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Aircraft Description

Wwingspan:12 m

Chord: 2 m

Leading Edge: 0.3 m aft of datum
Nodes:2 m forward of datum
Length: 7 m
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Workshop Objectives
— View elastic and rigid deformations and loads
— Verify splines

Software Version
— Flightloads 2014

Files Required
— Sol_example 2a modes.bdf

Problem Description

— Half model

— Vertical surfaces

— Control surfaces ‘Welded’ — apart from the aileron
— Anti-symmetric about XZ plane

— Flexible aileron hinge
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* Suggested Exercise Steps

Launch Flightloads

Create a New Database

Import Structural Mesh file i.e. sol_example2a modes.bdf
Run Normal Modes file

Attach XDB file to Patran

View Results

Switch Preference to Aero-elasticity

Create Flat Panel Modeling

. Create Splines

10.Verify Splines

11.Animate Splines

12.Setup 7 Trim Case to study roll rate at varying speeds
13.View Results

© 0N s WDRE
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Step 1. Boundary Conditions

« Import sol_example2a_modes.bdf into Patran  [weemmman

* Display boundary conditions

[ madity Vector Display

Current Load Case:

[ _MODES_CHECKOUT SC1...

Type: Static
Azzigned Load/BC Sets

Group Filter
O All Groups

@ Current Wiewpart

Select Groups

5
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Step 2. Run File and Attach XDB to Patran

« Run modal analysis (sol_example2a_modes.bdf)

e Check .fO6 file

— ldentify:
» 3 rigid body modes
 Elastic modes

 Attach .xdb in Patran

— ldentify :
3 rigid body modes
 Significant elastic modes
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Step 3. Results

* Results expected

— 3 rigid body modes

— Significant elastic modes
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Results |

[Resuts ———————x

Ohject: uick Plot hd
_
=

Select Result Cases

SC1: MODES CHECHCUT, A1:Mode 1 :
S MODES CHECKOUT, A1:Mode 2 :
SC1: MODES CHECHOUT, A1:Mode 3 :

" EARLGEEE R
SC1: MODES CHECKCUT, A1:Mode 5 :
S MODES CHECHCUT, A1:Mode 6

SC1: MODES |Z:ZHE|Z:Z}<::|Z::|I_ITI A :Mode T
SC1: MODES CHECHOUT, A1:Mode §:
SC1: MODES CHECHOUT, A1:Mode 9

[

r

[il 1 | [l

Select Fringe Result

Eigenvectors, Raotational
Eigenvectors, Translational

Quantity: Magnitucs: ¥

Select Deformation Result

Eigenvectors, Rotational
Eigenvectors, Translationa

|:| Animate

Al

[l
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Significant Elastic Modes

Detorm: SC1: MODES CHECKOUT. Al Mode 4. Freqg. = 1.2754. Eigervectors. Translational. Deform: SC1: MODES CHECKOUT. Al:Mode 5 : Freq. = 8.2599. Eigemsectors. Translational.

Mode 4

default_Deformation
Max 2 65-001 @Nd 216

default_Datarmation
Maoc 1 28-001 @Nd 23

Detorm: SC1: MODES CHECKOUT. Al'Made 7 : Freq. = 17 856, Eigenvectars, Translatianal

Mode 7

default_Deformation default_Deformation
Max 1.26-001 &Nd 23 ! Map 1.12-001 @ENd 17
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Structural Mesh
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Suggested Aero Mesh
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Create Flat Panel Modeling

i File Group Viewport Viewing Display Preferences Tools Help  Utilities

Home Geometry Results Flightloads

2 P #| &
] Fapan Ve
‘k ] ZQ & % -~ -
Model Flat Plate | Control | Monitor || Global | Steady | Unsteady || Stuctural | Monitor | Aeroelastic | Analysis || Access
Management | Modeling | Devices | Points Data Coupling [ Points Model Results
Aero Modeling Aerodynamics Aeroelasticity

Flightizads |

Loads
Browser

e 7 Aero-meshes need to be created.
— Main wing
— Wing tail
— Aileron
— Tall
— Elevator
— Fin
— Rudder
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Flight Loads Dyngmicg
@' Aero Mu-l:leling M@
{:} Aerodynamics
{:} Aeroelasticity
(") Results Browser
() Import/Export
(") Options

Current SuperGroup
AeroSG20

Flat Plate / Elemental

Aero Modeling
WModel Management...

| Fiat Piate Aero Modeling.. O

[ Control Devices...

[ Aero Monitor Paints. .. ]

Fllghdﬁua.ds and Dynamlcs
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Create Flat Panel ID- 100001

° Th | S | S Fl at Lifting Surface Data Mesh Control Flat Plate Aerc Modeling
Lifting Surface Data | IWI EIETT ) Flat Plate &ero Modeling |

Span Mesh: Unif - had
A e r O S U rfaC e Reference Coord System Action:

for Main Wing = :
Starting Element ID ' . . . ' Method:

100001 @
Humber = 12

Interference Group I
1

—+ SPAMN

1
L

= -

e

OnoIr +

Aszsociated Bodies

None *

F===="T==="T""1
1
| ISEEAN I I |

S S e

NN
T

1

L

I_ Existing Surfaces...

Surface Mame

Chord Mesh: wing_100001 @
|.;.| Auto Select

Point 1 Mode 51
OK (D[ Cancal tumeer = 5@ Point2:  |Node 175

Point 3: Mode 200

Point 4: Mode 126

esh Control...

Optional Data...

