehicles (UAVs) [6,7]. The full scale tests are becoming progressively imperative due to the 
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wide use of composite materials in the aeronautics industry, due to the advantages of the 

development of lighter yet stiffer airframe configurations with aeroelastic tailoring [8] and active load 

alleviation capabilities. Flight flutter testing is very expensive, time-consuming, and often 

undertaken at a time-critical part of an aircraft’s development program. For this reason, GVT and 

aeroelastic computational modeling and prediction are of fundamental importance in the design and 

certification process.  

Commonly, structures are represented by Finite Element Method (FEM) models, while the 

aerodynamics via high-fidelity Computational Fluid Dynamics (CFD) models at this design stage. 

Coupled solvers of several fidelities are also often used to search the aeroelastic stability boundaries, 

mainly in terms of flutter speed. Such methods are used in connection with GVT and model updating 

techniques [9,10]] to improve their accuracy and increase their predictive capabilities with respect to 

a variety of aeroelastic phenomena. The flutter numerical investigations of aircraft are commonly 

based on the normal modes structural analysis and no aerodynamic model was required. The natural 

modes are initially computed by means of FEM using a model of the structure and then, after the 

inclusion of aerodynamics in the structural model by spline operation, the output Velocities vs 

Damping and Velocities vs Frequencies curves are used for the Flutter speed estimation and establish 

the aeroelastic stability conditions.  

In addition to the easily interpreted frequency and damping plots versus airspeed for strongly 

coupled systems, a second advantage is offered by the P-K method regarding computational effort. 

The k method requires numerous computer runs at a constant density to ensure matching of the Mach 

number with air-speed and altitude. Currently, most flutter analyses in the aircraft industry are 

performed using k and/or P-K methods. Although the k method remains popular because of its 

speed, when accuracy is important and the p method is not feasible, industry users seem to favor the 

P-K method, especially those who run the NASTRANTM package [11].  

The ZAERO flutter module contains different flutter solution techniques. For this article, the K-

method and the g-method are used. The g-method is ZONA’s newly developed flutter solution 

method that generalizes the K-method and the P-K method for true damping prediction. It is shown 

that the P-K method is only valid at the conditions of zero damping, zero frequency, or linearly 

varying generalized aerodynamic forces with respect to reduced frequency. In fact, if the generalized 

aerodynamic forces are highly nonlinear, the P-K method may produce unrealistic roots due to its 

inconsistent formulation. One of the aims of this work is to get confident with ZAERO, a relatively 

new software compared to the much more used NASTRANTM. Section 2 briefly reports the 

operational flow of ZAERO and some useful information obtained from the manuals. Finally, the 

results obtained for two case studies are reported. In the first case, the aeroelastic behavior of an 

innovative design for-ward-swept wing is analyzed. Within the framework of the analysis, two wing 

configurations were considered, wing with empty fuel tanks and full fuel tanks. In the second case, 

based on the availability of data deriving from vibration measurements on an ultralight aircraft, a 

problem of a more practical than design nature is reported. Both the experimental results (including 

the extraction of the natural modes and frequencies, the calculation of any flutter instabilities) 

obtained through vibration tests on the stabilator of an ultralight aircraft, and numerical aeroelasticity 

activity are shown [12].  

2. A brief overview of NASTRAN and ZAERO  

To achieve the aeroelastic behavior of the wing, the flexural and torsional stiffness and structural 

and non-structural mass distribution along the wingspan, will feed the dynamic structural Finite 

Elements model. For the case studies reviewed in this article, stick-beam models are used.  

The firsts Aeroelastic analyses are performed using NASTRANTM solver. NASTRANTM 

computes matrices of aerodynamic influence coefficients from the input data describing the 

structural model and also provides an automated interpolation procedure to relate the aerodynamics 

(panels) to the structural degrees of freedom (structural grid point of the model) [13,14].  

Splining techniques for both lines and surfaces can be used to generate the transformation matrix 

from structural grid point deflections to aerodynamic grid point deflections. The transpose of this 
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matrix transfers the aerodynamic forces and moments at aerodynamic boxes to structural grid points. 

