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.

Control  Help  Utilities

Solution

CLLLUWIE

¥ ' Subcase Paramete

REAL EIGENVALUE EXTRACTION

Extraction Method:

Lanczos ¥ |

Frequency Range of Interest

Lower =

Upper = |

Estimated Mumber of Roots =
Number of Desired Roots =
Diagnostic Output Level:

Results Hormalization

Action:

Available Subcases

L ey By re ||

Default

SC1 AEROSG2ZD
SC1:DEFAULT
Untitled.SC1

Fl

Subcase Name

Normalization Method:

Mormalization Poirt =

Maormalization Component:

Murmber of Modes in Error Snalysis =

|10

Default Load Temperature =

Contact Table...

Cancel | | Apply |

Available Load Cases

SC1 AEROSGZD
SC1DEFAULT
Untitled. SC1

— Subcase Options.

Subcase Parameters..

Output Requests...

Direct Text Input...

Select Explict MPCs...

Cancel |

e Look at the first bending and torsional mode shapes

Available Jobs

DivModel_Modala
FlutterModel_Modala

4

Job Name

| FlutterModel_Modala,
Job Description (TITLE}

SUBTITLE

LABEL

Translation Parameters...

Solution Type...

Direct Text Input...

Select Superelements...

Subcases...

Subcase Select...

m

Apply |

Group  Analysis |

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



Default, A1:Mode 1 : Freg. = 50.825;-k
Default, &41:Mode 2 : Freg. = 25 409,k
Default, A1:Mode 3 : Freg. = 104.64;-k
Default, &41:Mode 4 : Freg. = 137.61,-k
Default, A1:Mode 5 : Freq. = 170.56;-h
Default, &1:Mode & : Freg. = 254 23,k
Default, A1:Mode 7 : Freq. = 259.45,-k
Default, &1:Mode & : Freg. = 275.51;.-k

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.

Flight Loads Dynamics it
= Aero Modeling H%
{* Asrodynamics
~ .
Aeroelasticity T
(" Resultz Browser
. I
~

Import/Export
Mporutxpo Action:  Create ™
Options

Object MK Pair Set ¥ |

Exizsting MK Pair Set=

Current SuperGroup
| AEROSG2D

| Flat Plate / Elemental

m

MK Pair Set Mame
ME1 =
Aerodynamics | | 3
Global Data... |
Mach Freguency Pairs... |
Steady Aerodynamics... |
Unsteady Aerodynamics... | Apply Cancel |

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.
P XX fon XC
min B
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_ 2 QTR max Xc
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2xv
Set Name = MK
Reference Chord = 0.25 ” £1 L ™ 2% HE‘ H T:: 3&‘” ﬁ‘
Reference Span = 1.
Mach Set: Frequency Set:
) . al;
Uniform ¥ | Uniform | [T ] :
[+ Wach Range [+ Dimensional E -
Action:  Modify ™ | Fl
L L + | Object MKParsst |
L L 1 L ] L L —
I_ Exizting MK Pair Sets
= -
Min Mach I o Fmin E—
Max Mach I 08 Vmax % 4 b
:&o
Mumber I? Fmax
\min . Mews MK Pair Set Name
W | [ £
Number p—
-
3 | Mach Frequency Pairs.. I
Apphy Cancel |
Input:l 0.
Mach | Reduced Freq.
1 I 0. 0.19642873
2 0. | 072368485 N
2
4

Delete | Sort

oK | Cancel

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



[

Action:  Create B

Object MK Pair Set |

Exizting MK Pair Sets
MK -

MK Pair Set Name

m

Mach Frequency Pairs... |

Apphy | Cancel |

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

ShowlLifting Surface/Aspect Ratio

This form computes and shows the individual Box Aspect Ratio (mean span/mean chord) for all
Lifting Surfaces in the current group. It can also be used to display only those elements that fail
the plot criteria. This is useful to assess the model quality using the recommended modeling
practices of MSC.Nastran. By default, the aerodynamic boxes are fringed according to their
aspect ratio values. Users may, optionally, check failure criteria where any element values
greater than a specified value (default=3.0) are color coded according to a user-selected color
(default is red).

