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High-Lift Device (Flap)

« Objective:
— Design and Analysis of Flap

* CAD - Multibody: CAD Interoperability

Multibody:
— Kinematic analysis: mechanism verifications
— Dynamic analysis: actuator sizing
— Compliances: loads evaluation, vibration

* FEM — Multibody:

— Flexible bodies: dynamic analysis
 CFD - FEM — Multibody:
— _Aerodynamic forces

Multibody and EASYS5: N O » Electro- » Structures |
— Mechatronics Hydraulics FHH@M \

- : ( ]
Multibody — FEM: » Control @@[ﬁ]ﬁﬂ@ﬂ@ EoFelulo?:t

— Durability,Stress Recovery Systems

— Fatigue analysis \ » Mechanisms
----- —— /

» Vehicle

~ Dynamics |\




Actuation Systems: FCS

Control

Primary
Flight
Computer

Pilot ||

—

Input

to actuator command

Avionic Systems
 Control laws

* Digital computers/buses
» Auto-code generation

* Real-time simulation

Electric Motors

Surface
Deflection

s B

(_:onyerts C_:Iotnyertst Applies control Laws EI(tecr?-hydrahullc Corrr:plgx |
pilot input fpl 0 'npllj calculates elevator actua otr F;US tes mechan!ca

from gn_alog rom analog command and converts against elevator mechanism
to digital to digital mechanism

Hydraulics

Actuation Systems

* Mechanisms
 Hydraulics

* Electric motors/drives
* Aero flight loads




Flight Controls: MultiDisciplinary Systems

» Vehicle
/Dynamics N

» Electro- ; » Structures

Hydrau&ics EHH@M@ \

» Control @@Bﬂﬁﬁ’@ﬂ@ foFa:ic?sh |

Systems

Complex systems !
> Mechanlsms - In the past developed
separately
- Integrated and physically
tested at the end of
development phase
- Very costly to correct problem




Industry Process:“Ilron Bird” Physical Testing

Actuation

Iron Bird (skeleton aircraft):
Systems Integration

& Functional Test
Real-time

Control System

Components

o et Dmh e Esber %

Kinematics & Dynamics

External Loads

e




MSC Flight Control Tools

Hydraulics &
Control Systems

Structural

Nastran

)

Mechanism

Flight Loads

FlightLoads




MSC Flight Control Tools

« Reducerisk & cost

Integrafieed — uncover problems earlier in flight
VD controls design process before Iron
Envirenment Bird testing

 Improve quality
— Better validated flight control

ﬁ “cq, systems before flight tests
' b « Integrate multi-disciplinary tools

Improve product development




MSC Flight Control Tools

Complete environment for design and analysis of flight controls

Effect of wing warping on mechanism due to structural deflection
Distributed aero loads vs. point load

Environmental disturbances — thermal, aerodynamics

Test complete aircraft and flight controls through flight maneuvers
Nonlinear controls that effect flying qualities and overall safety
Evaluate hydraulic actuation and effect of back force

Effect of preload condition, excessive friction or system stiffness in
mechanism design

Perform tradeoff studies of surface flexibility, track shape, drive system
authority, and configurations

Perform systems integration before Iron Bird assembly

Reduce risk

Reduce (not eliminate) physical prototyping

Reducing risk and testing = reduces cost
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MSC.ADAMS

Mechanical motion simulation tool
« Multi-body dynamics and kinematics
Rigid and flgxible body dynamics
M vy Interfaces with CAD, FEM, ControlSystem,....

-\

Joints
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MSC.ADAMS/Main.bmp
MSC.ADAMS/Sim.bmp
MSC.ADAMS/LibGeo.bmp
MSC.ADAMS/LibJoi.bmp
MSC.ADAMS/LibFor.bmp
MSC.ADAMS/LibCon.bmp
MSC.ADAMS/LibFle.bmp

MSC.EASYS

Systems-level modeling tool based on schematic block-diagram view of
engineering systems
* Modeling — Design — Linear & Nonlinear Analysis
Multi-disciplinary
> Hydraulic — Pneumatic - Controls — Electric Drives — Mechanical —
L _ Flight Dynamics — Thermal Controls
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MSC.EASY5/FullSim.bmp
MSC.EASY5/LibGen.bmp
MSC.EASY5/LibHyd.bmp
MSC.EASY5/LibGas.bmp
MSC.EASY5/LibMul.bmp
MSC.EASY5/LibEle.bmp
MSC.EASY5/LibInt.bmp
MSC.EASY5/Nichols.bmp
MSC.EASY5/Plot.bmp

*World's most widely used Finite Element Analysis solver
*Most trusted multidiscipline solver in the world.

*To simulate from a single component to complex
assemblies under diverse conditions.

 Offers complete set of linear static and dynamic analysis
capabilities

» Support for superelements

*Offers set of implicit and explicit nonlinear analysis
capabilities

» Enables thermal and interior/exterior acoustics

» Enables coupling between various disciplines such as
thermal, structural, and fluid interaction




Cradle

> Computational Thermo-Fluid Dynamics is a
simulation tool used to analyze complex thermal and
fluid phenomena

> Navier-Stokes equations for fluid-dynamics are used
in CFD and further specific models for complex
phenomena are employed as well

> CFD allows to predict products’ performance before
performing experimental tests, with a great saving in
terms of time and money

> It can be implemented in a wide range of industrial
sectors, since CFD is able to study any
component/system involving fluid-dynamics and heat
exchange

MSC Software Confidential




Multidiscipline analysis

Assembly

- Modeling ’\<‘
y

ometry

CAD = MB

»  Hydraulics

MB KIN & DYN

Adv. Kinematics
5 Clearance

MB + Controls
Actuator

= =
o | e

eEn O

MB+FEM
Flexible Body

f Stress&Strain\s N




CAD =) MB
Assembly

Modeling
. Geometry
v -

CAD — Multibody: Geometry Import/Export

Import and Export of CAD geometry:
*STEP
*IGES
-Parasolid
*STL
-DWG

—— - CATIA VA5
Unigraphics



CAD =) MB
Assembly

Modeling

CAD — Multibody: CAD Interoperability o

DIRECT Import and Export from CAD geometry:
*CATIA V4 and V5
*Pro/E
*SolidWorks I
*Inventor
*ACIS, VDA, ecc.

Al

Advs:

EIEINED

&
*No need to use neutral format e 8
*Direct import of full assemblies, creating rigid EAP LY

@

bodies, assigning inertia e
*More accurate geometry if needed

mjom
|1 | [
OEE

el
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A File Import g|
File Type |AdamsN\ew Cammand File (*.cmd) j
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On Error:

Ok Apply Cancel




MBKIN & DYN

Kinematics
i Clearance

*Direct Kinematic:

o Applied Motion evaluatin

o Motor Torque and Actuator force evalutation,
external forces, weight, inertia, friction

o Kineto-static performance evaluation
o Clearance determination
o Preliminary Failure investigation

* Dynamic:
o Actuator forces
o Structural loads evaluation
o Friction, compliances, assembly errors verification
o Structural deformation
o Clearance determination
o Failure investigation
o Verification




MB+FEM
Flexible Body

Multibody & Finite Element Analysis =R

Dynamic Analysis with Flexible Bodies:
« Effect of fully flexible model
 Structural loads
* Errors
 Vibration
*Deformation

*Stress & Strain evaluation

Durability and Fatigue Analysis

FEM model

Modal
description




- Controls

Multibody & Control Analysis ¢ |

p>

*Mechatronic analysis
o System control
o Hydraulic/Multibody system interaction
o Realistic Actuator modelization
o Cosimulation