For this work, the subsonic theory is used and in particular the Doublet-Lattice Method (DLM) [15–

18], an extension of the steady Vortex-Lattice method to unsteady flow. It can be used for interfering 

with lifting surfaces in subsonic flow.  

The second step of the aeroelastic analyzes consists of comparing the results obtained by the 

NASTRANTM and Zonatech ZAERO software respectively [19]. ZAERO integrates the crucial 

disciplines required for aeroelastic analysis and it represents a valid alternative to the widespread 

commercial codes such as NASTRANTM. For the aeroelastic analysis, ZAERO does not run the 

structural finite element solutions, but firstly it imports the structural grid point and the externally 

calculated structural normal modes solutions generated by one of the following FEM codes: 

NASTRANTM, ANSYS, ABAQUS, ASTROS, and I-DEAS. Then, the aerodynamic method is 

implemented. In particular, the six methods (or aerodynamic codes) incorporated in the ZAERO 

software, cover the entire Mach number range:  

• ZONA6 - Subsonic Unsteady Aerodynamics;  

• ZSAP - Sonic Acceleration Potential Method;  

• ZTAIC - Transonic Unsteady Aerodynamics using a Transonic Equivalent Strip Method;  

• ZTRAN - Transonic Unsteady Aerodynamics using an Overset Field-Panel Method;  

• ZONA7 - Supersonic Unsteady Aerodynamics;  

• ZONA7U - Hypersonic Unsteady Aerodynamics.  

About the capability and applicability advantages of the ZAERO code over that of other 

commercially available aeroelastic analysis software is that ZAERO seems to provide a higher level 

of geometric fidelity than other aeroelastic packages such as NASTRAN. The Figure 1 shows the 

ZAERO file processing that occurs during code execution.  

 

Figure 1. The ZAERO Software System File Processing [19]. 

Three files are required to run the code:  

• the input file which contains the executive control, case control, and bulk data sections that 

describe the aerodynamic model, flight conditions, etc.;  

• the structural FEM output file containing the structure natural frequencies and mode shapes;  

• DIRNAME.FIX which contains the pathname where the ZAERO run-time database files are 

to be located.  

About the outputs, a minimum of two files is generated for every ZAERO run. These are:  
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• the output file of the job;  

• the log file which contains the elapsed and step CPU times for each module call during the 

execution of ZAERO. Additional output plot files can be generated through bulk data input 

requests.  

3. Comparison Between the g-Method and the P-K Method  

3.1. 1st Test Case - Forward swept wing  

The first test case presented is the aeroelastic analysis of a forward-swept wing. This type of 

wing, unlike conventional wings, presents a criticality due to the phenomenon of static aeroelasticity 

of divergence. In other words, the negative sweep angle causes the divergence speed to be lower than 

the equivalent straight or sweep back wing [19,20]. Figure 2 shows the aeroelastic model: 

aerodynamic paneling or Double Lattice panel model connected to the structural beam-like model. 

In a stick model, the wing is represented by beams capable of bending, shear, torsional and axial 

deformations. 

 

Figure 2. Forward swept wing - aeroelastic stick model. 

In this example Figures 3 and 4 represent the wingspan distribution of the stiffness and mass 

respectively. Each beam is divided into several elements with a flexural stiffness EI and torsional 

stiffness GJ estimated from the member section properties by classical structural analysis methods.  

 

Figure 3. Flexural and Torsional Stiffness distribution along wingspan. 
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Figure 4. Mass distribution along wingspan. 

A considerable degree of detail is known for the mass distribution on the wing structure, but 

only part of the mass is structural, and therefore associated with the FE structural model, whereas a 

significant amount of mass is linked with non-structural elements such as fuel [21]. 