[____Flat Flate Aero Modeling -]
Action: Show = -1
. - —___The INFO button displays the Flat Plate
e e 5 Model Show HTML help page

linfia: | Aspect Ratio =) (fids_model_show.html)

Max. Aspect Ratio (span/chord)
[z.0 — |

Element Plot Options ——#—_ Maximum Aspect Ratio the user wishes to
| see. It is this number that is used to
determine the failure criteria.

|D Plot Failed Elemeant Only .

I Fringe Attributes...

| hﬁ“mﬁ If this toggle is selected, then only those
elements that fail the Maximum Aspect Ratio
criteria are plotted.

I Reset Graphics

I Apply I | Cancel I “H.H

\\Note: The same form as for the Finite
Element: Verify/Quad/Aspect form in
MSC.Patran. It controls the way colors are
assigned to segments of the range of aspect
ratios.



group - Entity

4- Check the boxes per wavelength

Aero Modeling / Flat Plate Aero Modeling
Show/Lifting Surface/Boxes/Wave

A% n +|0a

o

Action Show ¥ |

Object; Lifting Surface ¥
Info: Aspect Ratio 7

Max. Aspect Ratio (span/chord)
[3.0

Element Plot Options
[~ Plot Failed Element Only

Fringe Aftributes...

Reset Graphics

Apply Cancel

In unsteady aerodynamics, the number of aerodynamic model degrees of freedom in one
wavelength (distance the flow travels during one unsteady cycle) is a critical parameter in

determining chordwise mesh refinement.

The wavelength is a function of the freestream velocity, v, and the frequency of the unsteady,

harmonic oscillatin,

wavelength = V/f, £ in Hert:z

So the number of boxes in a wavelength can be computed for each box as the wavelength divided

by the mean chordlength.

Boxes/wave X

v

(N{local — chord)

To ensure converge, you must look at the minimum number of boxes/wavelength given the
intend frequency and velocity range of the analysis. This corresponds to the maximum k value
or, dimensionally, to the combination of the minimum velocity and highest frequency of interest.
In modeling terms, one typically would choose the lowest velocity of interest and the highest
natural frequency in the retained set of normal modes. (Note that the extremely low velocities

demand very high numbers of elements.)

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




subdivided into "boxes" (see Figure 3-1), which are similarly configured trapezoids. The
following are guidelines that are not enforced by the program; the user is expected to ensure
adherence to these rules.

If a surface lies in (or nearly in) the wake of another surface, then its spanwise divisions should
lie along the divisions of the upstream surface. The strips near the intersection of intersecting
surfaces should have comparable widths. The aspect ratio of the boxes should approximate
unity; less than three is acceptable in the subsonic case, and of order one is desirable in the
supersonic case. The chord length of the boxes should be less than 0.08 times the velocity
divided by the greatest frequency (in Hz) of interest, i.e., Ax <0.087/f (Note that this is a
requirement for approximately 12 boxes per minimum wavelength; however, no less than four
boxes per chord should be used.) Boxes should be concentrated near wing edges and hinge lines
or any other place where downwash is discontinuous and pressures have large gradients. [Note
that concentrating boxes near hinge lines is a requirement of Potential Theory (which neglects
viscous effects); not increasing the concentration of boxes near hinge lines lowers the calculated
control surface effectiveness and leads to closer agreement with experimental data (with the
added benefit of reduced computational time).] The chord lengths of adjacent boxes in the
streamwise direction should change gradually. A further discussion of the choice of models is
found in Rodden, Harder, and Bellinger (1979).