Outer Drive Actuation et comes

o posmn_sn | WALVE CONTROLI™ -

Inner Drive Actuation




+ Controls

Multibody & Control Analysis &

>
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« EASY5: rich component libraries
o hydraulics
o pneumatic
o electric
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Gas Dynamics Pipes *Accumulators -Solenoids *Reservoirs
*Hoses *Actuators *Springs *Inertias
+Filters Fittings Dampers *Shafts
+Heat exchangers =Orifices -Sensors *Volumes
Electric Systems *Moving masses Force calculators ~ -Flow resistances ‘Leaks
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Flight Controls ADAMS/EASYS5 Integration

EASY5 hydraulic control system model embedded in ADAMS flight

control mechanism model
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Multidiscipline analysis

CAD = MB  MBKIN & DYN ! MB+FEM

Assembly Adv. Kinematics Flexible Body
Modeling s y Clearance  Stressé&Strains

Geometry oads i

MB + Controls

Actuator
»  Hydraulics
Co-simulatiogﬁ_w

» Aerodynamic Loads

‘\l
R/

3 Full System
/
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CAD =) MB

Assembly
Modeling

Flap model: Requirements - 0.1 i

(xA)18, (yA)18

(xA)33, (yA)33 _
02=.33">

For the kinematic design of actuation, the starting points are the aerodynamic requirements:

.

geometrical requirements
|.e: defining coordinates of point A (LE Flap) for

- TO ©0=-18°
- LDG ©6=-33°

means geometric constraints for coordinates XA , YA

(x4)-18 (Ya)-18
(x4)-33, (Va)-33




CAD =) MB

Assembly

Flap model: Objectives - 0.2 s

Objectives for every configuration

A. Meet Aerodynamic Requirements

» Coordinates Flap point for UP, TO and LDG (based of motion law)
B. Avoid interferences between Flap and TE of the wing

= |t requires a minimum gap
C. Operate in the allowed range considering links and bearings

= Internally of Spar profile

= Considering the Fairing profile

= Maintain Flap integrity (position of bearings and constraints out of flap profile)

= |dentify all valid configurations to allow different solutions
= Show and justify all not valid configurations

Figure 13 Botlng Type Link/Track Mechanism
(End

ipported)



CAD =) MB

Flap model: Configurations - 0.3 -

Option 1 with variants
Rear Link + Straight Track

Carriage

Actuator

Rear Link

Figure 2.20  A340 flap track, according to [13]




CAD =) MB

Assembly

Flap model: Configurations - 0.4 i

Option 2
Fore Link + Straight Track

Option 3 and 3bis
Fore Link + Rear Link/Fore Link

Figure 2.21

A380 flap track (not drawn to scale with Figure 2.20!), according to [13]




CAD =) MB
Assembly

Flap model: Configurations - 0.5 i

Optioq 2 - Option 3 and 3bis
Fore Link + Straight Track Fore Link + Rear Link/Fore Link

D

Fore Link

Actuator

Opzion 4
Curved track

r% Figure 2.21  A380 flap track (not drawn to scale with Figure 2.20!), according to [13]
N () £
gg I lo) .




CAD =) MB
Assembly

Flap model: Configurations - 0.6

Option 5
6-bar Linkage




CAD =) MB

Assembly
Modeling

5 Geometry

* Preliminary Design: choice of the kinematic mechanism:
— Import from CAD of the simplified flap geometry for: T
» Get geometrical information for bearing and link position and interferences
+ Get/define flap trajectory for extraction and retraction at UP, TO, LDG

Flap landing
position

— Build simple Adams model of the flap, but fully parameterized on terms of points (HP) and coordinates for joints
and links for every configuration to investigate

Fore Link ,\b/ ® a — keoft
=\ W ey

Actuat \ 7 #B /7%

ctuator /a \7

— Define Measures and objectives (allowable full movement, no locked-up positions, no interferences, no violation
of limits and trajectory)

— DOE and Optimization Run using Adams and Adams/Insight to define the best kinematic mechanism
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CAD =) MB

Assembly
Modeling

Geometry

[0 Modify Design Variable =
Name| POSX_B
Type‘ Real j Units |Iength j

Standard Va\ue| 1.6469717648E+004

Value Range hy|Absn\ute Min and Max Values j

B jaint_levacD
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I Create Design Objective .
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st by Niem Funcion E|
I Allow Optimization tc Funciion]
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&y 0 s e

Create or modify a function object
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I Creste clearance =
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CAD =) MB
Assembly

Flap model: Import 3D CAD -1.1 S

Flap System

* Inboard flap

* dual screw drives

« driven by hydraulic, electric or
hybrid motors




CAD =) MB

Assembly
Modeling

CAD — Multibody: CAD Interop. - 1.2 A=

Shl files
STEP file
Parasolid files

Adams/View

» Existing model

* File_Name =
Flap_CAD.cmd

Markers ~ for
connections  (joint,
force) already

derived from CAD

Mass/Inertia/ coordinates)

CM from CAD
or User

Flap_Mechanism

CURVEs,
MATRICES
already included
(from CAD)

AIRFRAME | |




CAD =) MB
Assembly

Modeling

| OUT SLIDER | | OUT BOT ROLLER | | OUT DRIVE MOTOR |

- T

[INDRIVE EYE\

IN SLIDER | | IN BOT ROLLER | | N DRIVE MOTOR |




Asse
Modeling

Multidiscipline analysis

f(

CAD = MB MB KIN & DYN MB+FEM
Assembly Adv. Kinematics Flexible Body
Modeling s 3 Clearance  Stressé&Strains
Geometry

oads i

MB + Controls

Actuator
»  Hydraulics
Co-simulatiogﬁ_w

» Aerodynamic Loads
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MBKIN & DYN

Kinema tics

OUT BOT ROLLER/
FLAP

Topology: /
constraints > ®

N
OUT DRIVE MOTOR/
AIRFRAME

(¢ \

IN DRIVE MOTOR/ ‘”
AIRFRAME

FLAP

FLAP

IN SLIDER /
2 ‘IN SLIDER / ‘ ‘ ‘

.




MBKIN & DYN

Multibody: Modeling, Topology - 2.2

Topology: OUT DRIVE EYE/
constraints > [Feap

'@

&
e ~ [\ /

/
SPOILER/
IN DRIVE EYE/
‘AIRFRAME ‘ ,‘ B -

IN DRIVE MOTOR/
& | DRIVE EYE

. /




MBKIN & DYN

Kinematics
N Clearance

Topology: /OUT SLIDER/AIRFRAME FRONT & REAR \
PTCV —>( | |

I
i

Fuaint-Curve Constraint

|Cur\re

.

