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Abstract 
During the development of a new aircraft, the Ground Vibration Test (GVT) is an essential test and this 

work presents the results of the modal analysis performed in a small and flexible structure simulating an 

aircraft. The objective was identified, compare and explore different methods – Experimental Modal 

Analysis and Operational Modal Analysis- in order to obtain the modal parameters of the structure. The 

reliability of an experimental and operational analysis was verified by modal assurance criterion calculations 

between the experimental data and validated by comparison and correlation with a finite element model. 

1 Introduction 

Ground Vibration testing is a very specialized and important test within the experimental modal analysis 

area (EMA). GVT is nearly performed shortly before first flight of an aircraft prototype and its represent, 

sometimes, a great pressure on manufacturer is high in order to keep the promised schedule for certification 

and delivery. This situation requires the constant improvements for this test. This paper discusses the GVT 

and show different techniques and methods in order to improve the test time and show that Operational 

techniques could be used, as an option to reduce the time schedule with satisfactory results.   

The modal parameters of a structure are characterized by the modal shape, natural frequency and damping. 

When a structure is excited, the response results is a combination from vibrating modes acting 

simultaneously. Therefore, when analyzing this response it is possible to retrieve the modal parameters [2]. 

In the theoretical modal analysis, the systems can be represented by mathematical models, through auto-

value and auto-vector problems, which can be described using analytical and numerical models. The finite 

element method [3] is widely diffused in several engineering sectors, with good results. On the other hand, 

experimental methods for the determination of modal parameters of structures could be divided in two main 

groups:  Experimental Modal Analysis (EMA) and the Operational Modal Analysis (OMA). 

During the GVT, the modal analysis technique is necessary to the knowledge of the dynamic behavior of 

the structure and used by the certification process. During the development phase, it is common to perform 

the complete modal analysis, where theoretical modal analysis techniques are adopted, as well as the 

experimental modal analysis are used to validate the update theoretical models. In EMA, the modal model 

of the dynamic system is obtained by the Frequency Response Functions (FRFs) results. A combination of 

excitation and response in different positions of the structure allows obtaining a set of FRFs, which provide 

the determination of the modal matrices (mass, stiffness and damping) and as a result the identification of 

the modal parameters of the structure [1]. On the other hand, using Modal Operational Analysis, the modal 

parameters are identified from the structure's own operating conditions, that is based only on the structural 

responses of the model [4]. 
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This article presents the modal tests performed in a structure simulating a small and flexible aircraft 

structure. It is important to highlight that, in this initial investigation, a small-scale structure was used to 

characterize and compare numerical vs experimental results. These studies should be extended to a real 

aircraft structure in future works. In these tests, using the EMA and OMA techniques, two 200kN shakers 

were used for the structure excitation and sixty-four channels for the response measurements. Initially, EMA 

was adopted in order to identify the structural modes. In the second step, the structural parameters of the 

structure were identified, using OMA. 

Finally, a correlation of the structural modal parameters of the structure obtained experimentally with those 

obtained by a numerical model using the Finite Element Method (FEM) was done. 

2 Material and Methods  

2.1 Experimental setup  

The proposed experimental setup was carried out with 64 channels and 2 generators, divided into LAN XI® 

modules inside one frame (as shown in Figure 1) which monitor the signal from the sensors. Measurements 

were performed using 35 tri axial B&K accelerometers types 4535 and 4520 placed on the structure as 

shown in Figure 1. Also, two 200kN B&K shakers type 4825 was used in order to excite the structure with 

a sinusoidal and random signal. Data acquisition and analysis was performed using Labshop and BK 

Connect softwares both from B&K 

 

Figure 1: Experimental setup 
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The real structure is shown at Figure 2. Metal plates joined by rivets made the structure and divided into 

three sections: wing, main fuselage and tail set. For each section was installed a set of sensors so that 

could be realized independent measurements for each section. This approach allows, the modes be 

analyzed separately for each section, if necessary, facilitating the separation of the modes that can be 

coupled. 

 

 

Figure 2: Real Experimental setup  

 

 For the numerical analysis, the Finite Element Method (FEM) was used. The validation of the numerical 

model was done through a comparison between EMA and OMA techniques, as described below. 

2.2 Finite Element Model FEM  

The finite element method is used as a numerical prediction technique for solving engineering problems, 

which consists of finding the distribution of one (or several) field variable (s) in a continuous domain, 

governed by an appropriate set of equations partial differential and boundary conditions. The FEM (see for 

example ZIENKIEWICZ [3] is based on two concepts: 

• Transformation of the original problem into an equivalent integral formulation ("residual weighted" or 

variational); 

• Approximation of the distributions of the field variables and the geometry of the continuous domain in 

terms of a set of form functions, which are locally defined within small sub-domains (finite elements) of the 

continuous domain. 
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By applying the element concept, the original problem for determining the distributions of field variables in 

a continuous domain is roughly transformed into a model of the field variables in some discrete (nodal) 

positions within each element. This transformation results in a set of algebraic equations for which numerical 

solution procedures are available. 

The numerical model was constructed using the Ansys® software, in the free-free condition.. Figure 2 

illustrates the geometry considered, as well as the finite element mesh generated for the structural analysis 

of the model of the aircraft structure. 

. 

 

Figure 3: FEM Model 

2.3 Test sequence  

2.3.1 Experimental Modal Analysis  

The Experimental Modal Analysis makes it possible to obtain the dynamic characteristics of the system 

from Frequency Response Functions (FRFs), defining a direct relation between the input (excitation) and 

the output (response) of the system [1]. In this way, these FRFs were used in a visual analysis to ensure that 

the source adopted, the 2 200kN shakers were able to excite the structural modes of the aircraft. 

