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« Workshop Objectives
— Find the matched point and the flutter boundary given the flight envelope
— Verify and animate the splines using normal modes
— Animate the flutter modes

 Software Version
— FlightLoads 2014

* Files Required
— modes.dat
— structure.bdf: Bulk data deck with structural model
— aero.bdf: Bulk data deck with aerodynamic model
— modes.dat: MSC Nastran input deck to run a normal modes analysis

— flutter_setup_import.bdf: Deck to import aero & structural mesh to proceed
further with Flutter Setup
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* Problem Description (Swept Wing)
— Using the above files setup the flutter run, while following the guidelines for
aeromesh, and find the matched flutter point.
— The structural model of the wing is a beam model, consisting of the front
and rear spar and some ribs.
— The objective of this workshop is to find matched points and the flutter
boundary.

Symmetry Boundary

Conditions at Wing
(4500, 10000, 0)—_/7%(6500, 10000, 0) Root

/ /
/
(-500,0,0)  / (3500, 0, 0) Units: N, mm, t s

/
/ Reference Chord:
Q\M 4000mm
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e Suggested Steps

1.
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Read in the structure model and aero model provided using
flutter_setup_import.bdf

Verify the box/wave length by fringe plot

Run Modes.dat.

Import the results for Modes run.

Verify the Splines.

Create unsteady aerodynamics

Select the mach number, velocity and densities.
Run the analysis

. Observe the flutter point and find matched point
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Tasks

« Compute the first 5 symmetric normal modes of the wing.

Import the structure into Flightloads.

Verify the box/wave length by Fringe plot.

Verify the spline.

Run several flutter analyses to find the flutter boundary.
— Hint: Begin with M = 0.5.
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Atmosphere

« Atmosphere for the purpose of finding matched point is shown
below

* Needed to fill in Density Ratios for PK method: SL to 5000m
— FLFACT, 100, 1., 0.908, 0.821, 0.735, 0.669, 0.601

Altitude p C o/ po V(p/po)

0 1.225 340.290 1.000 1.107
1000 1.112 336.430 0.908 1.055
2000 1.006 332.525 0.821 1.003
3000 0.901 328.574 0.735 0.949
4000 0.819 324.575 0.669 0.905
5000 0.736  320.526 0.601 0.858
7500 0.557 310.172 0.455 0.746

10000 0.413 299.460 0.337 0.643

m kg/m? m/s
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atmosphere

		Altitude		r		c		r/r0		√(r/r0)

		0		1.225		340.290		1.000		1.107

		1000		1.112		336.430		0.908		1.055

		2000		1.006		332.525		0.821		1.003

		3000		0.901		328.574		0.735		0.949

		4000		0.819		324.575		0.669		0.905

		5000		0.736		320.526		0.601		0.858

		7500		0.557		310.172		0.455		0.746

		10000		0.413		299.460		0.337		0.643

		m		kg/m3		m/s





Swept_Wing

								M=0.5						M=0.48						M=0.46						M=0.52						M=0.54						M=0.58

		Alt.		rho/rho0		c		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS

		0		1.000		340.290		158.5		0.4657791883		158.5		157.9		0.4640159864		157.9		157.1		0.4616650504		157.1		159.2		0.4678362573		159.2		160		0.4701871933		160

		1000		0.908		336.430		161.5		0.4800404245		153.8710353192		160.3		0.4764735606		152.7277211249		159.8		0.4749873674		152.2513402106		162		0.4815266177		154.3474162335		162.8		0.4839045269		155.1096256964

		2000		0.821		332.525		164		0.4931960003		148.6191571688		163		0.4901887076		147.7129427958		162.1		0.4874821442		146.8973498601		164.8		0.4956018344		149.3441286671		165.8		0.4986091271		150.2503430401		167.5		0.5037215247		151.7909074742

		3000		0.735		328.574		166.4		0.5064308192		142.6998678946		165.5		0.5036917102		141.9280537053		164.4		0.5003439104		140.9847252517		167.5		0.5097786191		143.6431963483		168.3		0.5122133827		144.3292534054		170.5		0.5189089825		146.2159103127

		4000		0.669		324.575		167.9		0.5172918432		137.2854787868		166.6		0.5132866056		136.2225179623		165.6		0.5102056535		135.4048557897		169		0.5206808904		138.1849071767		170.2		0.5243780328		139.1661017839		172.7		0.5320804128		141.2102572155

		5000		0.601		320.526		168.6		0.5260103705		130.685809732		167.3		0.5219545372		129.6781492774		165.9		0.5175867168		128.5929764801		170		0.5303781908		131.7709825293		171.5		0.5350579984		132.9336676693		174.2		0.543481652		135.0265009212

		7500		0.455		310.172																										170.2		0.5487278026		114.7675495628		174.2		0.5616238732		117.4647892705

		10000		0.337		299.460																										170		0.567688506		98.7088069598		173.8		0.5803780138		100.9152391154
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Flight Envelope

« See if flutter point exists within the Flight envelope below
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atmosphere

		Altitude		rho		c		rho/rho0		sqrt(rho/rho0)		K

		m		kg/m^3		m/s

		0		1.225		340.290		1.000		1.107		340.290

		1000		1.112		336.430		0.908		1.055		320.538		1.000

		2000		1.006		332.525		0.821		1.003		301.339		1.102

		3000		0.901		328.574		0.735		0.949		281.776		1.218

		4000		0.819		324.575		0.669		0.905		265.393		1.360

		5000		0.736		320.526		0.601		0.858		248.447		1.496

		7500		0.557		310.172		0.455		0.746		209.152		1.664

		10000		0.413		299.460		0.337		0.643		173.878		2.199

				0		1000		2000				3000		4000		5000		7500		10000

		M		VE		VE		VE				VE		VE		VE		VE		VE

		0		0		0		0				0		0		0		0		0

		1		340.29		320.5376619965		301.3389343752				281.7756393847		265.3926996856		248.4472114481		209.1520586545		173.8784666599





Swept_Wing

								M=0.5						M=0.48						M=0.46						M=0.52						M=0.54						M=0.58

		Alt.		rho/rho0		c		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS

		0		1.000		340.290		158.5		0.4657791883		158.5		157.9		0.4640159864		157.9		157.1		0.4616650504		157.1		159.2		0.4678362573		159.2		160		0.4701871933		160

		1000		0.908		336.430		161.5		0.4800404245		153.8710353192		160.3		0.4764735606		152.7277211249		159.8		0.4749873674		152.2513402106		162		0.4815266177		154.3474162335		162.8		0.4839045269		155.1096256964

