
Case Study on Flutter Analysis 

1- Rename the divergence model that is created as TAI_Flutter.db and open the model with     

Patran. 

2- Redo modal analysis to see the bending and torsional frequencies. Ask for 8 modes. 

 

 

 

 Look at the first bending and torsional mode shapes 

    

 

 Take a note of the frequencies. Lowest frequency is 50.825 Hz! 

 



 

3- Open the model in Flightloads and post all the groups. 

 Do the following selection  

             Aerodynamics / Unsteady aerodynamics / Create / MK pair set 

Aerodynamic matrices are pre-computed for a set of user-defined (M, k) pairs. The actual 

matrices needed are obtained by interpolation. 

   

 

 Fmin, Vmax, Fmax, Vmin values should be defined to create a M-K set. Vmin is 

usually taken as the stall speed and Vmax is usually taken as the dive speed or a speed 

higher than the dive speed. Frequencies Fmin and Fmax can be defined according to 

modal analysis results. Fmin should be smaller than first bending mode frequency and 

Fmax should be greater than first torsion mode frequency, because flutter generally 

occurs between these modes. A higher frequency mode can be chosen for Fmax value 



if first torsion and first bending modes are close to each other. Maximum and 

minimum reduced frequency (k) values are calculated using equations below and M-K 

values are created. M and k values are increasing k value uniformly from kmin to 

kmax. 

 

 

 

 Ok the M-k menu and then press Apply to create the M-k set. 



 
 

3- Check the aspect ratio of the lifting surface (max. Aspect ratio is selected as three in 

the example below) 

   Aero Modeling / Flat Plate Aero Modeling 

 

 
 



 
 

4- Check the boxes per wavelength  

 

Aero Modeling / Flat Plate Aero Modeling 

 

 
 

Here local chord is the chord length of the aerodynamic box. 

 



 
 

 
 

In the example given above: 

 

Vmin= 30 m/s,  Fmax=250 Hz (which is very high and not necessary for this problem) 

Boxes per wavelength= 30/(250*0.025)=4.8 (higher than 4!) 

 

 

 

 

 

 



5- Select   Aeroelasticity / Analysis 

 

 Solution type / Flutter 

 Subcase create /SC_M_0_6 

 Select Default  load case 

 

 

 



 Click Real Eigenvalue and ask for 8 roots (Flightloads adds 6 more modes) 

 

 

 Subcase Parameters /Modal Damping / None (if one wants to add structural damping 

one can adjust it in this menu) 

 

 
 

 



 Click on Mach-Frequency pair that was created. 

 

 

 
 

 Press on Flutter parameters (XZ symmetry: Symmetric,  XY symmetry: Asymmetric) 

 Select PK method 

 Enter M=0 (first analysis will be made assuming incompressible flow) 

 

 
 

 We will perform flutter analysis at 3000 m altitude.  



 Click on Density ratio set 

 Give the set name : D3000m 

 Write 0.7416 in the input field (ratio of air density at 3000 m / sea level air density) 

 

 
 

 

 Press enter so that density ratio shows up under the Density Ratio column 

 

 
 

 



 Press Apply and create the density ratio set. 

 

 
 

 Click on velocity set name (these are the velocities at which aerodynamic damping is 

calculated) 

 Give a set name: Vel1 

 Enter velocity values in the Input field 

 Press enter 

 In the vector field change NO to YES (YES will allow us to animate mode shapes at 

different velocities) 

 

 
 

 



 Enter velocities up to 230 m/s (Vmax was 225 m/s) 

 Add one last row but do not enter any velocity in that last row. 

 

 
 

 

 Press Apply and then Cancel 

 
 

 

 

 



 Highlight the Velocity set just created as shown below. 

 Press Apply 

 

 

 

 Press OK in the Flutter parameters menu 

 
 

 

 

 

 

 

 

 

 

 



 Press Apply in the Subcase Create menu and create the subcase : SCM06 (Subcase 

name given above is modified to SCM06. Original name was SC_M_0_6 ! 

 

 
 

 Select the subcase in the Subcase Select menu 

 

 



6. Press RUN 

 

 

7. Open the .f06 file and go to point 1. Point 1 is the first mode which is the bending mode. 

Point 2 is the second mode which is torsion. 

 

 

 

 

 

 

 

 



8. Plot damping versus velocity and frequency versus velocity curves. 

 

Damping versus velocity plot for modes 1 and 2 

 

Frequency versus velocity plot for modes 1 and 2 (zero frequency speed is divergence 

speed) 
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From the above plot it is seen that flutter speed is about 180 m/s which corresponds to 

180/328.4=0.55 Mach. Since we have created M-k pairs at 0,0.1,0.2,0.3,0.4,0.5,0.6 Mach 

numbers we can select M=0.6 in the flutter parameter section of the Subcase. 

 

Results of the new run is given below for the flutter mode which is mode 2 (torsional mode).  

 
 

This table shows that damping crosses 0 between 190 m/s and 200 m/s (very close to 190 

m/s). If we say that flutter speed is 190 m/s then M=190/328.4=0.58 which is very close to 

M=0.6. To be more exact we can create M-k pairs to also include M=0.58. But in this 

example M=0.58 is very close to M=0.6 so we can say that flutter speed is slightly higher than 

190 m/s. 

9. Flutter mode shapes 

 Access results : Results Browser / Access Results Data 

 



 Attach the .xdb file 

 

 Click “Results Viewer” 

 

 Click “Results Viewer” 

Flutter frequency is read from the .f06 file. For mode 2 (torsional mode) flutter frequency is 

about 72.48 Hz. 

  

 



 Click “Results Viewer” 

 Scroll down until you find the flutter frequency (72.48 Hz in this case [mode 226]) 

(Note that we had asked for 8 modes but Flightloads adds 6 more modes) 

 

 Select mode 226 and plot the flutter mode shape in the Quick Plot menu and animate. 

(Unclick “Show Undeformed” in Deform Attributes menu) . Observe the bending-

torsional coupling. 

 

 

 Also animate mode 2 (zero velocity case) which is pure torsional mode.   

 

 


