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ABSTRACT 

 

During the development of an aircraft it is mandatory to demonstrate that the aircraft is free from 

flutter within its operational flight envelope. This piece showcases JFlutter, a flutter analysis tool 

developed within Airbus Defence & Space Flight Test Analysis Tools. JFlutter allows the 

analysis of this phenomenon in real time monitoring and post flight mode.  

Using the FxS dataserver as data provider, a reliable data gathering mechanism has been used for 

this critical tool. 

As flutter means aero elastic instability, potentially dangerous, flight safety becomes a main 

requirement. For safety reasons and in order to reduce overall test program duration it is 

necessary to check predicted frequencies and damping in real time / monitoring. 
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Local Area Network                   

Flight Test + Monitoring Suite       

Flight Test Instrumentation          

Common Data Format                   

Rational Fraction Polynomial method  

Root Mean Square                     

Power Spectral Density               

Transfer Function                    

Coherence Function                   

Correlation Coefficient              

Time Tagged Data 

Flight eXchange Service (client/server data access)               

 

 

INTRODUCTION 

 

Flutter is an important and complex phenomenon which must be studied following several steps: 

theoretical analysis during the design, wind tunnel model test, ground vibration surveys and, 

finally, flight tests. The aim of this analysis is to evaluate modal damping and frequencies. Flight 

Test objective is to check predicted results obtained in previous phases adhere to operational 

reality. 
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As flutter means aero elastic instability, potentially dangerous, flight safety becomes a main 

requirement. For safety reasons and in order to reduce overall test program duration it is 

necessary to check predicted frequencies and damping in real time / monitoring. 

JFlutter is Airbus Defence and Space response to flutter analysis tasks, be them either real time 

monitoring or post flight analysis, it has been developed by Flight Test Analysis Tools. 

Flutter Tests Considerations: 

 Flutter testing aim is to show test aircraft is free from flutter within its flight envelope 

 Flight Test objective is to verify theoretical analysis, wind tunnel and ground vibration 

results. 

 It is desirable to reduce overall test program duration and costs with telemetry and real 

time analysis. 

 On line TF calculation and immediate global parameter identification is a must to 

guarantee safety requirements. 

 

 

APPLICATION DESCRIPTION 

 

JFlutter is an in-house developed application designed for modal parameter estimation and used 

for analysis and certification purposes in C295, Eurofighter, A310 BOOM, A330MRTT and 

A400M aircrafts. 

From a software perspective it is based in a modular design where different functions are 

performed by different, isolated, modules. This modularity allows replacing and upgrading 

certain software parts separately; moreover it eases software maintenance and allows a well-

controlled growing. 

Being part of Airbus Defence and Space monitoring suite means it is fully integrated within the 

Flight Test Multiplatform Analysis Software: FT+. 

JFlutter’s characteristics: 

 Multiplatform, developed using JAVA 1.6 (Compatible with 1.7 and 1.8) & platform 

agnostic FORTRAN for mathematical calculations and C++ for FxS data access. 

 Signal conditioning techniques are applied to the data to avoid problems with spurious 

information. 

 Real Time calculation of multiple transfer and coherence functions. 

 Automatic analysis interval selection using coherence as criterion. 

 Custom, global parameters identification method is used to get a unique set of modes 

with their associated frequencies and damping. 

 Up to 50 simultaneous accelerometers (this number can be easily upgraded). 

 The application has two different working modes: real time (receiving telemetry data) 

and post flight (reading recorded test files). 

 

WORKFLOW AND DATA MANAGEMENT 
 

When analyzing flutter we need to measure structure’s excitations and response signals, this is 

done through an on-board FTI. Signals are digitalized with the adequate sampling rate and once 

in a digital format they are stored in a flight data recorder and transmitted by telemetry to the 

FTC, this allows for real time flutter analysis. 

JFlutter can be run in two modes: real time and post flight analysis. 
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In real time use cases the telemetry is processed using a data server. Data server provides, using 

a LAN, TTD data to PCs running monitoring tools, being JFlutter one of them. This design 

allows for many JFlutter applications to run concurrently in different workstations. 

Each JFlutter application receives real time data while the manoeuvre is being performed, 

calculating transfer and coherence functions on the fly. Immediately after the manoeuvre is 

completed automatic modal parameter identification can be executed, displaying its results after 

2 or 3 seconds. Once the comparisons with the theoretical modes are made the pilot is allowed to 

continue to the next test point. 

 

 
Figure 1 

 
In post flight mode the analysis workstations read the data from the flight files. Supported 

formats, at the moment, are CDF [Ref. 1] or plain text files, but this module is easily upgradable. 

In both cases execution is controlled by a configuration file which settles the set of parameters to 

be analyzed and the analysis characteristics (block size, windowing, overlapping, model order 

limits, etc.). 

 

MATHEMATICAL ALGORITHM 

 

The identification algorithm implemented in the program is based on the Rational Fraction 

Polynomial method (RFP) [Ref. 2, Ref.3 and Ref.4].  