		2000		0.821		332.525		164		0.4931960003		148.6191571688		163		0.4901887076		147.7129427958		162.1		0.4874821442		146.8973498601		164.8		0.4956018344		149.3441286671		165.8		0.4986091271		150.2503430401		167.5		0.5037215247		151.7909074742

		3000		0.735		328.574		166.4		0.5064308192		142.6998678946		165.5		0.5036917102		141.9280537053		164.4		0.5003439104		140.9847252517		167.5		0.5097786191		143.6431963483		168.3		0.5122133827		144.3292534054		170.5		0.5189089825		146.2159103127

		4000		0.669		324.575		167.9		0.5172918432		137.2854787868		166.6		0.5132866056		136.2225179623		165.6		0.5102056535		135.4048557897		169		0.5206808904		138.1849071767		170.2		0.5243780328		139.1661017839		172.7		0.5320804128		141.2102572155

		5000		0.601		320.526		168.6		0.5260103705		130.685809732		167.3		0.5219545372		129.6781492774		165.9		0.5175867168		128.5929764801		170		0.5303781908		131.7709825293		171.5		0.5350579984		132.9336676693		174.2		0.543481652		135.0265009212

		7500		0.455		310.172																										170.2		0.5487278026		114.7675495628		174.2		0.5616238732		117.4647892705

		10000		0.337		299.460																										170		0.567688506		98.7088069598		173.8		0.5803780138		100.9152391154

		Matched

		M		EAS

		0.4616650504		157.1

		0.4764735606		152.7277211249

		0.5064308192		142.6998678946

		0.5206808904		138.1849071767

		0.5350579984		132.9336676693

		0.5803780138		100.9152391154
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														0.5260103705



SL

1000

3000

2000

5000

4000

M=0.5

M

EAS (m/s)

0

0

0

0

0

0

158.5

340.29

320.5376619965

301.3389343752

281.7756393847

265.3926996856

248.4472114481

153.8710353192

148.6191571688

142.6998678946

137.2854787868

130.685809732



Swept_Wing_Bound

		0		0		0		0		0		0		0.4616650504		0		0

		1		1		1		1		1		1		0.4764735606		1		1

														0.5064308192

														0.5206808904

														0.5350579984

														0.5803780138



SL

1000

3000

2000

5000

4000

75000

10000

Flutter Boundary

M

EAS (m/s)

0

0

0

0

0

0

157.1

0

0

340.29

320.5376619965

301.3389343752

281.7756393847

265.3926996856

248.4472114481

152.7277211249

209.1520586545

173.8784666599

142.6998678946

138.1849071767

132.9336676693

100.9152391154




Normal Modes Analysis

« Header file of modes.dat

SOL 103

CEND

$

SPC =1

METHOD = 10
DISP(PLOT) = ALL

$

BEGIN BULK

$

PARAM, POST, O

PARAM, GRDPNT, O

$

EIGRL, 10,,, 5

$

INCLUDE “structure.bdf”
$

SPC1, 1, 123456, 1, 7

$
ENDDATA

FLD120, Workshop 5, April 2017 _
Copyright© 2017 MSC Software WS5 -9 MSC
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Resonance Frequencies

 Normal modes analysis is needed for spline verification and to
obtain highest frequency of interest to calculate minimum number
of box/wavelength.

REAL EIGEHNUVALUES
HODE EXTRACTION EIGEHUALUE RADIAHS CYCLES GEHERALIZED GEMERALIZED
HO. ORDER MASS STIFFHESS
1 1 8.965433E+01 9.468597E+080 1.586974E+080 1.0000088E+0808 8.965433E+81
2 2 1.382369E+83 3.6088835E+81 5.7436480E+080 1.0000088E+0808 1.382369E+83
3 3 2.851788E+83 4. 529667E+81 §.209188E+80 1.0000088E+0808 2.851788E+83
4 4 3.463376E+03 5 .885046E+01 9.366341E+88 1.08000080E+08 3.463376E+03
5 5 8.258501E+83 9.883227E+01 1.445648E+81 1.0800088E+088 8.258501E+83

FLD120, Workshop 5, April 2017 )
Copyright© 2017 MSC Software W55 -10 MSC ASoftware
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Aerodynamic Mesh — Number of Boxes

 Requirement: 15 Boxes per Wavelength

 Minimum Velocity: V., = 50m/s

e Maximum Frequeny: f_ ., = 15Hz

e Minimum Wavelength =V /f . = 3.33m

« Maximum Chord Length: 4 m

« We need 15 +(4/3.33) = 18 boxes in chordwise direction.

FLD120, Workshop 5, April 2017
t© 2017 MSC Software
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Aerodynamic Mesh

* Verify Aero mesh by using Aero Modeling ... Flat Plate Aero
Modeling as shown. Fiat Plate Aero Modeing

Flat Plate Aero Modeling |

* Plot the boxes/wave after entering minimum || s ?

velocity and maximum frequency Object  [Ling Surfece 7]

BoxesiVavelenogth Criterion
Minitnuim BoxesivVavelength

15.0

@' Dimensional (v and 1
'D Mondimensional [c and k)

BoxeshVaye = wi*chord
Minitnum ‘elocity
50000

Maximum Cyclic Frequency
15

Element Plat Options
[JFiot Failed Boxes Only

[ Fringe Attributes . . ]

[ Reset Graphics ]

I Apply l [ Cancel ]

)

FLD120, Workshop 5, April 2017 )
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Verify Spline using Mode Shapes

» Attach xdb file from modes.dat run

« spline verification of 15t mode

Spline_Werity_Plot_struct :
Masx 4.06+000 @Nd 12

MSC




Verify Spline using Mode Shapes (Cont.)

* Spline verification of 3rd mode

Spline_Werify_Plot_struct :
Max 4.21+000 @Nd 9

FLD120, Workshop 5, April 2017 j{
Copyright© 2017 MSC Software MSC ASoftware




Velocities and Reduced Frequencies

* Itis recommended to run a first flutter analysis at M = 0.5.

 Minimum and maximum velocity from the flight envelope,
together with f;, and f__,, are used to get k., and K .-

* Values will be adjusted based on the results of the first analysis.