/IN & OUT BOTTOM \
ROLLER/ AIRFRAME




MBKIN & DYN

Kinematics
Clearance
Verification

Multibody: Modeling, Topology - 2.4

Topology:
Actuators

» Modify Joint X

Name,W

First EodyW
Second Eudy’m
Type’m

Force Display | Mone -

Impose Mation(s)

Initial Conditions

Pelcibed
|

Ol

Apply | Cancel |

i SPOILER I\

N

28 e
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Multibody: Modeling, Topology - 2.5

Adams/View
« Existing model

* File_Name
Flap_Kin.cmd

Mass &
Inertia

Kinematic
Model = O
DOF

A Modify Body

MBKIN & DYN

Kinematics
Clearance

VELIFY MODEL: .Flap Mechanism

-3 Gruekler Count (approximate degrees of freedom)
10 Mowving Parts (not including ground)

£ Cylindrical Joints

1 Bevolute Joints

Z EBpherical Joints

3 Tramslational Joints

£ Tmiwversal Joints

1 Fixed Joints

2 Motions

& Point Curwves

0 Degrees of Freedom for .Flap Mechanism
There are 3 redundant constraint equations.
Thi= constraint: unnecessarily remowes this DOF:
(Translational Joint)

({Cylindrical Joint)
({Cylindrical Joint)

Dotation Between Ei & TJ
Botation Between Ei & XJ
Botation Between Ei & HJ

-Flap Mechanism.flap in bot_roller
-Flap Mechanism._ flap inslider
-Flap Mechanism._flap outslider

Model werified successfully

(X

Body | Rigid_flap

Categary ‘Mass Properties

Define Mass By ‘User Input

Mass | 58.07227 45374
liox | 2992839455977

lxy[ 140173301002 Iyy| 51007175215

Lo

Kinematic Analysis:

I OffDiagonal Terms

lzx | 0.20943985536 lyz ‘ 9619465285002

lzz| 34.75035195596

*Feasibility, functionality

Center of Mass Marker ‘ Rigid_flap.cm

Inertia Reference Marker ‘

*Actuator sizing
*Clearances
failure

Segond International Nonl
February




MBKIN & DYN

Kinematics
N Clearance

Multibody: Kinematic Analyis - 3.1

0.2200486788 meter
02734 meter

0.0 meter
—1_905E-00Z meter

NH}DCE
]
i

Dist. Iniziale

A | Function B T

Create or Modify a Function Measure C

f( . ) | a [Mi{inside drive_eye.iforce, inside_drive mouor.jforcef-0.zs

. . 9 For In & Out [ Math Functions <] Assist ‘MeasureNameW
relatlve dlSp/VEUforce Actuators T

Create or Modify 3 Function Measure " Full narmes &

Measures:
Actuator

VR{inside drive sye.iforce, inside drive motor.jforcel

Welocity ~|  Assist. | Measure Name |.Flap_Mechanism FlapinAct'sl

Wisssue Name: | Flap_Mechsnism WOT_IN_ACT_MEA_1

FZ f(time) e = =

Compenert; [ X € ¥ ® 20 meg

Frarval @ insida_diva_metocr_eye

_dva_sye 12 motar -
Crisrasion..
Fepresent coondneles in.[Inside_dnive_eyeli_malor

- in

4 Point Measure 5]

Measure Name: | Flap_Mechanism.crm_x = Cresta Stip Chat

Measures:
.

Paint Rigid_flap. crm ?!J & e e

I Characteristic: | Translational displacement -

I ap C M Comporent: |® X ¢ Y O I mag Cartesian ¥

g | Qba| ) i
displacement %% Kin Analysis

I Create Strip Chart

B o | e | oo END =8 s
STEPS =800

INODYCON 2021

Segond International Nonl Pynamics Conférence
February 16-




MBKIN & DYN

Kinematics
j Clearance

Multibody: Kinematic Analyis - 3.2

. — N 0.45 0.3
KI n AnaIySIS Time: 8,800 Current: 12.39 T Time: 8,860 —Current: 0.4400 Time™ 8,000 —Current: 4.338e-019
END =8 s ) 0.225 0.15
STEPS - 800 080 4.0 8.0 080 4.0 8.0
-1.0 03
Time: 8.000  —Current. -2.379 0.45 )
Time: 8,800 —Current: 0.4400 Time: 8000 —Current: -7.310e-01
225 0.225 0.16
[ 4] save Run Results | aF
— 3350 20 8.0 08% 40 8o | °8% 40 8.0
Marne: |Kin|
[~ Auto-Increment Name . +] MOT_IN_ACT_FZ X
1.2 — o
QK | Cancel | e: 8.000 —Current: 0.9797 125
1075 0.01—TFime: 3”6-0\ Cutrent.—3.049
-30.0
I}
0995 40 8.0
7236 4.0 8.0
MO 0
e —— 335.0
' 1 LEreeie KTk Cleare ime: 8.000 —Current: 245.8
Clearance Mame
Clearance Type | Geometry o Geometry | 290.0
Thrashold ,Dﬂi
) soma .
e 24580 40 8.0

J Geoimeliy

| Clearance

Seript| SM_SCRIPT_1

Syt Type| Adams/Saier Cormands B

AdargiSalves Comenands:

| Tnsars ACF commands hars:
SIFULATE/ TRANGTENT, EWDL.0, STAVS*100
PaACFIVATEROTION, ‘3e158
STEULLTE/TRANSIENT, DURATION<.0, §TAPE=700

|Fai|ure —

append ALF Comenand . <
1= NODYGON 2021
oK | Adply Segond Internatibnal Nonlin, ics Conference

February 16



MBKIN & DYN

Kinematics
Clearance

Verification

Multibody: Kinematic Analyis - 3.3

Clearance |% = .
| ﬂ Clearance Compute @

Simulation | Last_Run

Clearance Name
Clerance Tyns  [Geomenyto Goometry < [~ Treat Flexible Bodies As Rigid
Threshold [

| Geometry — OK
J Geornetry —

Apply Cancel ‘

Flap_Mechanism

Flap_Mechanism
AAA: AIRFRAME TO RIGID_FLAP

AAA : AIRFRAME TO RIGID_FLAP

121 12
—— Airframe TO Rigid_flap|_location_x —— Airframe TO Rigid_flap._location_z
120 118
118
e
1 T 117
E E
R 5
g2 2118
5 5
3 5
17
115
e v/ y
15 113
0o 10 20 30 a0 50 60 7.0 20 0.0 10 20 30 40 5.0 50 7.0 80
Time (se)

Time (sec)

Flap_Mechanism
AAA AIRFRAME TO RIGID_FLAP

0.0064
Airframe TO Rigi Distance
0.0064
T .
T
£ Ines
T 0.0084
i
5
0.0064
0.0063
0.0 10 20 3.0 40 50 6.0 70 80 NODYCON 2021
Time (sec) Segond Internatibnal Nonlinedr Dynamics C

February 16-19, 202
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MBKIN & DYN

Kinematics
Clearance

Verification

Multibody: Kinematic Analyis - 3.4

Flap_Mechanism

000

Failure Analysis
END =1s, STEPS =100
Deactivate/Motion, OutAct }

DURATION=7 s, STEPS=700 |

00

Force (wéoni)

10 20 10 o 50 80 B a0
Time (st}

Flap_Methanism

= 3800
s
™ Auto-Increment Mame
QK Cancel
s Mostanisn
i
o
Flap_Mechanism Flap_Mechanism o
0.45 03 a0 0 0 n a8 ) ) n [
e Time ey
035 025
@ 03 @ 02
c 035 —kin_failure : FlapinActP os c
=3 ! . 2015
o 02 — kin : FlaplnActPos o
Z 015 Z 01
a1
005 0.05
0o og
oo 1.0 20 an 40 A 6.0 7.0 an 0.0 1.0 20 a0 40 A0 6.0 7.0 8.0
Titme (sec) Titne (sec)
Flap_Mechanism Flap_Mechanism
0.45 0.3
UDEIg 025
03 03 —kin_failure : FlapQutactyel
‘% 025 —kin_failure : FlapOutactPos ‘% — kin: FlapOutactyel
2 a2 — kin : FlapQulactPos =R
= =
= 01s =
o1
0.05 0.os
oo 0.0
0o 1.0 20 20 4.0 a0 6.0 7.0 2.0 oo 1.0 20 20 4.0 4.0 6.0 7.0 8.0
Time (sec) Time (sec)