The transfer function is fitted by a fraction of linear combinations of orthogonal polynomial.  

The numerator is a polynomial matrix and the denominator is a polynomial. 
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Equation 1 

The poles (s domain) are the zeros of the denominator, as the denominator is a polynomial; this 

means that the poles are unique for all the structure. 

 
Equation 2 

 
Mathematical nucleus characteristics:  

 

 Real Time multiple calculation of transfer and coherence functions.  

 Automatic selection by coherence criterion.  

 Frequency domain global modal identification method.  

 Fast, precise and robust identification method.  

 Multiple validation criteria.  

 Automatic modal order selection.  

 
 

SOFTWARE DESIGN OVERVIEW 
 

As has been said JFlutter is implemented using separated modules, this allows a well-controlled 

development and maintenance. This pattern can be seen as a derived MVC [Ref. 8 & Ref. 9] / 

MVP [Ref. 10] software design pattern. 
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Figure 2 

 
JFlutter is divided in three main parts or cores; each core is in charge of a very specific task.  

 Data Access Core: data reading and adapting it to JFlutter data types.  

 Calculus Core: main compute functions.  

 Presentation Core: It has two parts GUI Data Consumer and Calculus Consumer.  

o GUI Data Consumer receives data from Data Access Core and Calculus 

Consumer.  

o Calculus Consumer receives data from GUI Data Consumer (selection intervals) 

and Data Access Core (RAW data).  

 

Static interfaces are defined between cores, allowing for easier maintenance and future 

development. 

 

USER INTERFACE 

 

Main interface is divided in two different areas: plotting panel and general information panel. 

Plotting panel is divided in tabs or pages; each page contains a set of signals, additionally, input 

signal has its own space and is visible from all tabs. Each tab is again divided in two parts, left 

and right. Left panel is reserved for time histories plots, whereas right panel contains frequency 

domain plots, transfer function and coherence. All plots allow for general plot handling, zoom, 

point selection and values, etc. Both plots allow for interval selection, time histories selection 

determines the data used in the TF & CF calculus, meanwhile frequency plot selection 

determines the parameter identification data and its calculus. Additionally, user can select which 

signals are used for parameter identification using check boxes. 

Lower or general information panel is where generic additional information is displayed. This 

panel contains a TM quality measure, general aircraft data, a time and frequency selection 

information panel and additional parameters data. Finally the RMS of a single function is 

displayed in the lower right corner. 
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Figure 3 

 
All user controls / buttons are located in the upper and lower taskbars, and many of them are 

duplicated so user can click whatever one he finds more suitable. Algorithm properties can be 

configured and modified in execution time from within the GUI. 

Additional Features 

With the aim of facilitating the use of the program in real time, the interface has other significant 

features like: 

o Single parameter selection / page parameter selection 

o Fast pole calculus (spike selection, single parameter, see Figure 3) 

o Additional parameter monitoring 

o Telemetry quality measure (real time mode) 

o Plot scales auto adjustment (TH and TF/CF independently). 

o Fast input selection for input switching 

o Time Slice selection when in post flight mode. 
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Figure 4 

 

 
Figure 5 

 
Analysis Interfaces 

JFlutter’s algorithm applies [Equation 1] using different orders for the denominator and the 

numerator (n=1, 10 m=1, 20, configurable), this sweeps all possible solutions in a single 

execution, providing all possible results in a single run. 

The program provides the automatic order selection based on the comparison between the real 

Transfer Function of the structure and the Transfer Function obtained using the identification. 

As a result of this matching, a correlation coefficient R2 (between 0 and 1) is calculated. A 

highest R2 value means a better matching between real TF and calculated one. The program 

automatically selects and presents the order with the highest correlation coefficient. 

Figure 6 shows the frequencies of the identified modes for the different orders and the selected 

ones automatically by the algorithm. 
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Figure 6 

 
 
 
 
 
 
 
 
JFlutter also provides the value of the modes (frequency and damping) obtained using the 

different orders considered in the algorithm in addition the corresponding transfer function. 

 

 
Figure 7 

o Automatic order selection 

o TF matching 

o Easy pole identification 

o Pole damping 

o R2 

o Exporting to MDB file 

o Printing and image exporting 
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From this perspective the user is able to navigate between modes and the program shows the 

module and phase of each accelerometer / input. Each accelerometer is presented in a different 

page. 

Another possible analysis is pole dispersion for different orders; in this case all orders are plotted 

simultaneously in a cross plot: Dampening vs Frequency. The size of the circle represents the 

order (the bigger the lower) green ones being the selected order. 

 

 
Figure 8 

 
 

Finally JFlutter can store an output table with the poles and its residues, including the Modal 

Participation Factor. 

o Single order selection result 

o Phase and module TF matching 

o Pole damping 

o Automatic pole selection 

o R2 

o Frequency vs Damping vs Order 

o Shows dispersion around a pole 

o Easy order selection 
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Figure 9 
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