Altitude EAS TAS

m m/s m/s

0 170 170

5000 125 146
Pnin  _ 111 K Pnax®  _1 991

k . — —
" 2TAS, "2TAS

FLD120, Workshop 5, April 2017 WSS - 15 Msc ASoftware
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Set up the Analysis

* Import flutter_setup_import.bdf structure and aero model in two
steps
— First thru file menu in structure preference
» This will import the structural portion of the model.
e Then import the aero portion of the model via Flightloads import/export menu.
» the INCLUDE statement will also import aero.bdf and structure.bdf)

« Select the Splines (shown in earlier workshops)

FLD120, Workshop 5, April 2017 )
Copyright© 2017 MSC Software WS5 - 16 MSC A\Software
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Set Global Data

i File Group  Viewport  Viewing Display Preferences Tools Help  Utilities
Home Geometry Results Flightloads @

a H B &~ PP & A E R

Model Flat Plate | Control | Monitor || Global | 5teady | Unsteady || Stuctural | Monitor | Aeroelastic | Analysis || Access Loads Export | Results | Flex, Incr. |*||E|
Management | Modeling | Devices | Points Data Coupling | Points Model Results | Browser Viewer Filter
Aero Modeling erodynamics Aeroelasticity Results Browser Options
Global Data X
Global Data
Aero Model: Aero3G2D ? [ﬂ
() Full Model (¥} Half Model @
Aerodynamics

Reference Span (Full
any (o)
Reference Chord

4000.0 (d )

|:| Calculate Reference Area

Reference Area (Full Vehicle)

1.0 (:) |cale...

Rigid Body Coord Frame
[CDDrd 0 J

Denstties: |S| kg/mm3 ™

Reference Density Py

| 1.225¢-012 (f) |

oK ( §> Cancel

FLD120, Workshop 5, April 2017
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Setting Unsteady Aerodynamics

i File Group  Viewport Viewing Display Preferences Tools Help _LUtilities

* At Step d & e enter Home  Geometry  Results | Flightloads a

f " f # &) b, ;
a5 a8 % #
below table values. | > £ & < = = = - P | ) |8
. Model Flat Plate | Control | Monitor || Global | Steady | Unstead Stuctural | Monitor | Aeroelastic | Analysis || Access Loads Export | Results | Flex. Incr, |,||§.|
Management | Modeling | Devices [ Points Data Coupling | Points Maodel Results | Browser Viewer Filter

Aero Modeling Aerodynamics Aeroelasticity Results Browser Options

Reduced Freg
COmmr Omn

Set Name = mkpair_1
Reference Chord = 4000.
Reference Span = 4000.

5 05 Mach Set: Frequency Set: UI'I‘Et'Eﬂd'v anﬂ it
5 0.6 Unsteady Aerodynamics |
5 0.7

Input: | @ Input: @ Action:

5 1.0

Mach E Reduced Freq. E Existing MK Pair Sets
1 0.500000 = 1 0.200000 =
bed 0.500000 hed 0.500000
3 0.500000 3 0.600000
: fal| (I (s}

MK Pair Set Mame
o mkpair_1 @
Input:
= e ] Mach Freguency Pairs... @
4 05 0.700000 =
2 05 1.000000 4 [m m

[comes ]

FLD120, Workshop 5, April 2017 j
Copyright© 2017 MSC Software WS5 - 18 MSC A\Software
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Spline Selection

Aeroelastic Model
Flightloads

Aeroelastic Model
Flightloads

Aerodynamics Model

Flight Loads Dynamics
) Aero Modeling

O Aerodynamics
@ Aeroelasticity
) Resutts Browser
O Import/Export

) Options

( Select Aero Hodel...

Type: Flat Plate
Name: Aero3G2D

Structural Model

Select Structural Model...
Name: Entire Model

Current SuperGroup
| AeroSG2D

Aero-Structural Coupling

| Flat Plate / Elemental

Check Duplicate Splines

| Auto Select Splines

Aeroelasticity
Select Splines Agro-Structure Coupling...

TPS — SPLINE4_7 e
Struc. Maonitor Points...

Aeroelastic Model...

IModel Parameters...

Global Data...

0K (Ej) [ cancel

FLD120, Workshop 5, April 2017
Copyright© 2017 MSC Software
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Setup Analysis

Home Geometry Results Flightloads a
X X | - - s B :
- P - | =¥ [
A { < a | N | P x| |&|; 4 || g |&
Model Flat Plate | Control | Monitor || Global | Steady | Unsteady || Stuctural | Monitor | Aeroelastic | Analysis]|| Access | Loads | Export | Results | Flex Incr. |;||E.|
Management | Modeling | Devices | Points Data Coupling | Points Model Results | Browser Viewer Filter
Aero Modeling Aerodynamics Aeroelasticity Results Browser Options

FLD120, Workshop 5, April 2017
Copyright© 2017 MSC Software
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Mach-Frequency Pair Sets

[N Subcase Create

Solution Seguence: 145

Action Create ¥

NAME = mkpair_1
Reference Chord = 4000.
Reference Span = 4000.

Mach Reduced Freguency
0.500 0.200
0.500 0.500
0.500 0.500
0.500 0.700
0.500 1.000

(9

Available Subcases
_SEARCH_REGION_M_=_0.5.5C1

Subcase Name N\

mach_0.5 (\/d)

Subcase Description

Structural Load Cases

Default

Subcase Options

Subcase Parameter...

[ Mach-Freguency Pairs... (3

[ Flutter Parameters. .

[ Output Requess.. ]

[ Direct Text Input... |

Apply

Aeroelastic Analysis

Aeroelastic Model ?

AeroSG2D
Entire Model

Agero:
Structure:

Solution Type,
s ©),
[ Target Databases...

New: No

Reuse: No

l Subcase Create.. Ch

[ Subcase Select...

| Existing Jobs... |
Job Name
| flutter_wkS |

Job Description

WMSC.Mastran Aercelastic job
created on 23-Apr-17 at 15:18:00

[ Job Parameters... ]

[ Analysis Manager... ]

WSS - 20

Cancel ]

MSC

Software



Setup Analysis — Define Flutter Parameters

1.
.908
.821
.735
.669
.601

Action:

Density Ratio Sets

Density Ratio Set Na
densities @

Ref. Density = 1.2268E-012 (SL kg/mm"3)

@

Input: |
Density Ratio E
1 1.0000 3
2 0.9030
3 0.8210
4 0.7350 M

o ()

Cancel h

FLD120, Workshop 5, April 2017
Copyright© 2017 MSC Software
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weves [BT]( ()
Mach -5
o\
I Density Ratio Sets... d )]
7 .<
[ velocty sets.. i )
N/
Convergence Tolerance:
Default
Number of Output Values:
Default

Solution Sequence: 145

Action:

Available Subcases

_SEARCH_REGION_M_=_0.5.5C1
mach_0.5

Subcase Name
ma ch_D.S{

Subcase Description

Structural Load Cases
_SEARCH_REGION_M_=_0 5.5C1

Default

Subcase Options

[BDensio) Hatio sets e el — o R ETX

Subcase Parameter.