INODYCON 2021

Segond Internatipnal Nonlifedr Pynamics Con
February 16-19, 202
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Multibody: Kinematic Analyis - 3.5

ADVs of kinematic model:

» easyness: rigid bodies model

- allows:
*Functionality verification
*Actuator sizing (preliminary)
» Clearances analysis

MBKIN & DYN

Kinematics
N Clearance
b

Limits:

« flap not flexible

sIdeal actuation (MOTION)

* No hydrualic model (or electric...=

failure / ~
@7\

- ¢

loads evaluation

Other capabilities:

Aerodynamic forces on center of
pressure to improve sizing and

[0

\v




MBKIN & DYN

Kinematics
Clearance

Multibody: Dynamic Analyis - 4.1

ﬂ Information

|_ﬁap_mechanism

Adams/View t ;
 Existing model {

Apply ‘ Parent ‘ Children| Modify ‘I_ Verbose

Clear

VERIFY MODEL: _Flap Mechanism

* File_Name =

-~ &E FlapForcelnVec 8
. PF :

Gruebler Count (approximate degrees of freedom)
FI ap DYN Cm d g . anFn a Moving Parts (not including ground)
- ) L. Flexible_Bodys
= lACC Cylindrical Joints

Revolute Joints

Spherical Joints
Translational Joints
Universal Joints
Fixed Joints
Motions

Dynamic

= R G R R R D

Model = 81 ——

81 Degrees of Freedom for .Flap Mechanism

DOI S ere are no redundant constraint equations.

Model wverified successfully

el Modify Force =
Name ‘F\apFur:eInVec

Direction ‘ Between Two Bodies In Line-Of-Sight j
Action Body ‘inswdeidriveieye

Reaction Body ‘ins\deidriveimulur

—_— o 2 Dynamic Analysis:
FO r C eS Function | STEP(time, 0.5, -300.0, 0.6, 0.0) =l y y

« verification
Salver ID [2
St at e Var S % Fnrc Display one e ﬁ

D « Actuator sizing
] Modify State Variable ... = i V|brat|0ns, damplng

Name | FlatinActVel

o] - fail
Definition| Run-Time Expression - al u re

Fitime, ... )= |VR(inswde_drive_eye.iforce‘ inside_drive_motor jforce) J

NOD

Segond International
Feb




MB+FEM
Flexible Body
Stress&Strains.

Multibody: Dynamic Analyis —4.2 e

2
E
£
M § os
0 arison 2 T Flap_Mechanism
Kin/Dyn Analysis - \
20.0 'I
END =8 s ,

Time (sec)

STEPS =800

Flap Mechan

5.0

Acceleration (meter/sec**2)

0.0 10 20 30 40 50 60 7.0 80

Time (sec)

o —

Time (s

Flap_Mechonism
FLAPFORCEINVEC: SINGLE_COMPONENT_FORCER

- MOT_IN_ACT FX v
— —MOT_OUT_ACTFX e
teilure - FlspForcelnvecFX

Flap_Mechanism

350.0

3000

Comparison
Failure Analysis

2500

2000 1000

150.0

Force (newton)
Ferce fnewton)

2000

END =1 s, STEPS =100 1000

Deactivate/Force, OutAct o
DURATION=7 s, STEPS=700 " J
:

Time (sec)

INODYCON 2021

Segond Internatipnal Nonliedr Pynamics Conférence
February 16-1




MBKIN & DYN
Kinematics

P Clearance

b

Multibody: Dynamic Analyis - 4.3

ADVs of dynamic model:
s«real» model
*Inertia effects
*Vibrations
*Failure

*Disturbances
>
/ alf

Other capabilities:
«Aerodynamic forces

* Hydraulic or electric or other/ %

Issues:

* increase of complexity,
parameters, effort

*Requirement of more knowledge of
physics

model of actuators




MBKIN & DYN

Kinematics
Clearance

Verification

Multibody: Failure example - 4.4

Pdams Time= 0.0000 Frame=001 pdams Til

retr_fa  Time= 12.3600 Fram

flap_c27jmod6 Time= 0.0000 Equilibrium Frame=001

INODYCON 2021

Segond Internatipnal Nonlifedr Pynamics Con
February 16-19, 2021
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Asse
Modeling

Multidiscipline analysis

f(

MB KIN & DYN

Adv. Kinematics
5 Clearance

CAD =) MB
Assembly

Modeling s
Geometry

Flexible Body
y Stress&Strains

oads i

MB + Controls

Actuator
»  Hydraulics
Co-simulatiogﬁ_w

» Aerodynamic Loads

|

\*' Full System
/

“»,g G&:

B e
OO o

eEn O
/f'




MB+FEM
Flexible Body
Stress&Strains

MSC Nastran - Adams

Meshing

et Patran®

Studant Editian

NODYCON 2021

Segond Internatibnal Nonlin namics Conference

February 16




MB+FEM
Fiexible Body
Stress&Strains.

" Coass

‘>

MSC Nastran - Adams

Analysis

Analysis | Solution Type: |
S MSC Nastran o —————— -
5 Solution Type W@ MSC.Adams Input Parameters —
= Hormal Hodes Souton Parameters
Finite Elements. | D p——
- - Analysis Solution Type ADAMS Qutput: MNF Only ~
Interface O ET— |
. AT m O LINEAR STATIC | [ Units... ] J
Object: DOF List ¥ ) NONLINEAR STATIC [¥] Automatic Constraints
n Odes Object:  [Entire Model 7 ) NORIAL MODES ClsoLcon Cralg Sampton Modes Bounds
O BUCKLNG un Lower Bound
Analysis Preferences: | Method: Analysis Deck ¥ ) COMPLEX EIGENVALUE Residual Vector Computation Upper Bound
Code: MSC.Nastran T
Type: Structural 8 FRELIETE REREISE Shel Normal Tol. Angle =
TRANSENT RESPONSE
Mum. Shapes to Adams 11
- M Calculati
DOF List Name Code: MSC-N“”H ©) NONLINEAR TRANSIENT ass Caleulation e —
) MPLICIT NONLINEAR Data Deck Echo:
Type: Structural
P ©) DDAM Solution ErpEEE
Available DOF Lists Plate Rz Stiffness Factor = 1000 Create .out{OP2 file) for MSC.Fatigue
Interface Nodes Selecl ASET/QSET.. )
Waximum Printed Lines = A —
Available Jobs x| F EE AT
Creazione._File_MN [[] interactive Modal Analysis Maximum Run Time = Output Requests
j ﬁf@ -_ Wt -Mass Conversion = 1.0 GpStrain
: Solution Parameters. .. CpStress
Degree of Freedom List Node id. for Wi. Gener. = 0
Nodes DOFs SOLEN SequencEg Defautt Initial Temperature =
. Rigid El it Ty
m Node 100001:100006 UX,UY,UZ,RX,RY,RZ Job Name } 1 igid Element Type: Transfer Groups t ADAMS
Creazione_Fi._h Cancel | Maxp-Adaptive Cycles = 3 EENT[NE . =
Unselect Al ! UTH E omponen J
o Descrfion (T ; T ——
WMSC. Mastran job cigated on 09- LEADING EDGE B
Aoply- Jun-12 at 10:00:43 A LONGHERONE -
suame
@ create O Modity (O Delete LABEL | | o | [[pefauts | [ _camce ]