[ oK @[ Cancel JM
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Create Flat Panel ID- 101001

. . Lifting Surface Data [¥ | j | Mesh Control Flat Plate Ac odeling
. This is Fl e e
I S I S at m Flat Plate Aero Modeling | Mesh Control | | ¢ | » Flat Flate Aero Medeling l
Span Mesh: - .1
A e r O S U rfaC e Reference Coord System Action: Ii]

f or W| N g T ai I \Coord 0 L) Object:  |Lifting Surface ¥
101001
(o100t (k) wmer- [3(Q) | —
Interference Group ID rl- T ———— _I|.|
[l 1 i
1 F- -i_ I _1
| tia T
H1 H 1 1 n
a I-l + - [ 1 =
Associated Bodies Bid T
1 1 1
aL_ g [
EN
I Existing Surfaces. .. ]
L Surface Mame
Chord Hesn: wiai_01001 (g) |
N—" S
|‘;’| Auto Select

Point 1: Mode 126

Number = IEQ"D:I Point 2: G.

Ptz [Hode 170 () |

Point 4: Meﬂ

[ Mesh Control..__( f)

[ Optional Data... (:JE

oK @| Cancel | Loy (@[ carcel_|
(]

- (]

L
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Create Flat Panel ID- 102001

« This is Elat Lifting Surface Data % Fiat Plate Acro Modelmg
Lifting Surface Data W[ﬂ_ﬂ Flat Plate Aero Modeling ]

Span Mesh: )
A e r O S U rfaC e Reference Coord System - Action:
for Aileron e ]

Starting Element ID ' : L . ' Method:
102001
R \Y - [ (@)

Interference Group ID
1

[2]

a
=

—+ 5P

1
L

=Ml —

|

oDoOIN 4+
[e===T===T==1
1
1
1

| FYS R S |

Asszociated Bodies

s

1]

ks
hul
1

[ Existing Surfaces...

Surface Name

|alleron_102001 /7
&

Chord Mesh:

L Auto Select

' ' ' . J Point 1: Mode 134

we- [s(h) oz (om0
Point 3: Node 220 @

Point 4: Mode 170

( Mesh Control... @_]

( Optional Data... (1_
@l — I— I Apphy (@ I Cancel l

0K
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Create Flat Panel ID- 103001

e This is Flat
Aero Surface
for Tall
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Lifting Surface Data

Lifting Surface Data |

Reference Coord System
Coord 0

Starting Element ID
103001

Interference Group 1D

1

Asszociated Bodies

Hone

WS2 - 17

Mesh Control =

Flat Plate Aero Modeling | Mesh Contral | [ £]»
~
o

Span Mesh:

Number =

Chord Mesh:

Number =

0K @l Cancel |

Flat Plate Aero Modeling

Flat Plate Aero Modeling |

Object: Lifting Surface ¥
Method:

—+ SPAM

1
L

e
[

Fmmmpemmnnd
| ISEERN I - |

% U
T

1

(7

Existing Surfaces...

Surface Name

tail_103001 @

Auto Select

Point 1: Mode 1

Point 2: Mode 21

Point 3: MHode 24

Point 4: Mode 4

Mesh Control...

Optional Data...




Create Flat Panel ID- 104001

. . Lifting Surface Data Mesh Control Flat Plate Aero Modeling
e Th Flat A e Soroce Daie ocein
IS IS at Aero Lifing Surface Data | Fiat Plate Acro Hodeing | Hesh Control | [ &2/l if e o s o deiing |

B

Span Mesh: -
S U rfaC e fO r Reference Coord System Action:

Elevator .
Starting Element I : : : : : Kethod: -!-Pnints -

104001 @
Humber = 3

Interference Group 1D
1

—+ SPAM

=

-4
j
L

R
[

[OPSYIN R R |

—n —

Asszociated Bodies

Hone

ODOIN +
===="T""="T""

+
b
T

Existing Surfaces...

Surface Name

Chord Mesh: elevator_104001 @

L
|<——| Auto Select

Point 1: Mode 4

Number = 3 @
Point 2: Mode 24

Point 3: Mode 42

Point 4: Mode 28
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Create Flat Panel ID- 105001

e This is Flat
Aero Surface
for Fin
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Lifting Surface Data

Lifting Surface Data

Reference Coord System

| Coord 0

Starting Element ID

[ 105001 (/I(\)

Interference Group 1D

[1

Asszociated Bodies
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Mesh Control =

Flat Plate Aero Modeling | Mesh Contral | [ £]»
~
o

Span Mesh:

Number =

Chord Mesh:

Number =

0K @I Cancel |

Flat Plate Aero Modeling

Flat Plate Aero Modeling ]

Action: Create

Object: Lifting Surface i

Method: |4 Points 7

1

1
1
-4

——mni—

S s S

n OnoIN +
F====7T==="T-"1
R
1
—ooedb coodboo

ke

T
1
L

[ Existing Surfaces...

Surface Name

| fin_105001 N\
)

Auto Select
Point 1: Mode 1

Point 2: Mode &1
Point 3: Mode B4

Point 4: MHode 4

Il

:

e

Mesh Control... (:m
Optional Data... (:ID
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Create Flat Panel ID- 106001

. Th I S | S Fl at Lifting Surface Data [ |J| Mesh Control X |1 Flat Plate Aero Modeling
Lifting Surface Data | IWI L] Ili]_ﬂ Flat Plate Aero Modeling |

Span Mesh: .1 )
A e r O S U rfaC e Reference Coord System - Action:

for Rudder .
Starting Element ID L L L L ] Method:

106001 @
Humber = 3

Interference Group 1D
1

ODOIN +—
F====T==="T""1

Asszociated Bodies

Hone

X

Existing Surfaces...

Surface Name

Chord Mesh: rudder_106001 @
L
|._.| Auto Select

Point 1: Mode 4

Number = 3 @
Point 2: Mode 64

Point 3: MHode 80

Point 4: Mode 28

lesh Control... Cm
Optional Data. . (DJ

0K @l Cancel |

FLD120, Workshop 2, April 2017 WS2 - 20
Copyright© 2017 MSC Software

Cornaration




Creating Splines

Create Splines

 This is the step which needs to | ceesme |

be executed in order the
connect the structural nodes
to the Aero Panel Elements.
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Object:  |Surface Spling hd
Type: Infinite Plate hd

| Flightloads |

[ Existing Surface Splines ...