[ Mach-Freguency Pairs...

[ Flutter Parameters...

[ Output Reguests...

[ Direct Text Input...

[ Real Eigenvalue...

Cancel

MSC

Software



Setup Analysis — Define Flutter Parameters

(Cont.)

* Velocity Sets

— Enter the data shown. (158e3 to 170e3 in
increments of 2.)

— Be sure to select Yes for 162e3 through
170e3 mm/s

FLD120, Workshop 5, April 2017
Copyright© 2017 MSC Software
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N Velocity Sets el oo

Velocity Sets

velocities

Input: |

Action:

Velocity Set Name

®

Welocity Vector lA
; 158000.0 NO =
3 160000.0 NO @
3 162000.0 YES
4 164000.0 YES
v
G

MSC A Software



Selection of Velocity and Density Set

[N Velocity Sets = [® Density Ratio Sets = LB Flutter Parameters

XZ Symmetry: i
X Symmetry: Asymmetric ¥
= 2 . Method PK ™
Velocity Sets Density Ratio,
rrr— e | || e e— ([ p—
(a)
( Density Ratio Sets.. ~—" |
7\
[ Velocity Sets..  \ €) |
Convergence Tolerance:
| Default |
Number of Output Values:
| Default |
NAME = velocities MAME = densities
Velocity Vector Reference Density = 1. Z268E-012 (5L kg/mm"3) o
Densty Rate
158000.0 NO
160000.0 NO 1.
162000.0 YES 0.90799999
154000.0 YES 0.82099952
166000.0 YES 0.73500001
168000.0 YES 066500003
170000.0 YES 0.60100001
Apply m Cancel
o (0
FLD120, Workshop 5, April 2017
. p>5 Ap WS5 - 23 MSC A Software

Copyright© 2017 MSC Software
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Select Output Requests _
RS =% [

* Insert below entries in Direct e———

text input to obtain X-Y plot

Element Stresses Available Subcases
Constraint Forces.

OUTPUT (XYPLOT) - T oW
XPAPER=29.
YPAPER=21. e s ane

XGRID=YES Subcase Descripton
YGRID=YES
CURVELINESYMBOL = +1

XYPLOT XYPAPLOT VG / 52(G,F) -
OUTPUT (PLOT) (O o)

Structural Load Cazes

Subcase Options

Subcase Parameter... ]
o _—
[ Direct Text Input =] =i 3 [ Mach-Freguency Pairs. . ]
Write To Input Deck
[ Flutter Parameters... ]
OUTPUT (XYPLOT)
XPAPER=29. )
VPAPER=21. @ [ Output Requests... ( a
XGRID=YES
YGRID=YES [ Direct Text Input...
CURVELINESYMBOL = +1 d
XYPLOT XYPAPLOT VG / 52(G,F)
QUTPUT (PLOT)
[ Real Eigenvalue... ]
—(f) — — ) (h)cames ]

FLD120, Workshop 5, April 2017 )
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Generate Nastran Input File

e In Job Parameters set the Analysis Type to e _—r
Analysis Deck to Study the Input file pero AerosG2D

Structure: Entire Model

Aeroelastic Analvsis

N Subcase Select

Solution Type

Subcases For Solution Sequence: 145 Flutter e

_SEARCH_REGION_M_=_0.5.5
mach_0.5 @
[ Target Databases...
MNews: No
Reuse: Mo
[ Subcase Create... ]
() Select Al () Unselect Al
( Subcase Select... ( b>
Subcases Selected:
mach_0.5
( Existing Jobs... | |2
Job Mame
| flutter_wkS |
Job Description

MSC. Nastran Aeroelastic job
created on 23-Apr-17 at 15:18:00

[ comcs ]

[ Job Parameters... ]

[ Analysis Manager... ]

Run \ € Cancel

FLD120, Workshop 5, April 2017 )
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First Results

* Point=52 data has been sent to plt file. Pdf can be generated from
It as shown in earlier workshop.

 The Flutter Summary in the .fO6 shows that flutter occurs for
points 4, 20, 36, 52, 68 and 84. Sample output shown in the next
page.

* The flutter velocities are between 158 m/s and 170 m/s.

FLD120, Workshop 5, April 2017 )
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Flutter Summary Results

0 FLUITER SUMMERY
CONFIGURATION = REROSGZD XY-SYMMETRY = ASYMMETRIC ¥Z-S5YMMETRY = SYMMETRIC
EPOINT = 4 MACH NUMBER = 0.5000 DENSITY RATIO = 1.0000E+00 METHOD = PE
KFREQ 1./KFREQ VELOCITY DAMPING FREQUENCY COMPLEX  EIGENVALUE
0.5987 1.6703341E+00 1.5800000E+05 -3.2891823E-03 7.5273805E+00 —7.7782463E-02 4.7295927E+01
0.5902 1.6944T4TE+00 1.6000000E+05 1.0735300E-02 7.5140666E+00 2.5343313E-01 4.7212273E+01
0.5821 1.7178TTTE+00 1.6200000E+05 2.5805338E-02 7.5043472E+00 6.0837639E-01 4.7151204E+01
0.5746 1.740428TE+00 1.6400000E+05 4.1761565E-02 7.4985581E+00 9.8379452E-01 4.7114830E+01
0.5675 1.7620408E+00 1.6600000E+05 5.840747TE-02 7.4969093E+00 1.3756266E+00 4.7104470E+01
0.5610 1.7826644E+00 1.6800000E+05 7.5525690E-02 7.4994569E+00 1.7794033E+00 4.7120478E+01
0.5549 1.802288TE+00 1.7000000E+05 9.2900715E-02 7.5061059E+00 2.1907036E+00 4.7162254E+01
1 MSC.HASTRAN AERCELASTIC JOB CREATED ON 23-APR-17 AT 15:18:00 ZPRIL 23, 2017 M5C Nastran 7/ 3/15  PAGE 268
SEARCH REGION M = 0.5.5C1
o FLUTTER SUMMARY
CONFIGURATION = AEROSG2D KY-SYMMETRY = ASYMMETRIC KZ-SYMMETRY = SYMMETRIC
POINT = 20 MaCH WNUMBER = 0.5000 DENSITY RATIC = 9.0800E-01 METHCOD = PE
KFREQ 1./EFREQ VELOCITY DAMPING FREQUENCY COMPLEX  EIGENVALUE
0.6033 1.6576322E+00 1.5800000E+05 -1.5735803E-02 7.5850606E+00 -3.7497114E-01 4,7658341E+01
0.5940 1.6836008E+00 1.6000000E+05 —5.5804898E-03 7.5625975E+00 -1.3258463E-01 4,7517202E+01
0.5850 1.7093672E+00 1.6200000E+05 5.6383898E-03 7.5417094E+00 1.3359025E-01 4,7385958E+01
0.5764 1.7348226E+00 1.6400000E+05 1.7935517TE-02 7.5227897E+00 4.2387978E-01 4,7267082E+01
0.5682 1.7598406E+00 1.6600000E+05 3.1292873E-02 7.5062821E+00 7.3793853E-01 4,7163361E+01
0.5604 1.7842857E+00 1.6800000E+05 4.5650694E-02 7.4926428E+00 1.0745640E+00 4,707T663E+01
0.5531 1.8080254E+00 1.7000000E+05 6.0902843E-02 T.4822900E+00 1.4316010E+00 4,7012615E+01
1 MSC.MASTRAN AEROELASTIC JCE CREATED CM 23-APR-17 AT 15:182:00 LPRIL 23, 2017 MSC HWastran 7/ 3/15 PAGE 284
_SEARCH REGION M = 0.5.5C1
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Flutter Summary Results (Cont.)