Mode List T

=== | omodedofezzs [
DOFs [ Select Superelements ] + K=z
| v ] 10 dynamic modes Lengtr «
[ Subcase Select... ] + Time:
1 modal load
. N

47 modi free-free

Apply ] [ Clear ] [ Cancel

INODYCON 2021

Segond Internatipnal Nonlihedr Pynamics Confé
February 16-19, 2021
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MB+FEM
Flexible Body
StressaStrains

MSC Nastran - Adams

Analysis

Analysi & Direct Te @ Direc ON Output Requests T
SUBCASE NAME: Default Select Group(s SET
Analysis | Buik Data Section Case Control Section SOLUTION SEQUENCE: 103 ALTEN
: _ CENTHE
) - E(]L:;ds igr Lulsd CEfE : c»';RIco STATICO [zgsAvDEE (T;D[NRL) =¥ES FormType: FLAR COUPLETO
Action: Analyze S . ) = LEADING EDGE
§ Nodal Forces of Load Set : Forze_Nodi_Estremi
FORCE 77 0 5 0. 0 L et Resut T
N = FORCE 1 1017 0 .5 0. 0. 1. elect Resul Type
Object: Entire Model A ¢ Nodal Forces of Load Set : Forze_Nodi_Interri Element Forces !
ORCE 3 73 0 1 0. 0 1 Element Strain Energies Options.
FORCE 3 789 0 1 0. 0. 1 ment Strains. Output Coord:
Method: An ﬂb‘sis Deck - FORCE 3 795 0 1 0. 0. 1 in Coord 0
||FORCE 3 801 0 1 0. 0. 1 Grid Point Force Balance: B
FORCE 3 807 0 1 0. 0. 1 Eigenvectors
FORCE 3 6813 0 L 0. 0 L e Rots Valume Output Princpal ¥
FORCE 3 68189 0 L 0. 0 L ~
FORCE 3 825 0 L 0. 0. L Fiber.
Code: MSC.Nastran Normal
Nastran System Cell Section 7 system)| Nastran System Cell Section £
File Management Section V1 FME Writ, File Management Section v Qutput Reguests. X-Axis of Basic Coord:
Type: Structural Executive Control Section V1 EXEC Wit Ecutve Con G STRESS(PLOT SORT1,REAL VONMISES, BILINj=All FEN PAR
e ontech 7 case i ) EcroRte o AT nered
Toleranc 00
P OK Clear - T
Available Jobs o [ ) [ ) [ ] [ Qe e B oy Rl e
Creazione_File_MNF m m =] m )
Solution Sequence: 103
. REAL EIGENWVALUE EXTRACTION
I Extraction Method: Lanczos
Job Name Freguency Range of Interest DidEriais
Creazione_File_KMNF Lower = pp——
L = .
Job Description (TITLE) = iDCase Select 7R
N Upper = [uaser
MSC.Nastran job created on 05— Subcases For Solution Sequence: 103
e defaultload case that always appears
Jun-12 at 10:00:43 Subcase Name
Default nn CARICO STATICO
= Estimatest Humber cf Roots = 100
Available Load Cases B
Number of Desired Roots =
SUBTITLE
Diagnostic Output Level:
LABEL

Translation Parameters...

Solution Type...

Direct Text Input...

Select Superelements...

Subcases...

Subcase Select...

1

Results Normalization

[

Hor Method:

Mormalization Point =

| Subcase Parameters

Output Requests.

Mormalization Component:

I Direct Text Input.

1w

10 dynamic modes

'
O Select Al O Unselect All

Subcases Seleced.
Default

Select Explict WPCs.

Apply

Cancel

Mumber of Modes in Error Lnalysis =

Default Load Temperature =

[ Contact Table...

o

[

Cancel

INODYCON 2021

Segond Internatipnal Nonliedr Pynamics Confé
February 16-19, 2021




MB+FEM

MSC Nastran - Adams i,

Q

$ MSC.Nastran input file created on January 26, 20828 at 17:56:56 by CBAR 1760 4 1588 1589 8. a. 1.
$ Patran 2019 (Student Edition) ..
$ Direct Text Input for Nastran System Cell Section CBAR 1789 4 1628 1621 e. 8. 1.
$ Direct Text Input for File Management Section CEBAR 1799 A 1621 1622 e. 8. 1.
$ Direct Text Input for Executive Control Creation Offi’e MNFfiIe % Referenced Material Records
I.Lmal_ﬂﬂdﬁ_&wﬂe . % Material Record : Alluminio
S0L 183 I . i % Description of Material : Date: ©89-Jun-12 Time: ©1:22:33
CEND MAT1 1 7.+10 .33 2700.
$ Direct Text Input for Global Case Control Data % Multipoint Constraints of the Entire Model
RESVEC(NOINRL) = YES 4 ID conflict : the PATRAN MPC ID was 1
LOAD = 2 i RBE2 1791 100801 123456 1457 1458 1459 1468 1587
TITLE = MSC.MNastran job created on 22-Jan-28 at 28:54:54 $ ID conflict : the PATRAN MPC ID was 2
ECHO = NOMNE
21#512% Nastran default walues for RESVEC $ ID conflict : the PATRAN MPC ID was 8
| ADAMSMNF FLEXBODY=YES, FLEXONLY=YES, PSETID=1 |€_‘| RBEZ EEE i?ggatﬂ 32256 1242 1543 1544 1345 1555
e L oeralt $ lNodes of the Entire Model 11 modes including 1 Residual
$ Direct Text Input for this Subcase GRID 1 12.18413-1.] Vector
METHOD = 1 GRID 2 12.18413-1.
VECTOR(SORT1,REAL)=ALL 10d . e
SPCFORCES(SORT1,REAL)=ALL ynamic modes GRID 108085 11.5824 -3.608451.1383
OUTPUT(POST) — GRID 108086 11.7682 -3.683621.2192
$ Elements (and connectors) for group : FLAP COMPLETO $ Loads for load Case : Default
SET 2 = 1 THRU 1789,179@ SPOINT 18eee7 THRU 1eee17
BEGIN BULK QSET1 1808087 THRU 108017
MDLPRM  HDF5 8 ASET1 123456 190681 166602 100083 100004 100065 1006086 |€—-|
PARAM  PRTMAXIM YES % Referenced Coordinate Frames -
Lotz UNITS 1 KG 1 M | s $ Direct Text Input for Bulk Data 6 interface nodes =
(EIGRL 1 (_E)?? o MASS $ Loads for Load Case : CARICO STATICO .
$ Elements and Element Properties for region : Pannelli LOAD 2 1. 1. 1 1. 3
PSHELL 1 1 -6e4 1 1 % Nodal Forces of Load Set : Forze Nodi Estremi
$ Pset: "Pannelli” will be imported as: "pshell.l" FORCE 1 777 2 .5 a. a. 1.
CQuAD4 1 1 1 2 1 le FORCE 1 1817 @ .5 @. 8. 1.
cQuapa 2 1 2 3 12 1 % Nodal Forces of Load Set : Forze_Nodi_Interni
cQuapa 3 1 3 4 13 12 FORCE 3 783 8 1. 0. e. 1.
FORCE 3 789 8 1. 8. 8. 1.
CTRIA3 1461 3 1445 1451 1426
CTRIA3 1462 3 1451 1445 1448
$ Elements and Element Properties for region : Elementi_1D FORCE 3 1005 0 1. 9. 0. 1.
PBARL 2 1 ROD FORCE 3 1811 8 1. 8. 8. 1.
99635 ENDDATA 59f4f666
$ Pset: "Elementi_1D" will be imported as: "pbarl.4"
CBAR 1759 4 1587 1588  @. a. 1. Modal Force