Action Show ™ I 1]
Object Lifting Surface ¥ |
Info: Boxes/Wave ¥ |

— B gth Criterion
Minimum Boxes/\Wavelength

[15.0

* Dimensional (v and f}

" Mondimensional (c and k)

Boxes/ave = vif*chord
Minimum Velocity
|30

o, mE|A% u[1 + [0 8]

Maximum Cyclic Freguency
[ 250

Element Plot Options
’]_ Plot Failed Boxes Onby

Fringe Attributes. .. |

Reset Graphics |

Apply I Cancel |

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 41)



5- Select Aeroelasticity / Analysis

— Flight Loads _Dynamics
{~ Aero Modeling MSE

{~ Aerodynamics
{* Aeroelasticity
" Results Browser
" Import/Export
~ Options

— Current SuperGroup
| AERDSG2D

| Fiat Plate / Elemental

—Aeroelasticty ——————————————
Aero-Structure Coupling... |

Struc. Moniter Points... |

Aeroelastic Model... |

m

4 L
Structural Load Cases

Subcase Create... |

Analysis... I
e Solution type / Flutter
e Subcase create /SC_M 0 6
o Select Default load case
-
Solution Sequence: 145 '_ &
- = [::\M fars
st [ ] ' EEFTEEERIEEI
Available Subcases E Bix]|
b "~ || Aeroelastic Mogel = [
E Aero: AEROSG2D
< : - + Structure: Entire Model
Solution Type
Subcase Name ’; P
|sc_M_0_8 g M
Subcase Description i Target Databases. ..
- . New No
- . Reuse: No
~
[
o

~

SC1 AEROSG2D D

SC1:DEFAULT Subcase Select... |

Untitled.SC1 74

£l +

Existing Jobs... |
—Subcase Options Job Name
Subcase Parameter... | TAl Flutter

Mach-Freguency Pairs... DL I

MSC.Mastran Aeroelastic job -~

Flutter Parameters... created on 15-Nov-14 at 09:44:51

Output Requests... Job Parameters... |

Direct Text Input...

Run Cancel |

Select Superelements...

—
»

=

Aeroelastic Analysis I

Real Eigenvalue...




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

Insight Control  Help  Utilities
. Solution Sequence: 145 . =
EPPOEARX @& @BwtER| CEPTEEEINIEE -]
-~ Action: Create |
Fields  Analysis  Results Insight XV Plot | Flightlo.
o x
Available Subcases & EE
E Aeroelastic Model 2 [N
- = SCMO0S_FlutterParam .
REAL EIGENVALUE EXTRACTION — — EEEERY
+ Structure: Entire Model
Extraction Method: Lanczos ™ = Solution Type
Frequency Range of Interest Subcase Name — Flutter ¥ |
Lower = | | SCMOs &
=
Upper = | Subcase Description i Target Databases.
n . New: No
Reuse: No
Estimated Mumker of Roots = - | =
| 100 ‘ [
Structural Load Cases - | Subcase Create... I
Number of Desired Roots = [y
El SC1 AEROSG2D il (F5 Subcase Select .. |
SC1 StructureDEFAULT
Diagnostic Output Level: SC1:DEFAULT X
4 Existing Jobs |
Resuits Mormalization
Mormalization Method Job Name
e ca=clion=] Sbense Paramot | [TAL_Fluttertos
Mormnalization Point = Lhease rarameler. o —
ob Description —
Mormalization Componert: S AT | MSC.Nastran Aeroelastic job -
created on 15-Nov-14 at 09:44:51
Flutier Parameters.. | .
Cancel | Output Requests... | Job Parameters... |
Direct Text Input... |
Rn | cancel |
Select Superelements... | | -
Real Eigenvalue... | Agroelastic Analysis |

e Subcase Parameters /Modal Damping / None (if one wants to add structural damping
one can adjust it in this menu)

Solution Sequence: 145

Action: Create ¥ |

|
EETNTEEE

L

Subcase Name

Available Subcases

Modal Damping

DEFINE MODAL DARMPIRG

Struct. Damp. (G)
L Crit. Damp. (CRIT)
Dynamic Amplif. (Q)

|sc_m_o_6

Subcase Description

4

Structural Load Cases

SC1 AEROSGZD
SC1.DEFAULT
Untitled SC1

<

’, Subcase Options

Subcase Parameter...