Infinite Plate Name

Structural Nodes

Select Structural Nodes ...

Structural Nodes and Groups

Aero Grids

Select Aero Grids ...

Aero Grids and Components

( Input Data ..

|

[ Repaint ] [ Clear Form ]

WS2 - 21

Flight Loads _Dynamics
{:} Aero Modeling

{:} Aerodynamics

() Results Browser
{:} Import/Export
{:} Options

Current SuperGroup
AeroSG2D

Flat Plate / Elemental

Aeroelasticity

[ Aero-Structure Coupling... ( I

[ Struc. Monitor Points. .. ]

[ Aeroelastic Model.. |

[ Analysis... ]

MSP@SBFMARE

Fllghtltoads :md Dynamu:s

MSC A Software



Create Spline for Wing ID - 1

Insert the nodes shown
below in step c as a first
trial. The set of nodes will be
refined as the workshop
proceeds.

In step d the structural
nodes participating the
splining with Aero elements
are selected. The structural
nodes to be used will be
finalized using the verify
spline operation discussed
further.

In step e the Aero- panel
elements to be used in
splining are selected. The
flat panel have been created,
so the specific group needs
to be selected.

Node 81:134 172:175
177:180 182:185 187:190
192:195 197:200
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r Infinite Plate Aer... : = 1 [ Infintte Plate Str...

Infinite Plate Aero Elements

O Autoadd ) Remove

Select Aero Elements ‘

[ Add ] [ Remove ]

Selected Elements

[ Clear ]

Aero Components

aileron_102001
elevator_104001
fin_105001
rudder_106001

tail_103001
wing_100001 m
witail_101001

Infinite Plate Structural Nodes

() Auto Add
Select Structural Nodes
Naje 811341721175 177180 C

e () |

C' Remove

Remove ]

: E ] Create Splines

Create Splines |

Object: Surface Spline b
Infinite Plate =

Type:

[ Existing Surface Splines ... ]

Selected Nodes

Node 81:134 172:175 177:180
182:185 187:190 192:195 197:200

[ Clear ]

Structural Groups

default_group

[ selctan | [ selecthone |

[ seectan | [ selecthone |

| oK (@[ cancel |

i 0K (@ [ Cancel ]

WS2 - 22

Infinite Plate hamg
wing_1 6

Structural Nedes

[ Select Structural Nodes @]

Structural Modes and Groups

Node 81:134 172175 177180
182:185 187:180 182:185 187:200

Aero Grids

i Select Aero Grids ... th

Aero Grids and Compenents

AeroComponents:wing_ 100001

[ Input Data ... ]

[ Repaint ]

(i) |

[ Clear Form ]

Close ]
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Create Spline for WingTail ID - 2
[R5 X || ARG PRESe S X || G|

Insert the nodes shown
below in step ¢ as a first
trial. The set of nodes will
be refined as the workshop
proceeds.

In step d the structural
nodes participating the
splining with Aero elements
are selected. The structural
nodes to be used will be
finalized using the verify
spline operation discussed
further.

In step e the Aero- panel
elements to be used in
splining are selected. The
flat panel have been
created, so the specific
group needs to be selected.

Node 126:134 144:170
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Infinite: Plate Aero Elements. Finite Plate Structural Nodes
() Auto Add ) Remove O aAutoadd O Remove
Select Aero Elements Select Structural Nodes
Mode 126:134 144170
’ Add ] [ Remove ] [ Add @ [ Remowve ]
Selected Elements Selected Nodes
| ode 128:134 122174 |
[ Clear ] [ Clear
Aero Components Structural Groups
aileron_102001 default_group
elevator_104001
fin_105001
rudder_106001
tail_103001
wing_ 100001
wetail 101001 0
[ selectan | [ Sekecthone | [ seectar | [ selecthione |
I oK @[ Cancel ] l oK (@ [ Cancel ]

Create Splines |

WS2 - 23

Object: Surface Spline hd
Type: Infinite Plate hd

[ Existing Surface Splines ... ]

Infinite Plate Je=<g
wingtail_2 a
Structural Nodes

[ Select Structural Nodes @

Structural Medes and Groups

I Node 126:134 144:170 I

Aero Grids

i Select Aero Grids ... f

Aero Grids and Components
AeroCompenents:wiail_101001

[ Input Diata ... ]

[ Repaint ] [ Clear Form ]

[ Apply@ [ Close ]
MSC ASoftware




Create Spline for Aileron ID - 3

Insert the nodes shown
below in step ¢ as a first
trial. The set of nodes will
be refined as the workshop
proceeds.

In step d the structural
nodes participating the
splining with Aero
elements are selected. The
structural nodes to be
used will be finalized using
the verify spline operation
discussed further.

In step e the Aero- panel
elements to be used in
splining are selected. The
flat panel have been
created, so the specific
group needs to be
selected.