NODYCON 2021
Segond Internatipnal Nonl Pynamics Conférence
February 16-



MB+FEM

MSC Nastran - Adams i,

Q

REAL EIGENVALUES
(BEFORE AUGMENTATION OF RESIDUAL VECTORS)

MODE  EXTRACTION EIGENVALUE RADIANS CYCLES GENERALIZED GENERALIZED
NO. ORDER MASS STIFFNESS
1 1 2.836929E+05 5.326283E+02 8.4770943E+01 1.000090E+00 2.836929E+05
2 2 7.074947E+05 8.411270E+02 1.338695E+02 1.000090E+00 7.874947E+05
9 9 1.626282E+06 1.27525 REAL EIGENVALUES
16 18 1.641885E+46 1.28134 (AFTER AUGMENTATION OF RESIDUAL VECTORS)
MODE  EXTRACTION EIGENVALUE RADIANS CYCLES GENERALIZED GENERALIZED
NO. ORDER MASS STIFFNESS
s 1 1 2.836929E+05 5.326283E+82 8.477843E+01 1.000000E+80 2.836929E+05
A NASTRAN/ADAMS INTERFACE DMAP INFORMATION MESSAGE: 2 2 7.074947E+05 8.411270E+82 1.338695E+02 1.000000E+80 7.074947E+05
Ann READ MODULE IS BEING USED FOR A-SET ORTHONORMALIZATION 9 9 1.626282E406 1.275258E+83 2.029635E+02 1.000000E+80 1.626282E406
e 10 10 1.641885E406 1.281360E+83 2.039348E+02 1.000000E+80 1.641885E406
** USER INFORMATION MESSAGE 5458 (REIG) 11 11 4.005155E+06 2.091288E+83 3.185149E+02 1.000000E+80 4.005155E+06

QL HOUSEHOLDER METHOD IS AUTOMATICALLY SELECTED .

o NASTRAN/ADAMS INTERFACE DMAP INFORMATION MESSAGE:

aan | DURING A-SET ORTHONORMALIZATION,
aanc A TOTAL OF 47 MODES WERE FOUND
aan | QUT OF A POSSIBLE 47 -

REAL EIGENVALUES

MODE EXTRACTION EIGENVALUE RADIANS CYCLES GENERALIZED GENERALIZED
NO. ORDER MASS STIFFNESS
6 nodi-6 dofs = 36 1 1 -1.344368E-87 3.666562E-84 5.835514E-85 1.608000E+0 -1.344368E-87
2 2 -7.663624E-88 2.768325E-04 4.485926E-85 1.808060E+00 -7.663624E-88
+ 3 3 -2.717132E-88 1.648373E-04 2.623466E-85 1.808000E+00 -2.717132E-88
10 modes 4 a4 5.208844E-08 2.282289E-04 3.632376E-05 1.200000E+00 5.208844E-08
5 5 9.7082277E-08 3.114848E-04 4.957434E-85 1.808000E+00 9.7082277E-08
+ 6 6 1.967302E-07 4.435428E-84 7.859203E-05 1.808060E+00 1.967302E-07
1 modal load 7 7 3.9208568E+05 6.261437E+82 9.965387E+01 1.800000E+00 3.9208568E+05
= 42 42 5.841897E+08 2.245417E+04 3.573692E+83 1.808000E+00 5.841897E+08
. 43 43 5.132132E+08 2.265421E+04 3.685529E+03 1.608060E+00 5.132132E+08
47 modi free-free 44 44 1.439797E+09 3.794465E+04 6.839079E+03 1.800000E+00 1.439797E+09
45 45 1.462010E+09 3.823624E+04 6.885486E+03 1.608000E+0 1.462018E+09
46 46 6.897180E+09 7.808444E+04 1.242752E+04 1.808000E+00 6.897188E+09
47 47 7.726424E+409 8.790008E+04 1.398973E+04 1.608060E+00 7.726424E+09

INODYCON 2021
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Multibody: Flexible Body — 6.1

‘Rigid to Flex

alignment | Connectizns |

Current Part | Rigia_tap
MINF File =] [nap_ml.rant
Index in DB |

Flex Bady Positioning
Align Flex Body CM with OM of Current Part |

Load

Flip about

X s, Y axis I axis

Launch Precision Move Panel |

3 Point Method |

View Parts Only View Topology [~ Copy original part

d body for a

oK Apply Cancel

VERIFY MODEL: _Flap Mechanism

-

ok N W R e M 0D

Grusbler Count (spproximste degress of freedom)
Moving Parcs (not including ground)

Flexzible Eodys

Cylindrical Joints

Revolute Joints

Spherical Joints

Translational Joints

Universal Joints

Fixed Joints

Hotions

79 Degrees of Freedom for .Flap Mechanism

There are no redundant constraint squations.

Model werified successfully

Alignment | Connections \
Update table | Reset table | £ s Finder
Marker Managment
Mode ID 1 Apply | Markerlocation  Moveto node | Presenve expression| Presenve location |
Number of digits |2 SotBy  |Comnections  ~
Marker [connestions [Noge 10 [interface [Relative Location [Distance [ Move |~
1 [eyl_outslider Flap_Mechanism flap_oth 2644 - -000,000,0.00 000 move
2 [uni_out_eye Flap_Mechanism flap_oth3778 - 000,000,000 000 move
3| out_bot_rol |.Flap_Mechanism.flap_ot»2623 - 0.00,-0.00,0.00 000 move
4 [cyl_inslider Flap_Mechanism.flap_in2561 - 0.00,0.00,0.00 0.00 move
5 [uni in_eye Flap_Mechanism.fap_in #3779 " 0.00,0.00,0.00 000 move
6 Flap_Mechanism.lap_in » 2602 g 0.00, 0.00,0.00 0.00 move
7 6365 - 0.00,-0.00,0.00 000 move
8 6366 " 0.00,-0.00,0.00 000 rmove
U E=n 5 Erar o "H
View Parts Only | View Topology | I~ Copy original part oK apply | cancel |

\-_
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Model

Dol Wt Mo
EraeFplgpmas Weser

Ex

[up Evae [y & -|

nbasn Tane

MB+FEM
Flexible Body

Stress&Strains
" Loads

A Flexible Body Mo dify

Flexible Body | Rigid_flap_flex
Damping Ratio  [(n0ne) JD defaut

Daturn Node W LBRF

Gensralizsd Damping [ Of -
Location | Pasition 1G5 | Velocity ICs | Modal 105 |
Mode Number | (none) of &3 [
3 [ Superimpose

 Enable @ Disable range auto |=—

Frequency

Cycles

Graphics Inertia modeling
M Full graphics  Rigid body
" Constant
I~ Outline
@ Partial coupling
Plat Type|Both ~|| | Full Coupling
¢ Custom

Maode Filter

Deformation Scale Factor

] J
| ox

[ —

| ety | cancel |
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MB+FEM
Flexible Body
Stress&Strains.