Target Databases.

New: No

Reuse: No

Subcase Create..

Subcase Select.

Existing Jobs...

Job Name

I TAI Flutter



Click on Mach-Frequency

pair that was created.

Insight Control

Help  Utilities

j Solution Sequence: 145

Action: Create ™ |

Mach-Freguency Pair Sets

[ . |

Available Subcazes

Subcase Name

|sc_m_n_s

Subcase Description

4

Structural Load Cases

Subcase Parameter...

Mach-Freguency Pairs...

Flutter Parameters...

SC1 AEROSG2D
NANME = MK1 =l SC1:DEFAULT
Reference Chord = 0.25 L4 Untitled.SC1
Reference Span = 1. 4
Mach Reduced Frequency
0.000 0.105
0.000 0720 — Subcase Options
0.000 1.334
0.000 1.949
0.000 2.554
0.000 3.179
0.000 3.793
0.000 4.408
0.000 5.023

Output Reguests...

Direct Text Input...

Cancel |

Select Superelements...

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

Select PK method

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

Symmetric ‘l
Asymmetric ¥

Subcase Name

N [ sc_n_o_6

‘Subcase Description

4

Structural Load Cases

SC1 AEROSG2D

Density Ratio Sets...

SCT.DEFAULT
Untitled. SC1
<4

Velocity Sets..

Convergence Tolerance:

Subcase Options

Subcase Parameter.

| Default

Number of Output Values:

Mach-Freguency Pairs...

| Default

Flutter Parameters...

OK |

Output Reguests...

Cancel

Direct Text Input..

We will perform flutter analysis at 3000 m altitude.

A 5|1

Tz~ HME|

Flutter ¥ I

Target Databases...

New: Mo

Reuse: Mo

Subcase Create I

Subcase Select I

Existing Jobs... |

Job Name
| TAL Flutter

Job Description

MSC.Mastran Aeroelastic job -
created on 15-Nov-14 at 08:44:51

Job Parameters.. |

Cancel I

m



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)

% | Density Ratio Se = e |

Subcase Name

Density Ratio Sets

4 }

Symmetric ‘l
Asymmetric ‘l

Density Ratio Set Name

Apply |

Cancel |

Action:  Create 'l

Real Eigenvalue...

| D3000
Ref. Density = 1.226 (SL kg/m"3)
input: | 0.741]
Density Ratio Sets...
Density Ratio | i Iptions.
- I D Velocity Sets.. | Subcase Parameter. . |
2 Convergence Tolerance: Mach-Frequency Pairs... |
| Default
3
Flutter Parameters..
s Number of Output Values: kit |
i
- . | Defautt Output Requests... |
e — Direct Text Input .. |
OK | Cancel | Select Superelements. .. |

Subcase Name

Density Ratio Sets.

|sc_m_o_6

4 XZ Symmetry:

Symmetric ‘l
Asymmetric v|

Density Ratio Set Name
[ Danoo

XY Symmetry:

Ref. Density = 1.226 (SL ko/m"3)

Input: |

Density Ratio Sets...

Density Ratio

Velocity Sets... |

0.7416

| fptionz

Subcase Parameter...

Convergence Tolerance:

Mach-Frequency Pairs...

| Default

Number of Output Values:

Flutter Parameters...

| Default

Output Requests...

Direct Text Input...

Cancel |

Select Superelements...

Cancel |

Real Eigenvalue...




Press Apply and create the density ratio set.

Action:  Create vl

Density Ratio Sets

D3000

q

Density Ratio Set Name

Ref. Density = 1.226 (SL kg/m"3)

Symmetric 'l
Asymmetric 'l

XY Symmetry:

4

Subcase Name

PIC Y

Input: | |

Density Ratio

E RN e

Add Row... |

Delete...

o

Density Ratio Sets...

Velocity Sets.

| tptions

| Subcase Parameter...