Node 201:220
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r Infinite Plate Aer... = 01 1 r Finite Plate Struc... : = 1

Infinite: Plate Aero Elements

O Auto Add O Remove

Fintte Plate Structural Nodes

O Auto Add O Remove

Select Aero Elements ‘

Select Structural Nodes
Mode 201:220

[ Add ] [ Remaove ]

Selected Elements

[ Clear ]

Aero Components

aileron_102001
elevator_104001
fin_105001
rudder_106001
tail_103001
wing_100001
wiail_101001

(Q

[ seectar | [ selecthone |

i OK @ Cancel ]

[ Add (d) [ Remove ]

Selected Nodes

| noge 201:220] |

Create Splines

Create Splines |

Surface Spline —

Infinite Plate =

Object:

Type:

[ Existing Surface Splines ... ]

Infinite Plate [Jo=g
aileron_3 e
Structural Nodes

[ Select Structural Nodes @

Structural Nodes and Groups

| node 201:220 |
[ Clear ]
Structural Groups
default_group
Aero Grids
I Select Aero Grids . f

[ selectan |

i 0K @ [ Cancel ]

[ Select None ]

WS2 - 24

Aegro Grids and Components

AeroComponents:aileron_102001

[ Input Data ... ]

[ Repaint ]

[ Apphy @ [ Close ]

[ Clear Farm ]
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Create Spline for Tail ID -4

[ Finite Plate Struc... = 0 % II
o Insert the nOdeS ShOWﬂ ] N Create Splines |
Infinite Plate Aero Elements Finite Plate Structural Nodes

below in step ¢ as a first Acton
t”al The set Of nOdeS Wl” O AutoAdd O Remove O autosdd () Remove Object.

be refined as the workshop selectSuciralodss @‘ e

Select Aero Elements ‘

MNaode 1:24
proceeds " [ Add ] [ Remove ] [ Add @ [ Remove ] [ Existing Surface Splines ... ]
° In Step d th e Stru Ctu ral Selected Elements IS;ZCE’:T:‘IIM% I Int::lij F‘Iae
nodes participating the Structural Nodes
Select Structural Nodes @

splining with Aero |

Structural Modes and Groups

elements are selected. The 5

structural nodes to be used | ! e I Clear |
will be finalized using the =
verify spline operation Ao Conparens Strctural Groups
dlSCUSSGd further %Ea:gﬁ;i?m default_group Aero Grids - %
rudder_106001 i Select Aero Grids ... k
hd In Step e the Aero‘ panel Aero Grids and Components
elem ents to be used in witail_101001 AeroComponents:tail_103001
splining are selected. The
flat panel have been
created, so the specific
group needs to be [ seectan | [ sekecthione | [ selctar | [ Selectiione | l — ]
Selected. [ Repaint ] [ Clear Form ]

° NOd e 1 24 l OK @ [ Cancel ] | oK @[ Ccancel ] [ ﬁppb‘@ [ s ]
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Create Spline for E

Insert the nodes shown
below in step c as a first
trial. The set of nodes will
be refined as the
workshop proceeds.

In step d the structural
nodes participating the
splining with Aero
elements are selected.
The structural nodes to be
used will be finalized
using the verify spline
operation discussed
further.

In step e the Aero- panel
elements to be used in
splining are selected. The
flat panel have been
created, so the specific
group needs to be
selected.

Node 4:24:4 26:28 30:32
34:36 38:40 42:44 46:48
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evator ID -5

Infinite Plate Aero Elements

O Aute Add O Remove

Select Aero Elements ‘

r Infinite Plate Aer... = O 1 [ Finite Plate Struc... =] 01 2 [ create Splines

Finite Plate Structural Modes

() Auto Add

Select Structural Nodes
Mode 4:24:4 26:28 30:32 34:360 C

O Remove

[ Add ] [ Remove ]

[ Add (d) [ Remove ]

Selected Elements

Selected Nodes

Node 4:24:4 26:28 30:32 34:36
38:40 42:44 46:48]

[ Clear ]

Clear ]

Aero Components

aileron_102001
elevator_104001 m
fin_105001

rudder_106001
tail_103001
wing_100001
wtail_101001

[ selectan |

[ oK @[ cancel

[ Select None ]

Structural Groups
default_group

[ selectan |

| oK @[ Cancel

[ Select Mone ]

WS2 - 26

Create Splines |

Object: Surface Spline =
Type: Infinite Plate hd

Auction:

[ Existing Surface Splines ... ]

Infinite Plate Npmg
Elevator_5
Structural Nodes

[ Select Structural Nodes @

Structural Nodes and Groups

Node 4:24:4 2628 30:32 3436
38:40 42:44 46:48

Aero Grids

i Select Aero Grids ... f

Aero Grids and Components

AeroComponents:elevator_104001

[ Input Data .. ]
[ Repaint [ Clear Form ]
Apphy Q [ Close
MSC A Software



Create Spline for Fin ID - 6

* Insert the nodes shown
below in step ¢ as a first
trial. The set of nodes will
be refined as the workshop
proceeds.

* In step d the structural
nodes participating the
splining with Aero
elements are selected. The
structural nodes to be used
will be finalized using the
verify spline operation
discussed further.

* In step e the Aero- panel
elements to be used in
splining are selected. The
flat panel have been
created, so the specific

group needs to be selected.

e Node 1:4 53:64
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r Infinite Plate Aer...

Infinite Plate Aero Elements

] 1 [ Finite Plate Struc... = 0 1 c"eate Splines

Create Splines |

Finite Plate Structural Nodes

() AauteAdd () Remove ) AutoAdd () Remove
Select Aero Elements Select Structural Nodes
Node 1:4 53:64 C
7/
’ Add ] [ Remove ] [ Add Kd) [ Remove ]

Selected Elements

Selected Nodes

Node 1:4 53:64|

’ Clear ]

[ Clear ]

Aero Components

aileron_102001
elevator_104001

rudder_108001
tail_103001
wing_ 100001
wiail_101001

[ selectan |

i QK (:FD [ Cancel ]

[ Select None ]

Structural Groups
default_group

[ selectan |

i OK @ ’ Cancel ]

[ Select Mone ]

Object: Surface Spline b
Type: Infinite Plate hd

’ Existing Surface Splines ... ]

Infinite Plate Npeag
Fin_g e

Structural Nodes

[ Select Structural Nodes ... @

Structural Nodes and Groups

Node 1:4 53:64

WS2 - 27

Aero Grids

i Select Aero Grids .. th

Aero Grids and Components

AeroCompeonents:fin_ 105001

’ Input Data ... ]

’ Repaint ] [ Clear Form ]

(D) [

MSC



Create Spline for Rudder ID - 7

Insert the nodes shown
below in step c as a first
trial. The set of nodes will
be refined as the workshop
proceeds.