To represent the mass distribution, the wing is divided into several strips, centered on the nodes 

of the beam-like model. For each section, the mass is lumped at the reference positions and attached 

to the beam axis node by a rigid link element that allows the lumped mass to be represented by 

section mass, a moment of inertia, and mass moments [22,23]. The aerodynamic panels distribution 

for the wing is carried out by taking into account the criteria suggested by [24]. The first ten structural 

elastic modes are used for flutter analysis. Figure 5 shows the mode shapes and natural frequencies 

only for the first 4 modes for the sake of brevity. 

 

Figure 5. Nastran Dynamic Analysis - Wing Normal Modes. 

Figure 6 show the V-g and V-f diagrams of the P-K-method and the V-g and V-f diagrams of the 

G method for the wing with 10 modes at Mach number M = 0.  
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Figure 6. V-g and V-f curves P-k method (Nastran) and G method (ZAERO) - wing with empty 

fuel tanks. 

Figure 6 shows the NASTRAN™ P-K solutions of the wing previously described at different 

given velocities from 50 to 500 m/s.  

From the damping plot versus airspeed, it is possible to observe that the aerodynamic damping 

of mode 5, corresponding to the wing torsional mode, is nil at a speed of about 430 m/s.  

In the frequency versus airspeed plot, at the same velocity, a coalescence of the frequencies of 

mode 3 and mode 5 is observed: there is a modal coupling between the aforementioned wing 

torsional mode and the 2nd wing bending mode. A flutter condition is attributed to this speed.  

A significant aeroelastic observation is needed where divergence speed instability appears at 

300 m/s i.e. a speed lower than the flutter velocity. This divergence speed instability is evident by its 

associated zero frequency. Comparing the upper plots with the lower ones in Figure 6, it can be seen 

that the agreement between the damping computed by the P-K method and the g-method is expected. 

Good agreement in terms of the overall V-g and V-f comparisons between these methods is obtained 

except the g-method predicts one extra aerodynamic lag root (represented by the crosses in Figure 

6).  

This aerodynamic lag root appears at divergence speed (about V=300 m/s) with stable damping. 

This is an interesting phenomenon because it indicates that the divergence speed could be a 

bifurcation point. This result suggests that the divergence speed is caused by the coupling of a 

structural mode and an aerodynamic lag root and should be considered as a special case of flutter 

instability, the so-called dynamic divergence. This is supported by the g-method results shown in the 

lower plots of the figures where the frequency coalescence of the first bending mode and the 

aerodynamic lag root is seen. On the other hand, the plots of the P-K method do not show this result 

due to its incapacity of generating the non-zero-frequency aerodynamic lag root.  

Table 1 shows the flutter analysis results obtained by means ZAERO, in terms of the mode 

associated with flutter, natural frequency, and flutter speed.  

For this first comparison, two types of instability are predicted by both the P-K method and the 

g-method: a flutter speed at about V = 430 m/s and a divergence speed at about V = 300 m/s. This 
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agreement is expected since at damping g = 0 the flutter equation of both methods reduces to the 

same form. The damping curves of the structural modes computed by both methods are in excellent 

agreement. The frequency curves of the two structural modes computed by both methods are also in 

good agreement except for the absence of the aerodynamic lag roots of the P-K method.  

For a question of investigation completeness, a second step involved an analysis of the same 

wing by adding the mass due to the fuel. The V-g and V-f diagrams relating to the case of full fuel 

tanks and a table with the flutter data are reported.  

The V-g diagram shows that the damping of mode 3 crosses the zero damping axis, indicating a 

fluctuation limit of the wing structure, at higher values than in the previous case.  

From the V-g and V-f diagrams, calculated for the different load conditions we can draw the 

following conclusions: 

• in all the calculations the divergence condition for the wing is present, the latter being 

independent of the mass contributions from the model;  

• in both cases, with and without fuel, the divergence rate does not change;  

• the most critical condition for flutter occurs when the wing is unloaded (the addition of the 

masses of the fuel involves the removal of the bending frequencies from the torsional 

ones);  

• when the wing tanks are full there is the annulment of the aerodynamic damping of the 

first torsional frequency at a speed of about 44% higher than in the case of empty tanks. From 

the V-f diagram, we can ob-serve a coalescence of the aforesaid frequency with the second 

flexural frequency.  