Convergence Tolerance:

Mach-Freguency Pairs..

| Default

Number of Output Values:

Flutter Parameters. ..

| Default

Output Regquests...

OK

Apply

Cancel |

Direct Text Input...

Cancel

Select Superelements...

=
]'|-| Real Eigenvalue.

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

calculated)

Give a set name: Vell
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)

Symmetric ¥
Asymmetric ™

4 »

Subcase Name

'fase Description

Density Ratio Sets...

Velocity Sets.

onvergence Tolerance:

| Ftural Load Cases
I z
AEROSGZD
\|:DEFAULT D
ftied.5C1 <
3
ilcase Options

Subcase Parameter.

Default

mber of Output Values:

Mach-Frequency Pairs.

Default

Flutter Parameters...

Velocity Sets
-
] +
Velocity Set Name
[ et
Input: |
Velocity Vector | -
1 30.0000 YES I:l
2 NO
3 NO
4 NO
- u
4 +
Add Row... Delete.

Apply

Cancel

Cancel

oK I

| Direct Text Input..

Select Superelements ...

|
|
|
Output Requests... |
|
|
I

Real Eigenvalue...




e Enter velocities up to 230 m/s (Vmax was 225 m/s)
e Add one last row but do not enter any velocity in that last row.

W Velocity Se -
e h 'y T8 0 Y

Action:  Create |

s

== XJE

#Hd B HAR

]
ERL LT

Solution Sequence: 145

4 | Action: Create ™ |

Apphy |

Cancel

oK |

Cancel

Mach-Frequency Pairs...

Flutter Parameters. ..

Output Requests...

Direct Text Input...

e Press Apply and then Cancel

Action:  Create vl

Welocity Sets
Wsetl -
4 3
Welocity Set Name
Input: |
Velocity Vector o~
17 NO
18 NO
19 NO
20 NO l—l
4 2
Add Row. | Delete. |

Apply

Cancel |

.. Fields  Analysis Results Insight XY Plot | Fligl|
l | :
Awailable Subcases
Welocity Sets 7
-
# | Flutter Para =
] 3
XZ Symmetry: S etri -
Welocity Set Name OISR e Name
| vsett XY Symmetry: Asymmetric ¥ |
Description
input: | Method o 7l
Velocity | Vector Mach: o
al Load Cases

17 2Lty UE Density Ratio Sets... | =

18 220.0000 YES ROSGZD E

19 230.0000 [ VES E oy Setem | Fs’tliu al

20 NO | Convergence Tolerance:

| Defaut
4 3
MNumber of Output Values: & Options.
Add Row... | Delete... I Defaul Subcase Parameter...



e Highlight the Velocity set just created as shown below.
e Press Apply

Action:  Select ¥

Velocity Sets
1 »
100.0000 YES -
110.0000 YES
120.0000 YES
130.0000 YES
140.0000 YES
150.0000 YES
160.0000 YES
180.0000 YES
150.0000 YES
200.0000 YES
210.0000 YES
220.0000 YES
230.0000 YES
=
1 »

e Press OK in the Flutter parameters menu

Symmetric ™
X0 Symmetry. Asymmetric ‘|

Method PR ™
Mach: o
Densty Ratio Sets... |

[ Velnciy Sefs. 1
Convergence Tolerance:
| Default
Number of Output Values:
| Default

oK | Cancel



Press Apply in the Subcase Create menu and create the subcase : SCMO06 (Subcase
name given above is modified to SCMO06. Original name was SC M 0 6!

Solution Sequence: 145

Action: Create ™ |

Available Subcases
SCHO8 -

Subcase Name
SCMOs

Subcasze Description

4 2
Structural Load Cases

-
5C1 AEROSGZD D
SC1:DEFAULT

Untitled. SC1 Sk
4 I3

- Subcase Options

Subcase Parameter.

Mach-Frequency Pairs...

Flutter Parameters..

Output Requests...

Direct Text Input...

Select Superelements

Real Eigenvalue...