In step d the structural
nodes participating the
splining with Aero
elements are selected. The
structural nodes to be
used will be finalized using
the verify spline operation
discussed further.

In step e the Aero- panel
elements to be used in
splining are selected. The
flat panel have been
created, so the specific
group needs to be
selected.

Node 4 26:28 56:64:4 70:72
74:76 78:80
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Infinite Plate Aero Elements

C' Auto Add O Remove

Select Aero Elements ‘

[ Add ] [ Remove ]

Selected Elements

r Infinite Plate Aer.. E 1 [ Finite Plate Struc.. E Z||§ | Create Splines

Finite Plate Structural Nodes

O Aute Add O Remove

[ Add (d) [ Remove ]

Select Structural Nodes
MNode 4 26:28 56:64:4 70:72 74\ C)

Create Splines |

Object: Surface Spline =
Type: Infinite Plate b

Action:

[ Existing Surface Splines ..

Selected Nodes

Node 4 26:28 56:64:4 T0.72 7478

78:80]

[ Clear ]

Clear ]

Aero Compenents

aileron_102001
elevator_104001

fin_105001
rudder_106001 @
tail_103001

wing_100001
wtail_101001

[ selectan |

| oK (@[ Cancel

[ Select None ]

Structural Groups
default_group

[ seectar ]| [ selecthone |

i Ok @[ Cancel

WS2 - 28

Infinite Plate pe<g
Rudder_7 a
Structural Nodes

( Select Structural Nodes . Oj

Structural Nodes and Groups

Node 4 26:28 56:64:4 T0:72 74.76
78:80

Aero Grids

f

i Select Aero Grids ...

Aero Grids and Components
AeroCoempoenents rudder_ 108001

[ Input Data .. ]

[ Repaint [ Clear Form ]

Apphy [ Close
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Verify Spline

e Animate

— Aeroelasticity click
Aero-Structural
Coupling

— Select Splines

— Auto Select
Splines

— Select from
available splines
and pick the first
non-rigid mode

— Click Apply to see
the animation

Aeroelastic Model =
Aeroelastic Model

Aerodynamics Model ? [i

[ Select Aero Model... |

Type: Flat Plate
Name: AeroSG2D

Structural Model

Select Structural Model...
Name: Entire: Model

Aero-Structural Coupling

Check Duplicate Splines

i Auto Select Splines e]

Select Splines

FPS — aileron_3
FPS — elevator_S

FPS — fin_8
FPS — rudder_7
FPS — tail 4
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Verify Splines

Verify Splines |

Action: C ?
Object: Displacement hd

[ Select Splines... @b

Auvailable Splines

i

Conditions

SC1: MODES CHECKOUT, A1:Mode 1|
SC1: MODES CHECKOUT, Al:Mode 2
SC1: MODES CHECKOUT, Al:Mode 3
SC1: MODES CHECKOUT, Al:Mode 4
SC1: MODES CHECKOUT, A1:Mode 5
SC1: MODES CHECKOUT, A1l:Mode GM

[(_l I | m

Animate:

Structural Mesh:
Aeroelastic Mesh: |

Scale Interpretation

O Auto @ Model O True
Scale Factor | 0.2 @

| Resat Graphics |

| Apply @[ cancel |

Flightloads
Flightloads |

Flight Loads Dynamics

OAern Modeling M{Q

=)

) Results Browser
) ImportExport
O Options

Current SuperGroup
AeroSG2D

Flat Plate / Elemental

Aeroelasticity

l Agro-Structure Coupling... (@

I Struc. Monitor Points... ]

[ Aeroelastic Mogel... |

| Analysis... |

MSC A Software



Verify Spline — Results
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Define Control Surface for Aileron

[controtpevee x|

Control Device |

Action: ? s

Object: [Cnntrul Surfaces = ]

e

Existing Coentrol Surfaces... ]

Control Surface page
ct_ailer e

@ Lifting Surface
O Surface Boxes

Select Componentis)
aileron_102001 e [«]

elevator_104001 "

o Anrnna

Optional Limits

Hinge Line

Control Device | Optional Limits
Coord 3

Hinge Moment ""

Lower

Reference Chord gth

Upper

Reference Area
iti [ 1.0
Position (Rads) @

Lower -1.5708 @
T570e | Optional Limits... (@
Upper = @

Ok (D [ Cancel S ®[ concsl_J

™
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Define Global Data for Aircraft

Global Data = Flightloads
Global Data Flightloads
Flight Loads Dvnamics
Aero Model: AeroSE20 Y [_] O Acro Modeling
() FullModel (3 Half Model @ @) Aerodynamics

C) Aeroelasticity

Aerodynamics () Results Browser

Reference Span (Full O mportExport
mpol pi
12. d Calc...

) Options

Reference Chord

2. Calc...

Current SuperGroup

[] calculate Reference Area | ASroSGE20

Reference Area (Full Vehicle)

| Flat Plate / Elemental
|24 ('ﬂ | [Calc:...]
N
Rigid Body Coord Frame
|_I:|:||:|rd 0 J Aerodynamics
( Global Data...

( Steady Aerodynamics. ..

Densities: |5 kg/m*3 ™
Reference Density [ Unsteady Aerodynamics...

1228 (@) |
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Copyright© 2017 MSC Software WS2 - 32 MSC

Cornaration




Define Model Parameters

Model Parameters

Aeroelastic Model | Medel Parameters

STRUCTURAL PARAMETERS:
Auto Contstraints (AUTOSPC)

Plate Rz Stiffness Factor

Mass Calculation:

Wit.-M Conversion
1 .I}( f )

Node id. for Wit. Gener.