Table 1. ZAERO Aeroelastic Analysis results - wing with empty fuel. 

K method  G method  

mode vf(m/s) Freq. (Hz) mode vf(m/s) Freq. (Hz) 

2 428.7 7.74 2 452.2 7.74 
5 486.3 11.57 5 484.2 11.69 

Upon completion of the study of the first test case, a dynamic flutter analysis was performed as 

the stiffness distribution varies along the wingspan. In particular, a wing section of about 1 meter 

was chosen, a representative for example of an inspection window for maintenance or the extraction 

of the landing gear. It has been hypothesized that, in the notch area, with the same mass distribution, 

the flexural and torsional stiffnesses decreased by 30% of the initial value, i.e. wing without the door.  

To study how the flutter speed varies as a function of the location of the trap door, for the two 

stiffness variations the first area was considered respectively between 20 and 30% of the wingspan 

Figure 8 (a) and the second between 30 and 40% Figure 8 (b). For the first variation of stiffness 

distribution, a flutter speed of 410 m/s is obtained (Figure 8 (c)) or a decrease of about 4.7% compared 

to the starting wing. For the second variation of stiffness distribution, on the other hand, the flutter 

speed is about 418 m/s (Figure 8 (d)) and therefore is decreased by 2.8% compared to the reference 

wing. 
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Figure 7. V-g and V-f curves P-k method (Nastran) and G method (ZAERO) - wing with full fuel 

tank. 

 

Figure 8. Variation of stiffness distribution along the wingspan and consequent variation of the flutter 

speed. 
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Table 2. ZAERO Aeroelastic Analysis results - wing with full fuel tanks. 

 K 

method 

  G 

method 

 

mode vf(m/s) Freq. (Hz) mode vf(m/s) Freq. (Hz) 

2 326.1 6.53 2 324.5 6.53 
3 671.0 5.60 4 665.8 5.77 
5 591.9 19.59 5 581.8 19.59 

3.2. 2nd Test Case - Forward swept wing  

The second test case has been selected due to the availability of the experimental modal analysis 

results and offered the opportunity to study a realistic case. The aircraft under study is an ultralight 

twin-seat aircraft whose fuselage has been changed from metallic to a carbon-fiber material (max 

cruise speed = 59 m/s and max take-off weight = 600 kg). The main dimensions are shown in Figure 

9. A complex FEM model of the aircraft under examination made it possible to perform preliminary 

dynamic flutter analyzes. This model and the mode shapes deriving from the dynamic analysis, is 

shown in the Figure 10. 

 

Figure 9. Ultralight aircraft 3-views drawing. 
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Figure 10. Whole ultralight aircraft FEA model and mode shapes. 

For the study of the comparison between the two different codes, it was instead decided to adopt 

a simplified model of the horizontal tailplane, which would allow obtaining adequate results with 

the advantage of saving time.  

Table 3. Results of the aeroelastic analysis as the stiffness varies along the wingspan. 

Reference Stiffness var. Stiffness var.  

stiffness distribution @ 20-30% @ 30-40% 

vf(m/s) vf(∆%) vf(∆%) 

430 −4.7 −2.8 

In particular, the flutter analysis refers only to the horizontal tailplane. As regards the first, 

simplified stabilator FEM model, the structure of the fuselage is simplified and idealized through six 

elastic elements that constitute the degrees of freedom. In more detail, the central node of the 

stabilator is connected to a fixed node of the fuselage utilizing six elastic elements, which represent 

the stiffness of the fuselage. Rigid elements have also been introduced in the model to better highlight 

the modes, facilitating their visualization in the post-processing phase and therefore the distinction 
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between bending and torsional mode shapes. The aeroelastic FEM model is shown in Figure 11, in 

which it is possible to appreciate the constraint, the concentrated masses, the rigid elements, the 

aerodynamic panels, the set of nodes used for the interpolation, the spline itself. 