The FRF can be defined as the Laplace Transform of the impulse response function, [4]. In physical terms, 

the FRF represents the amplitude and the phase of the steady-state response of a system to a degree of 

freedom with viscous damping subjected to a unitary harmonic force and frequency ω. 

For the definition of the resonance frequencies of the structure a swept sine signal was generated as shown 

in Figure 4. 

 

Figure 4: Sweep sine signal 
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From the sinusoidal sweep, with spectral components varying from 0 Hz to 200Hz, three FRF from driving 

points were obtained. Based on a simple visual analysis, the natural frequencies are clearly verified, as 

illustrate Figure 5. 

 

 

Figure 5: Sweepsine signal 

2.3.2 Operational Modal Analysis  

Operational Modal Analysis, also known as Modal Analysis based on responses alone, uses the operational 

excitation itself as input for measuring system response. [4] 

The identification of modal parameters in the Operational Modal Analysis can be divided into two main 

groups: time domain analysis and frequency domain analysis. [8] 

The main idea of OMA is to obtain physical information of the system from the functions of correlation and 

functions power spectral density, thus, the identification in the frequency domain extracts physical 

information from the system from the function of spectral density. While in the time domain the analyzes 

are performed dealing with a system with free response, in the frequency domain each mode has a small 

frequency band where the mode is dominant. Thus, in the frequency domain there is the advantage of natural 

modal decomposition, since it considers different frequency bands referring to the different modes of the 

system. For this study the frequency domain identification technique known as Advanced Frequency 

Domain Decomposition (EFDD) [9] was used. 

The technique of Advanced Decomposition in Frequency Domain, EFDD, found in GADE et al [10] 

depends on the spectral decomposition of the measured response. 

And is defined as: 

 

(1) 

Where Gyy (f), Gxx (f) and H (f) are the spectra of the measured response, unknown excitation and the 

Frequency Response Function (FRF), respectively. 

Once confirmed that the chosen source of noise, two fans - in order to simulate a real operational condition, 

was able to excite the structure and to identify the structural modes, the fans was turn it on and the natural 

frequencies, modal forms and damping of the structure were obtained using the Operational Modal Analysis 

(OMA) technique, the results and the stabilization diagram are presented in item 3.2. 
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3 Results  

The analysis of the results was divided into two parts: Analytical Results or FEM results and Experimental 

Results. 

3.1 FEM Results 

Using the Finite Element technique, the first three modes of flexion and the torsion mode of the structure 

were calculated from the Ansys software and their respective results are shown in Figure 6. 

 

  

Mode 1 – 6,56Hz Mode 2 – 35,43 

 
 

Mode 3 – 39,1Hz Torsion mode – 41,48Hz 

Figure 6: FEM Results 

 

3.2 Experimental Results  

3.2.1 Experimental Modal Results  

The Experimental Modal Analysis technique, using the 2 shakers as an input reference (excitation), enabled 

the identification of the structural modes of the system. Figure 7 shows the stabilization diagram and the 

modes identified are show in Figure 9  with the modes shape. 
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Figure 7: Stability Diagram 

Figure 8 illustrate the AutoMAC from classical experimental measurements showing consistency during 

data acquisition and the results. 

 

 

Figure 8: Auto MAC 

 

 

  

Mode 1 – 7,33Hz Mode 2 – 30,73 
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Mode 3 – 38,28Hz Torsion mode – 46,Hz 

 

Mode 4 – 59,7Hz 

Figure 9: EMA Results 

3.2.2 Operational Modal Results  

Using the Operational Modal Analysis in the frequency domain (EFDD), [10] it was possible to identify the 

first four bending structural modes and the torsional mode of the structure (shown in Figure 2). 

Figure 10 illustrates the stabilization diagram of Operational Modal Analysis, the blue circle illustrates that 

the mode found is stable 

 

 

Figure 10: OMA Stabilization diagram 

2984 PROCEEDINGS OF ISMA2018 AND USD2018



Figure 11 illustrate the AutoMAC from Operational experimental measurements showing consistency 

during data acquisition and the results. And, the modal shapes are illustrated in Figure 12. 

 

 

Figure 11: OMA Results 

 

 

  

Mode 1 – 6,79Hz Mode 2 – 30,07Hz 

  

Mode 3 – 37,5Hz Torsion mode – 46,12Hz 
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Mode 4 – 67,2Hz 

Figure 12: OMA Results 

3.3 Results Comparison 

Table 1 compares the results from FEM, Experimental Modal Analysis and Operacional Modal Analysis: 

 

 Mode 1 Mode 2 Mode 3 Torsion Mode Mode 4 

FEM 6,56 35,43 39,1 41,48 - 

EMA 7,35 30,73 38,28 46,76 66,42 

OMA 6,80 30,07 37,52 46,43 67,28 

Table 1: Results Comparison 

From Table 1 it is possible to observe that the modes found in both the experimental model and the analytical 

model are of the same order of magnitude.  

 

4 Conclusions   

This work presented an experimental investigation on the behavior of the airplane structure, specially during 

the GVT test using different identification methods . In order to determine the vibratory behavior  tests were 

carried out with the scale structure of the aircraft and the determination of its natural frequencies, modes of 

vibration and shape was done using the Experimental, Operational and Analytical Modal Analysis of the 

structure. 

These type of analysis provide more flexibility and capabilities to address GVT requirements. The quality 

of results using OMA is also very convincing and had a fast and simple setup. 

In general, the results obtained in all cases: Experimental Modal Analysis, Operational Modal Analysis and 

Finite Element Analysis proved to be quite effective, since the validation using MAC showed consistency 

of the modes found, and the comparison of the natural frequencies presented errors less than 3%. 
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