Use Shell Normals

Tolerance Angle

| 20.0

AERD PARAMETERS:

Trim Accel Scale Factor (AUNITS)
AN\

[ 1.0 (g)

FLD120, Workshop 2, April 2017
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Aeroelastic Model

Aeroelastic Model

Aerodynamics Model

( Select Aero Model

Type: Flat Plate
Mame: AeroSG2D

Structural Model

[ Select Structural Model...

Mame: Entire Model

Aero-Structural Coupling

Check Duplicate Splines

| Auto Select Splines

Select Splines

FPS — aileron_3
FPS — elevator_S
FPS — fin_&

FPS — rudder_7¥
FP3 — tail 4

Idodel Parameters... @]

Global Data...

|

WS2 - 33

OK (D [ cancal |

[v]

Flightloads

Flightloads

Flight Loads Dynamics
O Aero Modeling

O Aerodynamics
O

O Resultz Browser
O Import/Export

) Options

Current SuperGroup

| AerosSG2D

| Flat Plate / Elemental

Aeroelasticity
Aero-Structure Coupling... ]

Struc. Monitor Points... ]

Aeroelastic Model... @




Add Structural BC to study Roll motion

 Switch to Structural Preference.

Load/Boundary Conditions
* Add constraint with 2" and 6t dof fixed at node 99. | =
Named it as spcfix. Now model is free in other 4 dof, | .., ——
so the rolling motion of model can be studied. o
[ Input Data : [ 1 Current Load Case:
Default...
Load/BC Set Scale Factor
1 Type: Static
[select anpication Regron & | | e - Existing Sets T
Select Appiication Region (a2 Rotations <R1 A2 A3 = spcl.19
seeet T:an;UPh>ase =Tp1 Tp2 Tp3=
Rotation Phase <Ap1 Rp2 Rp3=
Application Region = M
Select Nodes a i | [l
Nodz 33 Spatial Fields 1
’ Add ] [ Remove ] New Set Name
Application Region SDchd
[ FEM Dependent Data. . ]
[ Input Data... |
Analysis Coordinate Frame [ Select Application Region... ]
Coord O
Lok ] [ Resst | [v]
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Create Loadcase

« Create Default Load case with Symmetry BC and e
Constraint in 26 Dof’s at Node 99.

Existing Load Gr—g ]
Default \_a/ =
_MODES_CHECKOUT 5C1

&9 Input Data = | S ——S—)
4 2
Select Individual Loads/BCs Select Loads/BCs from Existing Load Cases.
Displ_spci. 19 - Defaukt =
Displ_spcfix _MODES_CHECKOUT.SC1

Fitter | | *
Load Case Name

7\
| Default @

Additional Loads/BCs Controls I

Assigned Loads/BCs Sort By Priority ILDacIlEIC Type: isplacemen it p Make Current
Lioc | Scale Factor Prigrity. =
spel 19 | Displacemen it 1 Add Type: Static * |
spcfix | Displacemen t | 1 Add
Description

@ This load case is the defautt load -
case that always appears

Input Diata. .. @ I

Load Case Scale Factor
- |10

Remove Selected Rows | Remove All Rows | Undo Spreadshest

, o ()
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Setup For Trim Case

« Switch back to Aero elasticity Preference

Aeroelastic Analysis

Solution Seguence: 144 (Flexible Trim)

Aero: AeroSG2D
Structure: Entire Model
Axailable Subcases
Solution Type
[static Aeroelasticity - |
Method
Flexible Trim =
Subcase Narne/-\
Rol_case1 ( €) | [ Target Databases. .

Aerpelastic Analysis l

Aeroelastic Model

Subcaze Deszcription

Structural Load Cases

_MODES_CH i@UT.Sm

Subcase Options

Trim Parameters... (@

[ FEM Rigid Body DOFs. .

[ Output Reguests. . ]

[ Direct Text Input... ]

FLD120, Workshop 2, April 2017
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News: No

Reuse: No

Subcase Create...

Subcase Select...

[ Existing Jobs..

Job Name /\
d

| Roll_cases u

Job Description

Job Parameters. .

Flightloads

Flightlcads

Flight Loads Dwnamics
{:} Aero Modeling

{:} Aerodynamics
@ Aeroelasticity
{:} Results Browser
(:} Import/Export

() Options

Current SuperGroup

| AeroSG2D

| Flat Plate / Elemental

Aeroelasticity

[ Aero-Structure Coupling...

[ Struc. Monitor Points...

Aceroelastic Model...

Analysis...

MSC

Software




Job Setup for Roll Trim Analysis (Cont.)

* This procedure will ooy
W”te Out the TRIM Solution Sequence: 144 (Flexible Trim) X2 Symmetry. m

entry into the Nastran |*” X Syt ©

i n p ut d eC k Available Subcases Mach: o.or @

Dynamic Pressure: BEIE.IJ @
« Steady roll:

. . . Vehicle Rigid Body Motion
— Aileron deflection: 15°
Subcase Name Use?
— Roll rate to be - vo
: Subcase Description Roll Rate Free
determined - -
aw Rate o
Lateral Acceleration No
Structural Load Cases FEIREEE 3R No "
et |
SC1 AEROSG2D

SC1: MODES CHECKOUT

< |

Control Devices for AeroSG2D

Use?
Subcase Options CT_AIL 0.261799 @
Trim Farameters... ]
( FEM Rigid Body DOFs... ]
[ Output Requests... ]
|

( Direct Text Input...