Complex Eigervalue...

Select the subcase in the Subcase Select menu

In

Solution Type
Flutter ¥ |
Subcases For Solution Sequence: 145
Target Databazes...
New: No
Reuse: No
I Subcase Create.. I
4 [
Subcase Select... I
 SelectAll  Unselect All Existing Jobs... I
Subcases Selected: Job Name
SCMo6 - [TAL Futter
Job Description
MSC.Mastran Aeroelastic job -
created on 15-Nov-14 at 09:44:51
1 4 Job Parameters... I
Run Cancel I
cancel_|




6. Press RUN

sult_viewport - default_group - Entity [fel-E] = || &
Solution Type
G Flutter ¥
I Sol +
terSolver
HumMachinesCmd - Target Databases...
ComnandInputs T
WaitFlag a = [l b= [
jJJoh submitted to local host with: Reuse: No
IC:\M5C.SoftvareMSC_Nastran 28122 bin“nast26122.exe TAI_Flutterl.bdf bat=no ®”
== USER WARNING MESSAGE (pgm: nastran, fn: decode_keyword> T
atch=no {command linel21> < Subcase Creats...
This keyword is not availahle on this platform. Sibcase Seedt
MSC.Nastran U2012.2 (Intel Windows 7 Professional 6.1 V6@1> Sat Nou 15 16:04:24
2814
oex SYSTEM INFORMATIONM MESSAGE <pg nastran, fn: estimate_joh_requirements> * Existing Jobs.
Starting ESTIMATE, please wait 5
=== USER INFORMATION MESSAGE {pgm: nastran, fn: estimate_jobh_requirements> il Job Name
Estimated DOF=1148 [FALFittert
Estimated memor 28 .GMB =
Estimated dis ME
MSC.Nastran heginning joh tai_flutterl. Job Description
MSC.Mastran started Sat Nov 15 16:04 WSC Nastran Asrosiastic job
created on 15-Nov-14 at 094451
Job Parameters...
Run Cancel

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.

FLUTTER SUMMARY

CONFIGURATION = RER0O5GZ XY-5YMMETRY = ASYMMETRIC XZI-5YMMETRY = 3YMMETRIC

POINT = 1 MACH NUMBER = 0.0000 DENSITY RATIO = 7.4160E-01 METHOD = PK

KFREQ 1./KFREQ VELOCITY DAMPING FREQUENCY COMPLEX EIGENVALUE
1.3002 T7.6908737E-01 3.0000000E+01 -1.3224266E-02 4.9665600E+01 -2.0633700E+00 3.1205817E+02
0.9684 1.03266594E+00 4.0000000E+01 -1.8597437E-02 4.9318375E+01 -2.8814542E+00 3.0987650E+02
0.7674 1.30313594E+00 5.0000000E+01 -2.5595277T7E-02 4.885277T6E+01 -3.59831161E+00 3.0695105E+02
0.5330 1.8760239E+00 T7.0000000E+01 -4.6793304E-02 4.7508331E+01 -6.9839864E+00 2.9850366E+02
0.4577 2.1850286E+00 &.0000000E+01 -5.9611827E-02 4.6616856E+01 -8.7302217E+00 2.9250234E+02
0.3978 2.5149131E+00 9.0000000E+01 -7.4072301E-02 4.5564812E+01 -1.0603160E+01 2.8629218E+02
0.3482 2.8715539E+00 1.0000000E+02 -9.0566099E-02 4.4339741E+01 -1.26815623E+01 2.7859482E+02
0.3064 3.2631934E+00 1.1000000E+02 -1.0859450E-01 4.2920029E+01 -1.4777421E+01 2.6967450E+02
0.2702 3.7013552E+00 1.2000000E+02 -1.3190363E-01 4.1279133E+01 -1.7105556E+01 2.5936444E+02
0.2379 4.2030516E+00 1.3000000E+02 -1.5857065E-01 3.9381184E+01 -1.9618303E+01 2.4743927E+02
0.2086 4.7948136E+00 1.4000000E+02 -1.9119658E-01 3.7176323E+01 -2.2330395E+01 2.3358072E+02
0.1s12 5.5202827E+00 1.5000000E+02 -2.3248114E-01 3.45597126E+01 -2.5268393E+01 2.1738016E+02
0.1548 6.4597626E+00 1.6000000E+02 -2.8709793E-01 3.1536505E+01 -2.5444185E+01 1.9814970E+02
0.1009 9.9155073E+00 1.8000000E+02 -4.8571501E-01 2.3113602E+01 -3.5559933E+01 1.4522T05E+02
0.0&885 1.45592861E+01 1.9000000E+02 -7.588688T7E-0L 1.657T660E+0L -3.952208TE+0L 1.0416051E+02
0.0000 9.99599996E+24 2.0000000E+02 -5.2341085E-02 0.0000000E+00 -2.59023756E+01 0.0000000E+00
0.0000 9.99599996E+24 2.1000000E+02 1.0808084E-01 0.0000000E+00 6.2928726E+01 0.0000000E+00
0.0000 9.9999936E+24 2.2000000E+02 1.7442721E-01 0.0000000E+00 1.06839417E+02 0.0000000E+00
0.0000 9.9999996E+24 2.3000000E+02 2.20136818E-01 0.0000000E+00 1.4037837E+02 0.0000000E+00