(3] FLUITER SUMMERY
CONFIGURATION = RAEROSG2D KY-SYMMETRY = ASYMMETRIC KZ-SYMMETRY = SYMMETRIC
POINT = 36 MACH NUMBER = 0.5000 DENSITY RATIO = 8.2100E-01 METHOD = PK
EFREQ 1./HEFREQR VELOCITY DAMPING FREQUENCY COMPLEX EIGENVALUE
0.6093 1.6411460E+00 1.5800000E+05 -2.0962011E-02 7.6612564E+00 -5.0452515E-01 4.8137093E+01
0.5997 1.66T4862E+00 1.6000000E+05 -1.3988743E-02 7.6356828E+00 —3.3558483E-01 4.7976410E+01
0.5303 1.6939574E+00 1.6200000E+05 -6.265T77T5E-03 7.6103155E+00 -1.4980541E-01 4,.7817023E+01
0.5812 1.7205253E+00 1.6400000E4+05 2.2669116E-03 T.585302TE+00 5.4020348E-02 4.,T76589263E+01
0.5724 1.7471427E+00 1.6600000E+05 1.1665802E-02 7.5608366E+00 2.7709859E-01 4.750613TE+01
0.5638 1.7737413E+00 1.6800000E+05 2.1984915E-02 7.5371842E+00 5.2057557E-01 4,7357525E+01
0.5555 1.8002302E400 1.7000000E+05 3.3268862E-02 7.5146892E+00 7.8541437TE-01 4,.7216185E+01
1 MSC.HASTRAN AERCELASTIC JOB CREATED OWN 23-4APR-17 AT 15:12:00 LPRIL 23, 2017 MSC MWastran 7/ 3715 PAGE 300
_SEARCH REGION M = 0.5.5C1
0 FLUITER SUMMARY
CONFIGURATION = AEROSG2D XY-SYMMETRY = ASYMMETRIC XZ-SYMMETRY = SYMMETRIC
POINT = 52 MACH NUMBER = 0.5000 DENSITY RATIO = 7.3500E-01 METHOD = PE
KFREQ 1./KFREQ VELOCITY DEMEING FREQUENCY COMPLEX  EIGENVALUE
0.6162 1.6229435E+00 1.5800000E+05 —2.095762TE-02 7.7471832E+00 -5.1007709E-01 4.8676988E+01
0.6065 1.64884T1E+00 1.6000000E+05 -1.618537TE-02 7.7219989E+00 -3.9264713E-01 4,.8518750E+01
0.5970 1.6749990E+00 1.6200000E+05 ~1.0970217E-02 7.6964524E+00 —2.8525017E-01 4,.8358236E+01
0.5878 1.7013963E+00 1.6400000E+05 —5.2657724E-03 7.6T705850E+00 -1.2689381E-01 4,8195T70TE+01
0.5787 1.7280464E+00 1.6600000E+05 9.6638755E-04 7.644389TE+00 2.3208337E-02 4.8031117E+01
0.5698 1.7549510E+00 1.6800000E+05 7.7702443E-03 7.61T8850E+00 1.8595975E-01 4,.7864583E+01
0.5611 1.7821028E+00 1.7000000E+05 1.5197353E-02 7.5911280E+00 3.6243001E-01 4.7696464E+01
1 M5C.NASTRAN AERCELASTIC JOB CREATED ON 23-APR-17 AT 15:18:00 LPRIL 23, 2017 MS5C Wastran 7/ 3/15 PAGE 316
_SEARCH REGION M = 0.5.5C1
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Flutter Summary Results (Cont.)

o0 FLUTTER SUMMARY
CONFIGURATION = REROSG2D KY-SYMMETRY = ASYMMETRIC KZ-SYMMETRY = SYMMETRIC
POINT = &8 MACH NUMBER = 0.5000 DENSITY RATIO = &.6900E-01 METHOD = PK
KFREQ 1./KFREQ VELOCITY DEMPING FREQUENCY COMPLEX  EIGENVALUE
0.6217 1.6086065E+00 1.5800000E+05 -1.8620466E-02 7.8162314E+00 -4.5723328E-01 4,9110830E+01
0.6120 1.6339350E+00 1.6000000E+05 -1.4969082E-02 7.7924T735E+00 -3.66454T7TE-01 4,8961555E+01
0.6026 1.6595200E+00 1.6200000E+05 -1.1039229E-02 7.7682403E+00 -2.6940848E-01 4.8809293E+01
0.5933 1.6853646E+00 1.6400000E+05 -6.8000421E-03 7.7435504E+00 -1.6542517E-01 4,8654162E+01
0.5843 1.7114832E+00 1.6600000E+05 -2.2278344E-03 7.7183T00E+00 -5.4020471E-02 4,8495949E+01
0.5754 1.7378966E+00 1.6800000E+05 2.6982445E-03 7.6926411E+00 6.5208866E-02 4,8334290E+01
0.5667 1.7646238E+00 1.7000000E+05 8.0046355E-03 7.6663198E+00 1.9278728E-01 4,8168908E+01
1 MSC.HASTREN AEROELASTIC JOB CREATED ON 23-AFR-17 AT 15:18:00 APRIL 23, 2017 MS3C Nastran 7/ 3/15 PLGE 332
_SEARCH REGION M = 0.5.5C1
0 FLUITER SUMMARY
CONFIGURATICHN = AEROSG2ZD XY-SYMMETRY = ASYMMETRIC ¥Z-SYMMETRY = SYMMETRIC
EOINT = 84 MACH NUMBER = 0.5000 DENSITY RATIC = &.0100E-01 METHOD = EX
EFREQ 1./HFREQ VELOCITY DEMEING FREQUENCY COMPLEX EIGENVALIE
0.6274 1.5938626E+00 1.5800000E+05 -1.5050944E-02 7.8885349E+00 -3.7300097E-01 4.9565126E+01
0.6178 1.618532TE+00 1.6000000E+05 -1.2170379E-02 7.866628TE+00 -3.0077561E-01 4.9427486E+01
0.6085 1.6434353E+00 1.6200000E+05 -9.1223937E-03 7.8442700E+00 -2.2480772E-01 4,9287002E+01
0.5393 1.6685762E+00 1.6400000E+05 -5.8897903E-03 7.8214618E+00 -1.4472302E-01 4.9143894E+01
0.5903 1.6939644E+00 1.6600000E+05 -2.4562441E-03 7.7981923E+00 -6.0174895E-02 4.899748TE+01
0.5815 1.7196209E+00 1.6800000E+05 1.1859860E-03 7.7743966E+00 2.896650TE-D2 4.8847975E+01
0.5729 1.7455896E+00 1.7000000E+05 5.0448893E-03 7.7500035E+00 1.2282971E-01 4.8694T08E+01
1 M5C.HASTRAN AERCELASTIC JOE CREATED ON 23-RPR-17 AT 15:18:00 RPRIL 23, 2017 MS5C Nastran 7/ 3/15  PBREE 348
_SEARCE REGION M = 0.5.5C1
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Flutter Mode Shape