Multibody: Flexible Body — 6.2 e

Fiap_Mechanisrm
000

Flexible Body ‘ Flex_flap CO m parISO n o !
L Darnping Ratio | (nane) ;IV default l ng/FleX An alyS|S . o W
Tratarn mode I WoronT END :8 IS % a0 ’
Generalized Damping |Oﬁ' j B “
Location | Pasition ICs | Welocity ICs | hodal ICs | STEPS - 800 N
Mode Number | (none) of 83 +
Frequency \
Cycles ™ Superimpose o o]
" Enable & Disable range auto Ia—
Graphics Inertia modeling
V¥ Full graphics © Rigid body i . —
— @ " Constant " Partial coupling Comparlson
t . ) . .
o @ [Pt iy aukaling Failure Analysis
Plat Type| Both j " Full Coupling & Custom 3 o a0 &0 To o
o
Mode Fitter [ || Custem END =1s, STEPS =100
Deactivate/Motion, OutAct
Defarmation Scale Factor 1.0 DURATION=7 s, STEPS=700
Kl _ -+ -
130_Methanism
000
[ﬁ}ﬂ QK | Apply ‘ Cancel | _tailure | MOT_I
000 =
g 2000
H
- Flap_Mechanism e
—km \_failure ; crm_y
23778 | ——dvn failure - cm_y oo
il
i
R < I : |||| |||| !III|||| I" |||II ﬁ'l‘l“ '!, lv e 'y’ AN A r s A o e el
5 | I W it Flap_Mechanism
Darmping Ratio JI’ deflult E 2378 : : :ll:h: 3500
S BT 3 g : “ ) || . o
23781 I U 2500
*Dampin 5
amping o}
values, '
. 1500
comparison
20 a0 40 a0 B.0 7.0 8.0 !
Tite (sec)
500
0o
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Time fsec)
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CFD: Aerodynamic Force (notes) 7.1

& Cradle

MS@\Soﬂware Company

SRR N

Pressure [Pa]
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CFD: Aerodynamic Force (notes) 7.2 ¢

PLOAD

—> OCradle —>|orce

MS7\Soﬂware Company

a
B
Lo}
Mach

SUBCASE 1
LABEL= Mach=0.350000, Alfa=8.000000, Beta=0.000000, Delta=0.000000
LOAD =1

Many config |=—>

v

‘NASTRAN ‘

Aero Map Scaling factors
FUNCTION OF:

JEY S [
1 1
1 1

ADAMS
MFORCE

MNF with
Modal Loads




Aerodynamic Loads
Full System

p>

Multibody: FlexBody and Aero Forces — 8.1

+1Swap aflexible body for another, flexible body.

Alignment | connections |

Flexible Bady [ Flex_flap
MINF File =] [ap_force.ranf

Index in DB ] Load

Flex to Flex

Flex Bady Positianing

-
=l Align Flex Bady CM with CM of Current Part ‘ Flip about % aels ¥ axis 7 axis
-
t. | Launch Precision Move Panel |

3 Paint Method |

View Parts Only | View Topology oK Apply Cancl

Alignment  Connections

Update table | Reset table

Marker Managment

Hade ID [1 Apply | Markerfocation  Moveto node | Preserve expression| Presers location | ‘%
Number of digits [ 2 SatBy  [Connections . O a O rce

Markar [ Connections Old node | Intertace | New node | Intertace_| Old rel lac L
1 |cyl_outslider Flap_Mechanism.flap_ouk 2644 d I 0.00,0.00, 000
2 |uni_out_eye Flap_Mechanism fiap_oLk3778 " " 0.00,0.00,0.00
3 |fx_out_botrol | Flap_Mechanism.fap_otb2623 - - 0.00.0.00,0.00
4 |cyl_inshider Flap_Mechanism.fiap_in» 2581 . o 0.00, 0.00, 0.00
5 |un in_eye Flap_Machanisr fiap_in) [ - 0.00,0,00,000
B |tr_in_bot_rol Flap_Machanism flap_in » 2602 u u 000,000,000
7 |is2 B365 " " 000,000,000
8 |in 6365 - - 0.00,0.00,0.00
2 |isfd E364 - - 000,000,000 -
o ] JJ

#|Create Modal Force

ViewParts Only | View Topolagy oK soply | Cancel Force Mame |.FIap_Mechanism.MFORCEj
Flexible Body [ Flex_flap

Reaction Part |

Define Using |Funch0n

SC a'I e : Load Case | deployment loadsO j
_f(ti m e) Scale Function |1| J
£(& flap)

A | Function Builder

step{dz{Flap outside_drive motor.ref,Flap outside drive eye.ref,Flap outside drive eye.ref),
lo.44,1.0,0.0,0;

*{1.0+shfitime,0,0.25,20.0,20d,0.25)*scepitine,5.5,0,6.0,1)) —f(rOt Spol I er)
-f(speed)
-f(Mach)

Ok Anply Cancel
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Aerodynamic Loads
{;ull System

Multibody: FlexBody and Aero Forces — 8.2

Flag_Mschanizm

Body Modify 25000

Flexible Body ‘ Flex_flap CO m parISO n -

L Damping Ratio [ (none) ;IV default l ng/FleX An a|ySIS ; -
'?WIFU:ED ‘ = oo END :8 S
eneralize: ampmg| J STEPS - 800

anat\nn| Fosition [Cs | Welocity ICs | Modal ICs |

10000

Force (nawion)

5000

Mode Number | (none) of 83 I_'_"‘

Frequency ‘
Cycles 3 [T Superimpose

" Enable & Disable range auto E

4
Tirme (sec)

Flap_Mechanism

23779

Graphics Inertia modeling
—dyn_aerod : cm_y
“ Rigid bod
¥ Full graphics ] ¥
" Constant " Partial coupling 278
[ Outline - -
" :Partial coupling aunlino
Plot Type| Both j " Full Coupling & Custom % e
s =
Maode Filter | Gl L
Deformation Scale Factor 1.0
-2378
Jl ] I

@ QK | Apply ‘ Cancel |

Time (sec)

Comparison
Failure Analysis with and
w/o aerodynamic force
END =1 s, STEPS = 100 \
Deactivate/Motion, OutAct Fiag_Mochaniem

DURATION=7 s, STEPS=700
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40
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MB+FEM
Flexible Body
Stress&Strains

Loads

* Plugin Manager

Nams Load at Startup
[dams/Car Platting - ves I Yes
-
Du rab I I It adams/Controls I ves I ves VD”M‘:T:'SE;; 2
adams/Durability v Yes I Yes 3.06E+008
.
AdamsiMechatronics I~ Yes [~ Yes 2.73E+008
Adamsvibration I~ Yes I~ Yes Rl 2 38E+008
Description: | Allows you to compute stresses or strains on componsnts, 204E+008
intetface to fatigue lfe prediction programs, and replicate
physical durability testing with your Adams model 1.7E+008
1.36E+008
Output to
Viersion [ Adams 2012 5.8E4007
.
Nastran: MDF poer [0 Sovere
. J4E+007
Licenses: |0 availabla / 0 total o