 

Figure 11. FEM model Horizontal tail. 

For the analysis of flutter of the stabilator, various study cases are taken into account and they 

differ in the constraint condition (fixed) or in the unconstrained degree of freedom (rotation around 

the longitudinal axis x, rotation around the transverse axis y, and rotation around the vertical axis z) 

and for the value assumed for the stiffness of the elastic element. From the calculations performed by 

NASTRANTM, the Flutter condition is not found in any of the previously mentioned cases. A 

comparison is then made with the results obtained using the ZAERO code. First, however, it was 

deemed necessary to carry out a sort of  sensitivity analysis to better understand how the aeroelastic 

responses of the structure are  influenced by changes to the variables of the ZAERO code such as the 

number of aerodynamic panels along chord and along wingspan, nodes used for structural and 

aerodynamic interpolation, type of spline: linear or surface spline.  

The purpose is to identify the parameters that make the analysis more conservative concerning 

the identification of the Flutter condition.  

By neglecting to report the results of the numerous sensitivity analysis, from an evaluation of 

the values and the trend of the V-g and V-f graphs obtained from the analysis, it is possible to 

conclude that the best way to proceed is to use a surface-type spline that allows the end nodes of the 

rigid elements to be included for interpolation. In any case, the numerical flutter modes obtained 

through this model have too high and unrealistic natural frequencies.  

When ensuring the safety of aircraft against aeroelasticity phenomena, one of the important 

steps of investigation is Ground Vibration Test.  

GVT can be performed to obtain the vibration amplitude distributions and the frequencies of the 

structure. The GVT results can be used for checking FEM results or used directly in the prediction of 

the flutter problems [25].  

The next phase concerns the verification and tuning of the analytical results to the experimental 

ones. At this point, aerodynamic loads are modeled and measured using a wind tunnel test and 

combined with the dynamic properties in an analytical flutter prediction.  

Finally, test flights are carried out for validation of the reached results and final certification, 

according to the requirement of the airworthiness standard [26].  

The vibrations test has been performed by measuring the frequency response functions (FRF) 

between several points of the stabilator structure, each concerning a fixed position of the excitation 

point.  

The excitation point is located in the middle of the rear spar of the horizontal tail. A maximum 

of 12 points for each side of the stabilator was measured. The excitation signal used during these tests 

has been a Sine Sweep Excitation, obtained through an electro-dynamic exciter Modal Shop Model 

2100 E11 while the structural response has been measured with PCB 333B32 ICP piezoelectric 

accelerometers.  
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The evaluation of the FRF was carried out by using a standard 8 channels FFT analyzer, the LMS 

Scadas 05 Mobile. The LMS TestLab software provides the subsequent steps for the analysis and the 

extraction of the modal parameters by means LMS PolyMAX algorithm. This modal parameters 

identification method yields extremely clear stabilization charts. Following the vibration tests, based 

on the experimental modal analysis results (4), the idea of updating the model of the horizontal 

tailplane was evaluated, thus making it better representative of the test article on which the tests were 

carried out.  

The best modeling consists of discretizing the tailplane in as many points as are those considered 

in the test setup, in which the accelerometers have been placed (Figure 12). As regards the masses, it 

has been assumed that the stabilator weighs a total of 0.8 kg. This weight is distributed equally over 

the 24 nodes in which the stabilator is discretized while for the fuselage section weight of about 2 kg 

is assumed, equally distributed over the 5 nodes of the fuselage.  

 

Figure 12. Test setup Vibration Tests Horizontal tail twin-seat ultralight aircraft. 

The aerodynamic model consists of 10 boxes along the chord and 15 along the wingspan. The 

new aeroelastic model is shown in Figure 13 in which the distribution of concentrated masses and 

the nodes used for the aerodynamic-structural spline are highlighted.  
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Figure 13. Updated FEM model Horizontal tail. 