o FLUTTER SUMMERY
CONFIGURATION = REROSG2D XY-SYMMETRY = ASYMMETRIC HZ-SYMMETRY = SYMMETRIC
POINT = 52 MACH NUMBER = 0.5000 DENSITY RATIC = 7.3500E-01 METHCOD = PX
KFREQ 1./HFREQ VELOCITY DEMPING FREQUENCY CCMPLEX  EIGENVALUE
0.6162 1.6229435E+00 1.5800000E+05 -2.095762TE-02 7.7471832E+00 -5.1007703E-01 4.8676988E+01
0.6065 1.6488471E+00 1.6000000E+05 -1.618537TTE-02 7.7219989E+00 -3.9264713E-01 4.8518750E+01
0.5970 1.6749390E+00 1.6200000E+05 -1.097021TE-02 7.6964524E+00 -2.6525017E-01 4.8358236E+01
D.5878 1.7013963E+00 1.6400000E+05 -5.3657724E-03 7. 67058508400 -1.2689381E-01 4.819570TE+01
L_o.=5787 1.7280464F400 1.6600000F+05 9.6638755E-04 7.64438978+400 2.3208337F-02 |  4.8031117E+01
0.5698 1.7549510E+00 1.6800000E+05 7.7702443E-03 7.6178850E400 1.8595975E-01 4.7864583E+01
0.5611 1.7821028E+00 1.7000000E405 1.5197353E-02 7.5911280E400 3.6243001E-01 4.7696464E+01
1 MSC.NASTRAN AFROELASTIC JOB CREATED ON 23-APR-17 AT 15:18:00 RPRIL 23, 2017 MSC Nastran 7/ 3/15  PAGE 320
_SEARCH REGION M = 0.5.5C1

Patran 2014.1 64-Bit 23-Apr-17 17:26:55

Fringe: SC5 Structure_SEARCH_REGION_M_=_0.5.5C1, Al1:Mode 276 : Freq. = 7.6444, Eigenvectors, Translational, Magnitude, (NON-LAYERED

Deform: SC5 Structure_ SEARCH_REGION_M_=_0.5.5C1,

FLD120, Workshop 5, April 2017
Copyright© 2017 MSC Software
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1:Mode 276 : Freq. = 7.6444, Eigenvectors, Translational,

" 7.63+000

WS5 - 30

7.63+000
7.12+000,
6.61+000,
6.10+000,
5.60+000,
5.09+000,
4.58+000,
4.07+000,
3.56+000
3.05+000,
2.54+000,
2.03+000,
1.53+000
1.02+000
5.09-001

0,

default_Fringe :
Max 7.63+00!

default_Deformation
Max 6.44+000 @MNd 12
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Additional Runs to Get Flutter Boundary

« Matched point at M=0.5 and Density=0.735 identified by fitting the
data point on the Flight envelope graph.

 To get flutter boundary more runs will be preformed at Mach
numbers 0.46, 0.48, 0.52,0.54

e 4 more subcases need to be created within Patran at these Mach
Numbers=0.46,0.48,0.52,0.54

FLD120, Workshop 5, April 2017 )
t© 2017 MSC Software WS5-31 MSC ASoftware

nnnnnnnnn




Setup for Mach Number - 0.46, 0.48, 0.52, 0.54

 Unsteady Aerodynamics

Mach-0.46 Mach-0.48

.46 0.2 .48 0.2
46 0.5 48 0.5
.46 0.6 .48 0.6
.46 0.7 .48 0.7
46 1.0 48 1.0

Mach-0.52 Mach-0.54

.52 0.2 .54 0.2
.52 0.5 .54 0.5
.52 0.6 .54 0.6
.52 0.7 .54 0.7
.52 1.0 .54 1.0

 The specific MKPAIR needs to selected while setting up the
Flutter subcase for the specific Mach number

FLD120, Workshop 5, April 2017 )
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Generate Nastran Input File for All Mach
Numbers

Aeroelastic Analysis |

Aeroelastic Model ? [i]

i I n \] O b Par am eterS Agrn: Aero3G20

. Structure: Entire Model
set the Analysis o

olution Iype
Type to AnalySIS Subcases For Solution Sequence: 145 e

D ecC k tO St u d y t h e _SEARCH_REGION_M_=_0 5.5C1

mach_0.45
I mach_0.48 Target Databaszes...
Input flle mach_0.5 @ [
mach_0.52 New: No
mach_0.54
Reuse: No

[ Subcasze Create...

) Select Al ) Unselect Al [ Subcase Select... @1

Subcases Selected:

mach_0.45 [
mach_0.48
mach_0.5

Existing Jobs...

mach_0.52 Job Name
mach_0.54

Flutter_boundary

Job Description

WMSC. Nastran Aeroelastic job
created on 24-Apr-17 at 20:09:51

[ Job Parameters... ]

[ Analysis Manager... ]

Run \ € Cancel

FLD120, Workshop 5, April 2017 )
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Flutter Boundary

 The Flutter Summary for each Mach number is observed in f06
file.