. Plot damping versus velocity and frequency versus velocity curves.

0,15 - o mm oo oo
=—¢— Mode 1-Bending

== Mode 2-Torsion
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Damping versus velocity plot for modes 1 and 2
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Frequency versus velocity plot for modes 1 and 2 (zero frequency speed is divergence
speed)




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).

KFREQ 1./KFREQ VELOCITY DEMPING FREQUENCY
2.2511 4,4422731E-01 3.0000000E+01 -1.8823344E-02 8.5985672E+01
1.6813 5.9477758E-01 4.0000000E+01 -2.0808043E-02 8.5627937E+01
1.3334 T7.4848428E-01 5.0000000E+01 -2.1800428E-02 8.5282410E+01
1.1118 8.9947480E-01 6.0000000E+01 -2.3540087E-02 8.4332190E+01
0.9484 1.0542343E+00 7.0000000E+01 -2.5771121E-02 8.4541710E+01
0.8255 1.2113566E+00 g.0000000E+01 -2.8262790E-02 &.4086845E+01
0.7251 1.3714852E+00 9.0000000E+01 -3.0756304E-02 8.3552887E+01
0.6513 1.5353127E+00 1.0000000E+02 -3.3031750E-02 8.2930313E+01
0.5870 1.7035435E+00 1.1000000E+02 -3.483533%E-02 8.2214714E+01
0.5328 1.8769648E+00 1.2000000E+02 -3.55824545E-02 8.1402023E+01
0.4863 2.0584804E+00 1.3000000E+02 -3.68071047E-02 8.0487579E+01
0.4458 2.2431467E+00 1.4000000E+02 -3.5040908E-02 7.9465843E+01
0.4101 2.43815986E+00 1.5000000E+02 -3.2536008E-02 T.8330730E+01
0.3783 2.68431203E+00 1.6000000E+02 -2.8443804E-02 T.TOT4928E+01
0.34597 2.8597136E+00 1.7000000E+02 -2.2342211E-02 T.5689644E+01
0.3234 3.0902452E+00 1.8000000E+02 -1.4007200E-02 7.41634068E+01
0.29394 3.3376420E+00 1.3000000E+02 -3.1827020E-03 T.2480965E+01
0.2773 3.8057520E+00 2.0000000E+02 1.0364941E-02 T.0822688E+01
0.25564 3.8997953E+00 2.1000000E+02 2.6832968E-02 6.8562653E+01
0.2364 4.2268763E+00 2.2000000E+02 4.6395041E-02 6.6269432E+01
0.2175 4.5969763E+00 2.3000000E+02 6.9303758E-02 6.3703854E+01

