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Flutter Testing

� Flutter : What & When?

� Procedure & excitation

� Flight Envelope Clearance & flight profile

� Flutter testing cycle

� Data acquisition & data preparation
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What is Flutter?

� Flutter is an aeroelastic phenomenon
� Unstable self-excited vibration
� Structure extracts energy from the air stream

� Flutter starts to occur at a certain speed
� Negative dampings start to occur at flight points where two modes 

are coupled in an unstable way
� Typical coupling: wing bending/torsion, wing torsion/control surface, 

wing/engine
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5 copyright LMS International - 2009
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LMS Flutter Analysis
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Flutter Testing

� Flutter : What & When?

� Procedure & excitation

� Flight Envelope Clearance & flight profile

� Flutter testing cycle

� Data acquisition & data preparation
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Flutter procedure according to NASA

Ref: NASA Technical Memorandum 4720, “A Historical 
Overview of Flight Flutter Testing,” October 1995

� Fly at several 
stabilized speeds

� Increasing dynamic 
pressure

� Increasing MACH 
number
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Flutter testing: the procedure

� Find frequency and damping of criticial modes
� For increasing Speeds � increases the dynamic load
� At different Altitudes � the lower the altitude, the higher the dynamic load
� At different MACH values
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Output only: artifical vs natural excitation

� Operational Modal Analysis: 

� Output-only analysis � no FRFs but Crosspowers between responses and 
reference responses

� Reference responses: wing tips, tail tips, nose; in general: well excited 
points

� Operational PolyMAX

� Requires natural, operational excitation!

� OMA with artificial excitation

� Only operational responses are considered
� …but: all modes are well-excitated due to force input!

� …and: additional operational excitation used
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Lms Test.Lab automatic modal parameter selection 
Speed up modal analysis

� Rule-based method
� Not affected by ability of human mind to 
treat information
� High accuracy on pole selection
� Reduce uncertainty

� Improve productivity

� Guidance tool for all

� Extensible to automatic modal analysis
� Analyze multi-patches measurement
� Low modal density cases (ex. Body-in-
white car)
� Flight qualification of aircraft
� Structural damage detection / Structural 
health monitoring

One push 
instead of 
manual 

selections

All physical 
poles selected 
at a glance in  
stabilization 

diagram

PolyMAX & AMPS generate user-independent results
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Flutter Analysis

OMA

AMPSPolyMAX

Automating Operational Modal 
Analysis ��� � enables fast & 
accurate flutter analysis
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Goal during flutter testing

Get accurate damping estimate in an 
operational situation

Accuracy

Waiting Time is Money ��� � plane is doing 
nothing during the analysis

Waiting Time is Dangerous ��� � during the 
analysis time, the plane may be exposed to 
flutter conditions!

Speed

Do Modal Analysis on operational output-
only data

Modal Analysis



13 copyright LMS International - 2009

Flutter Testing

� Flutter : What & When?

� Procedure & excitation

� Flight Envelope Clearance & flight profile

� Flutter testing cycle

� Data acquisition & data preparation
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Flight Envelope Opening
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� Flight Envelope
� Flutter-safe bounderies w.r.t. speed, and altitude
� Consists of a number of flight points

� Flight Envelope Opening
� No flight envelope exists yet, except for simulation
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Flutter Testing

� Flutter : What & When?

� Procedure & excitation

� Flight Envelope Clearance & flight profile

� Flutter testing cycle

� Data acquisition & data preparation
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Telemetry ground station

LMS Scadas Mobile data 
acquisition system

Flutter testing procedure: Data acquisition

In-flight data recorder & 
telemetry transmitter

On-board flight data 
recorder and 

telemetry system

Ground station: 
receive data, split 
fast/slow channels

Data acquisition with  
Scadas F/E or               

3rd part software

Dynamic data

Flight parameters

D/A

TCP/IP

Flight data
3rd party software:

Data tape/card reader

ONLINE data preparation

OFFLINE data preparation

(Altitude, CAS, MACH, etc.)
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Flutter testing procedure: cyclic

� Flight envelope definition: Determined by real-time flight  parameters.
� After 1 cycle, the pilot is instructed to move on to the next flight point

� Complete offline processing possible: allows in-depth analysis afterwards, accounts for 
telemetry-based data errors

Measure with 
Spectral Testing 
from telemetry

Average flight 
parameters fix 
the flight point

Automate OMA 
(minimal 

interaction)

Evaluate evolution 
of f and � for each 
mode in display

The Flutter application consists of 2 dedicated GUIs:
� A Flutter Progress window that is always on top:

� The dedicated Flutter worksheet which
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Flutter analysis: viewing results

� Measurements are displayed 
in the flight envelope

� Selected poles are added to 
the Pole Table, based on a 
match in frequency using 
“pole tolerance” parameter.

� Poles are displayed in U/L 
display with amplitude in the 
upper display and damping in 
the lower display.

� The Displays group allows to 
select a different x-axis, or to 
fix against a slow channel 
parameter (e.g. MACH value)

� Support for military damping 
standard g=2*�
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Flutter testing: what can LMS do for you?

Operational Modal Analysis with artificial 
excitation & PolyMAX parameter estimation 
method

Analysis

AMPS: automatic modal parameter selection 
in stabilization diagram

Automated

AMPS: deterministic method! Always yields 
the same results with the same parameters

Repeatability

Flutter condition can be determined in as 
fast as 10 seconds 

Speed

Experts can interact with the automated 
procedure 

Expert interaction
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Flutter Testing

� Flutter : What & When?

� Procedure & excitation

� Flight Envelope Clearance & flight profile

� Flutter testing cycle

� Data acquisition & data preparation
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LMS

ONLINE & OFFLINE Flutter analysis

LMS Computer System

SCADAS

Customer

D/A

Data convertor

• TDF

• Slow-channel 
blocks

• Spectral Testing

• F/E driver

• Parellel Throughput

LMS Flutter Analysis software

• OMA

• PolyMAX

• AMPS

• Flutter

3rd party 
software

Common file 
format: ascii, 
matlab, …

Dynamic data

Tape/ flash card

TDF: 
dynamic 

data

TL DB: 
slow 

channels

ONLINE 
data 

(telemetry)

OFFLINE 
data

preparation

TCP/IP

Binary flight data

TL readable data

E
xport

XML data protocol

Analog

LMS standard SW/HW

Customer SW/HW

LMS Customization required

No integration needed

Flight parameters

choice
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Summary

Standard ‘off-the-shelf’ softwareFlutter analysis

Record slow-channels to TDF, or Customization 
required to send slow-channel data over TCP/IP to 
Flutter application

Online usage

Customization required to write data convertor:
� Data conversion/preparation from known file format: 

easy, can be done in the scope of the current project 
(e.g. export to Matlab, UFF, ASAM-ODS, neutral file, 
etc.)

� Data conversion from binary flight-recorder: time-
consuming, additional quotation needed

Offline usage
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