« The EAS derived from the TAS at the specific air density is plotted
on the graph to get the Flutter Boundary.

* The flutter analysis is repeated for intermediate Mach numbers to
get specific values as shown in graph in next slide.
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Matched Pointat M ~ 0.5

350
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1005
Altitude  |rho/rho0 |c EAS TAS M 4
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		5		-0.5		0.2

				stable		unstable

		0		1		1

		0.1		0.8347823553		0.8953109056

		0.2		0.4888857434		0.5623524613

		0.3		0.0608840737		0.0751113459

		0.4		-0.3407122129		-0.4508064863

		0.5		-0.6239312751		-0.8854006251

		0.6		-0.7334044798		-1.116213423

		0.7		-0.6599098741		-1.0771815912

		0.8		-0.438150422		-0.7670578948

		0.9		-0.134409336		-0.2523683912

		1		0.1720498125		0.3464657757

		1.1		0.4088668919		0.8830569154

		1.2		0.5269526259		1.2206156611

		1.3		0.5098234456		1.2665658741

		1.4		0.37437678		0.9975105483

		1.5		0.1637389301		0.4679087368

		1.6		-0.0653773795		-0.2003721363

		1.7		-0.2573088764		-0.8457951722

		1.8		-0.3704379206		-1.3059498049

		1.9		-0.3856473802		-1.458149477

		2		-0.3086771652		-1.2517476302

		2.1		-0.1664083222		-0.7237489227

		2.2		0.0014731869		0.0068718132

		2.3		0.1530320574		0.7655904952

		2.4		0.2541639281		1.3637307819

		2.5		0.2858739933		1.6450912467

		2.6		0.2473080984		1.526350577

		2.7		0.1542273878		1.0208879407

		2.8		0.0337189829		0.2393820877

		2.9		-0.0832546875		-0.6339083805

		3		-0.1695092857		-1.3842416284
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atmosphere

		Altitude		rho		c		rho/rho0		sqrt(rho/rho0)		K

		m		kg/m^3		m/s

		0		1.225		340.290		1.000		1.107		340.290

		1000		1.112		336.430		0.908		1.055		320.538		1.000

		2000		1.006		332.525		0.821		1.003		301.339		1.102

		3000		0.901		328.574		0.735		0.949		281.776		1.218

		4000		0.819		324.575		0.669		0.905		265.393		1.360

		5000		0.736		320.526		0.601		0.858		248.447		1.496

		7500		0.557		310.172		0.455		0.746		209.152		1.664

		10000		0.413		299.460		0.337		0.643		173.878		2.199

				0		1000		2000				3000		4000		5000		7500		10000

		M		VE		VE		VE				VE		VE		VE		VE		VE

		0		0		0		0				0		0		0		0		0

		1		340.29		320.5376619965		301.3389343752				281.7756393847		265.3926996856		248.4472114481		209.1520586545		173.8784666599





Swept_Wing

								M=0.5						M=0.48						M=0.46						M=0.52						M=0.54						M=0.58

		Alt.		rho/rho0		c		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS

		0		1.000		340.290		158.5		0.4657791883		158.5		157.9		0.4640159864		157.9		157.1		0.4616650504		157.1		159.2		0.4678362573		159.2		160		0.4701871933		160

		1000		0.908		336.430		161.5		0.4800404245		153.8710353192		160.3		0.4764735606		152.7277211249		159.8		0.4749873674		152.2513402106		162		0.4815266177		154.3474162335		162.8		0.4839045269		155.1096256964

		2000		0.821		332.525		164		0.4931960003		148.6191571688		163		0.4901887076		147.7129427958		162.1		0.4874821442		146.8973498601		164.8		0.4956018344		149.3441286671		165.8		0.4986091271		150.2503430401		167.5		0.5037215247		151.7909074742

		3000		0.735		328.574		166.4		0.5064308192		142.6998678946		165.5		0.5036917102		141.9280537053		164.4		0.5003439104		140.9847252517		167.5		0.5097786191		143.6431963483		168.3		0.5122133827		144.3292534054		170.5		0.5189089825		146.2159103127

		4000		0.669		324.575		167.9		0.5172918432		137.2854787868		166.6		0.5132866056		136.2225179623		165.6		0.5102056535		135.4048557897		169		0.5206808904		138.1849071767		170.2		0.5243780328		139.1661017839		172.7		0.5320804128		141.2102572155

		5000		0.601		320.526		168.6		0.5260103705		130.685809732		167.3		0.5219545372		129.6781492774		165.9		0.5175867168		128.5929764801		170		0.5303781908		131.7709825293		171.5		0.5350579984		132.9336676693		174.2		0.543481652		135.0265009212

		7500		0.455		310.172																										170.2		0.5487278026		114.7675495628		174.2		0.5616238732		117.4647892705

		10000		0.337		299.460																										170		0.567688506		98.7088069598		173.8		0.5803780138		100.9152391154
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		0.5350579984		132.9336676693
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stability

		5		-0.5		0.2

				stable		unstable

		0		1		1

		0.1		0.8347823553		0.8953109056

		0.2		0.4888857434		0.5623524613

		0.3		0.0608840737		0.0751113459

		0.4		-0.3407122129		-0.4508064863

		0.5		-0.6239312751		-0.8854006251

		0.6		-0.7334044798		-1.116213423

		0.7		-0.6599098741		-1.0771815912

		0.8		-0.438150422		-0.7670578948

		0.9		-0.134409336		-0.2523683912

		1		0.1720498125		0.3464657757

		1.1		0.4088668919		0.8830569154

		1.2		0.5269526259		1.2206156611

		1.3		0.5098234456		1.2665658741

		1.4		0.37437678		0.9975105483

		1.5		0.1637389301		0.4679087368

		1.6		-0.0653773795		-0.2003721363

		1.7		-0.2573088764		-0.8457951722

		1.8		-0.3704379206		-1.3059498049

		1.9		-0.3856473802		-1.458149477

		2		-0.3086771652		-1.2517476302

		2.1		-0.1664083222		-0.7237489227

		2.2		0.0014731869		0.0068718132

		2.3		0.1530320574		0.7655904952

		2.4		0.2541639281		1.3637307819

		2.5		0.2858739933		1.6450912467

		2.6		0.2473080984		1.526350577

		2.7		0.1542273878		1.0208879407

		2.8		0.0337189829		0.2393820877

		2.9		-0.0832546875		-0.6339083805

		3		-0.1695092857		-1.3842416284
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atmosphere