0K Agply | Cancel |

ON MISES Hot Spots for Flex_flap Date= 2012-06-10 16:57:00
NASTRAN Modal Expol X P Mep
Model= Flap_Mechanism | Analysis= dyn_aerad Time =0 to 8 sec
Flexible Body ‘ Flex_flap Top 10 Hot Spots Abs Radius= 0.0 meter
Hot Spot Stress Node Time Lacation wri LPRF (meter)
Qg (2 ‘ recoven] # | (newtonfmeter=2) | i (sec) X ¥ 3
Eils Faren & Output2 © Punch 1 3.40147e+008 624 738 | 11754 | 300038 | 122995
2291314008 E) 738 118031 |-169526 | 1.19265
" Modal Coordinates © Linit Matrix 2AB47Te4008 | 3752 738 118031 |-1.70488 | 119085
2045568 4008 3753 738 118031 |-1.71465 | 1.19269
Analysis |dyniaemd 2.01006e +008 755 738 18031 [1.72638 |1.20656
1925388 4008 3754 738 118031 |-172284 | 1.19639
Qutput Tirne: Start End 167895¢+008 3702 738 (118031 [305118 [1.19088
& ,57 ! - A 1529998 4008 301 738 118031 | 304148 | 119265
I Steps inhetween outpurt steps 152164008 3703 738 1803 | 306085 |1.19269
W B 16 e 1.50968% 4008 3623 738 117493 | 30003 | 122545
™ Include modal velocities
Flap_Mechanism Flex Body | Flex_flap Rativs [oo
Ok Apply ‘ Cancel ‘ ——Flex_flap_STRESS.node_3624_VON_MISES Analysis [ dyn_aerod [Count |
Type [Von Mises ~|[stress <] Sort Order [Absolute |

File Format HTML ) File Name

Stresses Plot

EI N Y Y

Base Font Size - Bepor | Close |
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MB+FEM
Flexible Body
Stress&Strains

Multibody: Fatigue Analysis (notes) — 9.2 e

xport

Flexible Body ||
Job Name

Maodal Coordinates

Analysis | dyn_flex_fast
Output Time: Start End

Run MSC. Fatigue

<

T

Run Command | patran
MNew w|Patran DB . Landing (8mm wall)
External Nereor [ Material » Loads & Stresses (from b Sl S
Inputs Nasrn 02 Data MSC.ADAMS)

&

»Modal coordinate time

oK Apply | Cancel t
|

[ . .
> Dynamic Modal Stresses & Fa histories
Simulation Modal Responses Methouuiugy ~42 modes (0-1000Hz) P N e » Quenched & tempered low alloy wrought ste
EE-Eatigue t »Modal stresses cangooecniucce s »826M31 ‘ Strain Life Plot

4 Ef: 0.0
5043 Ef: 0.91 ¢

Fatigl N — W‘N‘N\N‘____‘ rcy=800MPa
A andingDO8_Ch 12 - Mode 12 Q > L
Life UTS=1200MPa
U_“ﬂm T »300M
» 0,=1500MPa
» UTS=1900MPa

Mode Shapes &
Modal Stresses

Optimization

SAD

Combine multiple MSC.ADAMS analyses

Run as single fatigue analysis

» Fatigue Results Summary
File Event Job Options Results Help
. ¢ Life (missions) | Life (missions)
Add | Edt(Fres) | Delste | ToggieEdtmode | cancal | Wall thickness | Material | =\ 10 979 Node 12453
Status. EventiD ] Event Typa | Extension | Repeats | Include Event Elapsed Analysis Time 00:00:22 Estimated Time Remaining 00:06:32 e ian D e Sanci Fy— 2o = 3178
Results Status Besuts | Speus | ¥
[Results available 2 landing DAC  dac 1 & I l . Case2 8mm 300M 3207 27605 Target |._If€
Node Life (iandings) |Demage i o Case3 24mm 826M31|  3.269e7 1.234¢6 12,000 miss,
1 97 3208 3.11753E-4 Masmum demage: ANTEHEA
[2 | 946 3419 2.92444E-4 S faures 0 Cased 24mm 300M >2e8 >2e8
3 1011 343 2.91449E-4 Consecuive zero damage values: 13619 oy = mp——
S | RenkingOn
« | o | [e] 380 3614 276729E-4 e A
Coloulate | Partii FeCalculate | Re-Sumiie aworios | | [5] 895 3677 27193E-4 Node 12453
6 947 3702 2.70139E-4 4
17| 894 3939 250081E-4 H Node 979
e | 948 4195 23832764 H
19 | 1003 4634 2.15789E-4 5

85
L * Complote :

ARRNRRERRRNRRNRNRRRRRRRRNNN (0% Help
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MB+FEM

Flexible Body
h Stress&Strains,

Multibody: Co-simulation MB-CFD - 10

Last Run Time= 0.0000 Frame=0001 Last Run Time= 0.0000 Frame=0001

Last_Run Time= 0.0000 Frame=0001

fo (G_Quadratic

O 2021
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Multidiscipline analysis

- r’
CAD = MB MB KIN & DYN MB+FEM
Assembly Adv. Kinematics Flexible Body
Modeling s 3 Clearance  Stressé&Strains

Geometry

oads i

MB + Controls
Actuator
»  Hydraulics
o-simulation

» Aerodynamic Loads
8/

3 Full System
/




o
Actuator

Multibody: Actuator — 12.1 e

Mame FlapForcelnvec 'f d | S
Re p | a_C e m e n t Direction iBetween Two Bodies In Line-OfSight | % -f gve I )p)
S FO R C E to E Reaction l.andy Iinside._drive_mnmr : _ .I:(tl m e)
MOTION Funten [sTEPtime 05, 30.08.00 .| -BISTOP to model
Solver ID E Stopper

Force Display |N0ne j

@ QK ‘ Apply| Cancel

‘ DEACT MOTION ‘

|4 Flexible Body Modify X)

Flexible Body |F\ex7ﬂap

Damping Ratio | (none) JIU default

Datum Mode W LBRF

Generalized Damping | Off -
CO m p arIS o n Location | Position ICs ‘ “elocity ICs ‘ Modal ICs ‘
Verification Rig/Flex Analysis ods b [fare) o [

Freguency |
END =8 S FEEHE) RIS Cycles ’3_I— Superimpose =t
STEPS = 800 " Enable & Disable range auto @

Graphics Inertia modeling

v Full graphics " Rigid body

I~ Outline %J

" Partial coupling

" Custom Plaot Type | Both 3

hode Filter

Constant

-
& [Partial :ouplmg‘
 Full Coupling
-

Custarn

Deformation Scale Factor

K| - 2+

& "
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rcent
Actuator

Hvdraulics

Multibody: Mechatronic — 12.2

Definition of
control E— et simulation

g SURY

Salenaid Respanse P Controller

system In .- —af
EASY5 = . o)

Foedorfice (VI Dirte Shaft

Mator ! To_seanz_su|"

Interactive Sim

an_Fos |

Vo Vaive:
(s pressure stats)

™
[
__________ | =l

Dummy
Multibody o ' S
model

sermd Lot P

e e T e |
‘ ' Cl 4 g o

Verification: i e I - ]
Model =  flap L)
semplice '\ ETE—rr—
No flexibility . | e
No aerod. R s e
No visualization o , e

. s, s oo 1 5 v || 25 PO =l |
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Multibody: Mechatronic — 12.3

Definition
Control Plant:
Input/output
signals
Actuator with
Input = State
Variable
Variable with
FU=0 because
Values are
assigned from

Control System

Output=pos,vel
in/out

nnnnn

R~ Modelling
e Control
at |
= E— System with
Adams Block

sssssssss

T

Verification/

- Controls A

Actuator

Hvdraulics

Co-simulation

Comparison

Cosimulation
RIG / FLEX




Multibody: Mechatronic — 12.4

DLL export from
EASY5

Plant Import and
GSE creation in
Adams/View

VOParam

o n
spstom ey a st
cdbcns s o
by spoctyrg a0
h
¢ s
-
v

Analysis with
Adams/solver
and GSE

Y

Verification




MSC _ASoftware
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