(zeey_(0) o () [ ] o]
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Define FEM Rigid Body DOFs

 This will write the

SUPORT1 entry in the

Case control and
Begin Bulk Section

FLD120, Workshop 2, April 2017
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FEM Rigid Body DOFs

 Aeroelastic Analysis [ FEM Rigid Body DOFs |

Cluxey oy [Juz(3)
Rx(4) @ZI Ry(5) [1Rz(8)

Structural Points
Input Nu-de(ﬂ\
Node 33 (C)

Remove Row ] [ Clear All

OK @[ Cancel |

[N Subcase Create

Solution Seguence: 144 (Flexible Trim)

Action: Create ¥

Available Subcases

—

Subcase Name

| Roll_caze1 |

Subcase Description

Structural Load Cases
Default

5C1 AEROSGZD
SC1: MODES CHECKOUT

[ Ju E

Subcase Options

Trim Parameters... ]

f FEM Rigid Body DOFs... ( 3.2]

[ Output Requests... |

[ Direct Text Input... |

WS2 - 38
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Table of Remaining 6 — Roll trim cases

« The same procedure as shown for Roll _casel needs to be
repeated for 6 different mach no’s and Dynamic pressure as
shown in Table below.

Mach No
« Steady roll: Q
— Aileron deflection: 15° 0.07 306.01
— Roll rate to be determined 013 1224.05
e Investigate roll rate at varying speeds
— Roll Rate is derived from Trim Variable 0.20 2754.11
ROLL 0.26 4896.20
roll rate - semi span
ROLL = : P 0.33 7650.31
Velocity
0.39 11016.44
0.46 14994.60
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Roll Results from FO6 file for Subcase 1

b SUBCARASE 1

LEROCSTARATTIC DATELZ RECOVERTY CUTPUT TABLES

CONFIGURATICN = AERCSG2D XY-5YMMETEY = ASYMMETRIC XZ-S5YMMETRY = ANTISYMMETRIC
MACH = 7.000000E-02 @ = 3.060000E+02
CHCRD = 2.0000E+00 SPAN = 1.2000E+01 RRER = 1.2000E+01

TRIM ALGORITHM USED: LINEAR TRIM SOLUTICN WITHCUTI REDUNDANT CONTROL SURFACES.

AEROELASTIC TRIM VARIABLES

ID LABEL TYFE TRIM STATUS VALUE OF UX
INTERCEFT RIGID BODY FIXED 1.000000E+00

1 CTI_RIL CONTRCL SURFACE FIXED 2.617990E-01 RADIANS

1 ANGLEL RIGID BODY FIXED 0.000000E+00 RADIANS

2 SIDES RIGID BODY FIXED 0.000000E+00 RADIANS

3 ROLL RIGID BODY FREE 8.87T755E-02 NONDIMEN. RATE
4 PITCH RIGID BODY FIXED 0.000000E+00 MNCNDIMEN. RATE
3 YRW RIGID BODY FIXED 0.000000E+00 MNONDIMEN. RATE
& TURDD1 RIGID BODY FIXED 0.000000E+00 LENGTH/S5/S

T URDD2 RIGID BODY FIXED 0.000000E+00 LENGTH/S5/5

& URLDD3 RIGID BODY FIXED 0.000000E+00 LENGTH/S5/S

] URDD4 RIGID BODY FIXED 0.000000E+00 RADIANS/S/S
10 URDDS RIGID BODY FIXED 0.000000E+00 RADIANS/S/S
11 URLD& RIGID BODY FIXED 0.000000E+00 RADIANS/S/S

CONTROL SURFACE POSITICH AND HINGE MCMENT RESULTS

ACTIVE LIMITS ARE FLAGGED WITH AN (&), VICLATED LIMITS ARE FLAGGED WITH & (V).

POSITICH HINGE MCOMENT
CONTROL SURFACE LOWER LIMIT VALUE UPFER LIMIT LOWER LIMIT VALUE UPPER LIMIT
CT_AIL -5.000020E+01 2.617930E-01 5.000021E+01 H/R -1.663455E+01 H/R
L HMSC.NASTRAN AEROELASTIC JOE CREATED ON 02-APR-17 AT 15:52:33 LRPRIL 2, 2017 MSC Nastran 7/ 3/15 PAGE ls

DEFAULT

e The roll rate value needs to be noted for each subcase to create a
Graph of the Roll at analysed Speed

FLD120, Workshop 2, April 2017

Carnnration

Copyright© 2017 MSC Software W52-40 MSC A\Software



Roll Rate

Roll Rate
1.00E-01

9.00E-02
8.00E-02
7.00E-02
6.00E-02

5.00E-02

rCOo®

4.00E-02
3.00E-02
2.00E-02
1.00E-02

0.00E+00
0 50 100 150 200 250 300 350 400

MPH

FLD120, Workshop 2, April 2017
Copyright© 2017 MSC Software

Cornaration

WS2 - 41 MSC A Software



Alleron Deflection

Aileron Deflection
1.60E+01

1.40E+01
1.20E+01
1.00E+01
8.00E+00
6.00E+00
4.00E+00
2.00E+00

0.00E+00
0 50 100 150 200 250 300 350 400

MPH

This values can be got by measuring the deflection angle of aileron wrt flat surface. Procedure for doing this has
been added as an appendix section.
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演示者
演示文稿备注
This values can be got by measuring the deflection angle of aileron wrt flat surface. Procedure for doing this has been added as an appendix section. 