		Altitude		rho		c		rho/rho0		sqrt(rho/rho0)		K

		m		kg/m^3		m/s

		0		1.225		340.290		1.000		1.107		340.290

		1000		1.112		336.430		0.908		1.055		320.538		1.000

		2000		1.006		332.525		0.821		1.003		301.339		1.102

		3000		0.901		328.574		0.735		0.949		281.776		1.218

		4000		0.819		324.575		0.669		0.905		265.393		1.360

		5000		0.736		320.526		0.601		0.858		248.447		1.496

		7500		0.557		310.172		0.455		0.746		209.152		1.664

		10000		0.413		299.460		0.337		0.643		173.878		2.199

				0		1000		2000				3000		4000		5000		7500		10000

		M		VE		VE		VE				VE		VE		VE		VE		VE

		0		0		0		0				0		0		0		0		0

		1		340.29		320.5376619965		301.3389343752				281.7756393847		265.3926996856		248.4472114481		209.1520586545		173.8784666599





Swept_Wing

		Altitude		rho/rho0		c		EAS		TAS		M

		0		1.000		340.290		158.5		158.5		0.466

		1000		0.908		336.430		153.9		161.5		0.480

		2000		0.821		332.525		148.6		164.0		0.493

		3000		0.735		328.574		142.7		166.4		0.506

		4000		0.669		324.575		137.3		167.9		0.517

		5000		0.601		320.526		130.7		168.6		0.526

		m				m/s		m/s		m/s
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		5		-0.5		0.2

				stable		unstable

		0		1		1

		0.1		0.8347823553		0.8953109056

		0.2		0.4888857434		0.5623524613

		0.3		0.0608840737		0.0751113459

		0.4		-0.3407122129		-0.4508064863

		0.5		-0.6239312751		-0.8854006251

		0.6		-0.7334044798		-1.116213423

		0.7		-0.6599098741		-1.0771815912

		0.8		-0.438150422		-0.7670578948

		0.9		-0.134409336		-0.2523683912

		1		0.1720498125		0.3464657757

		1.1		0.4088668919		0.8830569154

		1.2		0.5269526259		1.2206156611

		1.3		0.5098234456		1.2665658741

		1.4		0.37437678		0.9975105483

		1.5		0.1637389301		0.4679087368

		1.6		-0.0653773795		-0.2003721363

		1.7		-0.2573088764		-0.8457951722

		1.8		-0.3704379206		-1.3059498049

		1.9		-0.3856473802		-1.458149477

		2		-0.3086771652		-1.2517476302

		2.1		-0.1664083222		-0.7237489227

		2.2		0.0014731869		0.0068718132

		2.3		0.1530320574		0.7655904952

		2.4		0.2541639281		1.3637307819

		2.5		0.2858739933		1.6450912467

		2.6		0.2473080984		1.526350577

		2.7		0.1542273878		1.0208879407

		2.8		0.0337189829		0.2393820877

		2.9		-0.0832546875		-0.6339083805

		3		-0.1695092857		-1.3842416284
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atmosphere

		Altitude		rho		c		rho/rho0		sqrt(rho/rho0)		K

		m		kg/m^3		m/s

		0		1.225		340.290		1.000		1.107		340.290

		1000		1.112		336.430		0.908		1.055		320.538		1.000

		2000		1.006		332.525		0.821		1.003		301.339		1.102

		3000		0.901		328.574		0.735		0.949		281.776		1.218

		4000		0.819		324.575		0.669		0.905		265.393		1.360

		5000		0.736		320.526		0.601		0.858		248.447		1.496

		7500		0.557		310.172		0.455		0.746		209.152		1.664

		10000		0.413		299.460		0.337		0.643		173.878		2.199

				0		1000		2000				3000		4000		5000		7500		10000

		M		VE		VE		VE				VE		VE		VE		VE		VE

		0		0		0		0				0		0		0		0		0

		1		340.29		320.5376619965		301.3389343752				281.7756393847		265.3926996856		248.4472114481		209.1520586545		173.8784666599





Swept_Wing

								M=0.5						M=0.48						M=0.46						M=0.52						M=0.54						M=0.58

		Alt.		rho/rho0		c		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS		TAS		M		EAS

		0		1.000		340.290		158.5		0.4657791883		158.5		157.9		0.4640159864		157.9		157.1		0.4616650504		157.1		159.2		0.4678362573		159.2		160		0.4701871933		160

		1000		0.908		336.430		161.5		0.4800404245		153.8710353192		160.3		0.4764735606		152.7277211249		159.8		0.4749873674		152.2513402106		162		0.4815266177		154.3474162335		162.8		0.4839045269		155.1096256964

		2000		0.821		332.525		164		0.4931960003		148.6191571688		163		0.4901887076		147.7129427958		162.1		0.4874821442		146.8973498601		164.8		0.4956018344		149.3441286671		165.8		0.4986091271		150.2503430401		167.5		0.5037215247		151.7909074742

		3000		0.735		328.574		166.4		0.5064308192		142.6998678946		165.5		0.5036917102		141.9280537053		164.4		0.5003439104		140.9847252517		167.5		0.5097786191		143.6431963483		168.3		0.5122133827		144.3292534054		170.5		0.5189089825		146.2159103127

		4000		0.669		324.575		167.9		0.5172918432		137.2854787868		166.6		0.5132866056		136.2225179623		165.6		0.5102056535		135.4048557897		169		0.5206808904		138.1849071767		170.2		0.5243780328		139.1661017839		172.7		0.5320804128		141.2102572155

		5000		0.601		320.526		168.6		0.5260103705		130.685809732		167.3		0.5219545372		129.6781492774		165.9		0.5175867168		128.5929764801		170		0.5303781908		131.7709825293		171.5		0.5350579984		132.9336676693		174.2		0.543481652		135.0265009212

		7500		0.455		310.172																										170.2		0.5487278026		114.7675495628		174.2		0.5616238732		117.4647892705

		10000		0.337		299.460																										170		0.567688506		98.7088069598		173.8		0.5803780138		100.9152391154

		Matched

		M		EAS

		0.4616650504		157.1

		0.4764735606		152.7277211249

		0.5064308192		142.6998678946

		0.5206808904		138.1849071767

		0.5350579984		132.9336676693

		0.5803780138		100.9152391154

		Altitude		rho/rho0		c		EAS		TAS		M

		0		1.000 €		340.290		158.5		158.5		0.466

		1000		0.908 €		336.430		153.9		161.5		0.480

		2000		0.821 €		332.525		148.6		164.0		0.493

		3000		0.735 €		328.574		142.7		166.4		0.506

		4000		0.669 €		324.575		137.3		167.9		0.517

		5000		0.601 €		320.526		130.7		168.6		0.526

		m				m/s		m/s		m/s
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