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

e Access results : Results Browser / Access Results Data

Flight Loads Dynamics

" Aero Modeling M%
" Aerodynamics

" Aeroelasticity
¥ Results Browser
" Import/Export

" Options

Current SuperGroup
| AERDSG2D

| Fiat Piate / Elemental

Results Browser

Access Results Data... |

Result Selector

General ¥

Loads Browser... |

Export... |

Results Viewer.. |




e Attach the .xdb file

Look in: | |} TALFLUTTER = B e B _‘g|

Marme Date modified

| fluttermodel_modalaxdb 14/11/2014 10:06
| tai_flutterl new.sdb 15/11/2014 16:46
| tai_flutterm(8.xdb 15/11/2014 17:46

Type: XDE File
Size: 7.26 MB

Action:  Attach XDB '| =
Object: Results Data hd

Select File... |

Selected File:

] Date modified: 15/11/2014 17:46

File: name: oK I

Files of type:  [Files {*xdb}

D:\Nastran Files\TAl FLUTTERMai flutt
<« b

Translation Parameters...

Qos|mm A% 0+ |08

Apply Cancel

e C(Click “Results Viewer”

— Flight Leads Dynamics ———————————
~ Aero Modeling HSE

{~ Agrodynamics
" Aeroelasticity
(% Results Browser
" importExport
= Options

—Current SuperGroup
| AEROSG2D

| Fiat Piate / Elemental

— Results Browser
Access Results Data. ..

Result Selector:

General ¥ |

Loads Browser... |

Export... |

Results Viewer .. I

e C(Click “Results Viewer”

Flutter frequency is read from the .f06 file. For mode 2 (torsional mode) flutter frequency is
about 72.48 Hz.

KFREQ 1./KFREQ VELOCITY DEMPING FREQUENCY
0.3238 3.0902452E+00 1.8000000E+02 -1.4007200E-02 7.4163406E+01
0.2994 3.3376420E+00 1.3000000E+02 -3.1827020E-03 7.2480965E+01

0.2773 3.68057520E+00 2.0000000E+02 1.0364541E-02 T.0622688E+01



e C(Click “Results Viewer”
e 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)

Action:  Create ¥ |

Object: CQuickPlot

= of

Select Result Cases

A2'Mode 222 : Freq. = T43.55-MSC N2 »
AZ:Mode 223 : Freg. = 325.24,-MSC.N2
AZ:Mode 224 : Freg. = 2583.4,-M3C.NL
A2:Mode 225 : Freq. = 0.-MSC NASTR

AZMode 227 : Freg. = 82.384,-M3C.NL__
A2:Mode 228 : Freq. = 126.27-MsC.NeL_|
A2:Mode 229 : Freq. = 158.99,-MSC N£

A2Mode 230 : Freq, = 234.3-MSC.NA?

< [T F

Select Fringe Result

Constraint Forces, Rotational P
Censtraint Forces, Translational
Eigenvectors, Rotational

Eigenvectors, Translational

4 F

e 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.

|b - default_viewport - default_group - Entity EI

Action:  Create ¥
Object:  QuickPlot ™

2 §Esg

Select Result Cases.

RULT, A2 Mode 216 Freq 26299 M =
LULT, A2 Mode 219 ; Freq, = 449.62-M
LULT, A2 Mode 220 Freq, = S31.67-M
huLT, 54358 M
AULT, A2 Mode 222 Freq, = T42.55M
LULT, A2 Mode 223 : Freq, = 925.84-M
MULT, AZMode 224 - Freq. = 2583.4.-M |
AULT. A2'Hlods 225 - Freq -0 MSCN
AULT, AZMode 226 : Freg, = 72.431-hij8
< e v

EERNTIEEE -G
&
8
Fi

Select Fringe Result

Constraint Forces, Rotational -
Constraint Forces, Translational
Eigenvectors, Rotational

Eigenvectors, Transiational

Quantity: MWagntude ™

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