Results — Displacemen

t
Fringe: 5C1 AEROSCG2DDEFALILT, Al:Static Subcase, Displ i itude, (NON-LAYERED)
Deform: SC1 ACROSGEZDDEFALILT, Al:Static Subcase, Displacements, Translational,

Subcase 1

defauh_Fringe
Mo 4 28002 @M 103030
bin 3.62-008 @ Hd 100004

default_Deformation :

Fringe: SC3 AEROSGZDDEFALILT, Al:Static Subcase, Displ T lati Magnitude, (NON-LAYERED)
Deform: SC3 AEROSGZDDEFALILT, A1:Static Subcaze, Dizplacements, Translational,

1.0%-001

default_Detormation *

FLD120, Workshop 2, April 2017
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Fringe: 5C2 AEROSC2DDEFALILT, Al:Static Suhcase, Displ T lational, Magnitude, (NON-LAYERED)
Deform: SC2 ACROSGEZDDEFALILT, Al :Static Subcase, Displacements, Translational,

4 AEROSG2DDEFALULT, Al:Static Subcase, Displ . i itude, (NOM-LAYERED)
Deform: SC4 ALROSGRDOEFALLT, A1:Static Subcase, Displacements, Translational,

1.19-001

Only Aero-Mesh Posted

WS2 - 43 MSC

defaul_Fringe :
B B.79-002 @M 10
Bin 1.12-007 @&Hd 1000

default_Deformation :

default_Detormation




Results — Displacements (Cont.)

1.24-001

116001 5 AERO JEFAULT, Al:Static 5 , Displaceme itude, (NON-LAYERED)
1.08-001

1.24-001 Subcase 5 . N Subcase 6

default_Frin

ements, Translational. Magnitude, (NON-LAYERED)
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Results — Aero Forces, Elemental Rigid & Aero
Restrained Forces, Elemental Elastic

Vactor: 5C1 AEROSGZODEFAULT, Al:Static Subcase, Aernelastic Restrained Forces, EJ pntal Elastic C ant, , (NON-LAYEREL]
Veetor: SC1 AEROSGZDDEFAULT, Al:Static Subcase, Aeroelastic Forces, Elemental Rigid Component, , (NON-LAYERED) : aetar . atic Subcase, Aeroelastic Restrained Forces, Elemental Elastic Componen. . )

Subcase 1
Subcase 1

5.76-001
422003

default_Vector :
Maz: 557 <000 @Nd 10201

default_Vector :
Mace 2,60 4001 @Nd 10201

Veotor: SC2 AEROSG2DDEFAULT, Al :Static Subcase, Aeroslastic Forces, Elemental Rigid Component, , (NON-LAYERED) WVector: SC2 AERDSGZDDEFALLT, Al:Static Subcase, Aeroclastic Restrained Forces, Elemental Elastic Component, , (NON-LAYERED)

Subcase 2 1 Subcase 2

SU68+001

497 +001

8554001 . .
2544001 . k 1894001
2.153+00 . ) 1.42+001
1.42+001 A 9464000

7.10+000¢
1.24.004 .

default_Vector : d.cfnult \:l'cctnr :
Mave 1.06+002 @Nd 10201308 - M..lx‘?.O? 001 @Nd 1020‘.1

o 1.
-

MSC




Results — Aero Forces, Elemental Rigid & Aero
Restrained Forces, Elemental Elastic

I
Vector: SC3 AEROSG2ZDDEFAULT, Al:Static Subcase, Aeroelastic Forces, Elemental Rigid Compuonent, , (NON-LAYERED) : Vector: SC3 AEROSGZDDEFALULT, Al:Static Subcase, Aeroelastic Restrained Forces, Elemental Elastic Component, , (NON-LAYERED)

Subcase 3 o Subcase 3

6514001
48894001
F.26+001

1634001
S.82-002
default_Vector : ) default_Vietor :
Max 2444002 @Nd 102071 Maze 2004002 & Nd 10201
g . .

Veetor: $C4 AEROSGZDDEFAULT, Al:Stnic Subcase, Aeroclastic Forces, Elemental Rigid Component, , (NON-LAYERED) 4,12+ Wector: SC4 AEROSGZDDEFALLT, Al:Static Subcase, Aeroelastic Restrained Forces, Elemental Elastic Component,  {NON-LAYERED)

3824
Subcase 4 as0.00 Subcase 4
324+
2.04+002
2651002
2854
2.06+002}
177+
1474
1.18+007
#84+001
5804001
2961001
157-001]_| . 1.96-001
defaul_Vector ; defaul_Veetor ©

Baoe 447 +002 @Md 102017

ph

MSC




Results — Aero Forces, Elemental Rigid & Aero
Restrained Forces, Elemental Elastic

704002} |

Veetor: SC5 AEROSG2ZDDEFAULT, Al:Sutic Subease, Acroclastic Forees, Elemental Rigid Component, , (NON-LAYERED) 6.57+00, Vector: SC5 AFI'mSG?I’JE)FFAI JLT, Al:Stati: Subease, Aeraelastic Restrained Forces, Elemental Elastic Component, , (NON-LAYERED)
B.11+002)
5.64+002)

Subcase 5 s7v00: _ Subcase 5

4704002 !
4.23+00:
376002
3.29-+00:
2,82+00,
2354002
1.88+002]
1.47+002
24200

4.72+001
295001

default_Vector : - default_\ectar
B 704 +002 E@Nd 102012 M 6.53 002 @

-

I
Wector: SC6 ALROSGZODEFALULT, A1:Static Subcase, Aeroslastic Forces, Elemental Rigid Component, . (NON-LAYERED) ¥ Vector: 508 AEROSG2DDEFAULT, Al:Static Subcase, Aeroelastic Restrained Forees, Elamental Elastic Component, , (NON-LAYERED)

Subcase 6  oseond FEE RS Subcase 6

623002

460+0027
394+
; 3294007
2774002 - ) 263+00
2064002 1.97 4002
1394002 1.32+002

G496 +001 : G.61+001
A4.45-007 S.065-007
default_Vector . default_Vector :
M 1.04+003 @Md 10201 Mive D.85+002 @Nd 102012
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Results — Aero Forces, Elemental Rigid & Aero
Restrained Forces, Elemental Elastic

AEROSGZDDEFALLT, A1 Static 5 e, Aeroclastic Forees, Elemental Rigid Component, , (NON-LAYERED) JDEFAULT. A< st Asroelastic Restrained Forces, Elemental Elastic Component,, (NON-LAYERED)

Subcase 7 Subcase 7
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