Preliminarily, a modal analysis and a Dynamic Flutter analysis are carried out of the new model 

using the P-K method. The results of these analyzes are reported for the first 20 modes. Table 4 

indicates the natural frequencies obtained while Figure 13 indicates the mode shapes.  

Table 4. Experimental Modal Analysis and Nastran Dynamic Analysis Results. 

No. mode Nastran EMA Mode shape description 

 Freq. (Hz) Freq. (Hz)  

7 9.67 9.76 Fuselage tail torsion 
8 12.27 12.59 Fuselage bending along z, wing sym. bending 
9 14.09 14.61 Fuselage torsion, wing anti-sym. bending 

10 19.32 18.23 Fuselage bending along y 
11 21.10 20.42 Horizontal tail bending along z 
12 25.81 24.48 Fuselage torsion 
13 30.19 30.42 Horizontal tail bending 

As regards the dynamic flutter analysis, as can be seen from Figure 14, employing the P-K 

method of Nastran, no Flutter instability occurs for zero structural damping up to Vmax = 200 m/s. 

The analysis results obtained using the ZAERO software, on the other hand, highlights a flutter 

instability associated with the 9th mode of a torsional nature, as shown in Figures 15 and 16. The 

flutter speed calculated with both the k and g methods is shown in Table 5. In the same table it is also 

observed how by increasing the value of the structural damping, the flutter speed increases. 

Table 5. ZAERO Aeroelastic Analysis results - Horizontal tail. 

K method   G method  

mode vf(m/s) Freq. (Hz) mode vf(m/s) Freq. (Hz) 

9 176.47 13.57 (No Damping, G = 0) 211.8 13.54 
—- —- —- (Damping, G = 0.5) 259.7 13.54 
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Figure 14. Damping and Frequency vs Velocities plots, Method P-K, NASTRAN™. 

 

Figure 15. Damping vs Velocities plots, Method P-K, ZAERO. 
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Figure 16. Frequency vs Velocities plots, Method P-K, ZAERO. 

4. Conclusions  

This paper aims to compare different aeroelastic methods outcomes achieved using both 

NASTRAN™ and Zonatech ZAERO software. To obtain a numerical comparison between the 

results, the P-K, K, and G methods have been used to perform the aeroelastic analysis of two cases 

study: a forward-swept wing and the stabilator of a two-seater aircraft of the general aviation. In the 

first case, the flutter speed identified with the two software and with different aeroelastic methods 

outputs almost similar results, very close to each other. In the second case study, ZAERO provides a 

solution identified as flutter for the vertical tailplane but in any case much greater than the maximum 

speed. The free flutter condition is verified. In a flutter analysis, the computation could be repeated 

many times,  so the computational time of a particular job is important. The computational time is 

below one minute in both examined cases in this work. This fact is due to quite simple models 

geometries and aerodynamic but in general, it is necessary to point out the most time-consuming part 

of the ZAERO computation is the Aerodynamic Influence Coefficients matrix that is proportional to 

the squared number of aerodynamic boxes. This study allowed the authors to familiarize with 

ZAERO software, noting the simplicity with which it is possible to use it rather than Nastran solver, 

based on the same nomenclature of the instructions used. Greater convenience in using the ZAERO 

software rather than Nastran can be seen for more complex geometries than those attributable to 

stick-beam structures for the aeroelastic analyses.  

Table 6. Experimental Modal Analysis Results. 

No. mode Freq. (Hz) Mode shape 

1 1.99 Rigid body mode 
2 4.0 Rigid body mode 
3 9.76 Fuselage tail torsion 
4 12.59 Fuselage tail bending 
5 14.09 Fuselage tail bending 
6 18.23 Fuselage tail bending 
7 19.42 Horizontal tail bending 
8 29.12 Horizontal tail bending 
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Abbreviations 

The following abbreviations are used in this manuscript:  

CFD Computational Fluid Dynamics 

EMA Experimental Modal Analysis 

FEM Finite Element Method 

GVT Ground Vibration Test 

UAV Unmanned Aerial Vehicle 
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