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• 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 EASY5: 

– Mechatronics

• Multibody – FEM: 

– Durability,Stress Recovery 

– Fatigue analysis

High-Lift Device (Flap)
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EASY5
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Actuation Systems
• Mechanisms

• Hydraulics

• Electric motors/drives

• Aero flight loads

Avionic Systems

• Control laws

• Digital computers/buses

• Auto-code generation

• Real-time simulation

Actuation Systems: FCS
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Flight Controls: MultiDisciplinary Systems

➢Flight 

Loads

➢ Structures

➢ Vehicle

Dynamics
➢ Electro-

Hydraulics

➢ Mechanisms

➢ Control 

Systems
Complex systems !

- In the past developed 

separately

- Integrated and physically 

tested at the end of 

development phase

- Very costly to correct problem



MSC Software Confidential 

Industry Process:“Iron Bird” Physical Testing

Components

External LoadsControl System

Kinematics & Dynamics

Iron Bird (skeleton aircraft):

Systems Integration

& Functional Test

Real-time

Actuation
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MSC Flight Control Tools

Nastran

PatranEASY5

Hydraulics &

Control Systems 

ADAMS

Flight Loads

MSC.FlightLoads

Structural 

Dynamics

FlightLoads

Mechanism

design
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MSC Flight Control Tools

• Reduce risk & cost

– uncover problems earlier in flight 

controls design process before Iron 

Bird testing

• Improve quality

– Better validated flight control 

systems before flight tests

• Integrate multi-disciplinary tools 

improve product development
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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 flexible body dynamics

Interfaces with CAD, FEM, ControlSystem,….

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
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MSC.EASY5

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 –

Flight Dynamics – Thermal Controls

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
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MSC.Nastran (Patran as pre-post)

•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



MSC Software Confidential 

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
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Multidiscipline analysis

MB+FEM
Flexible Body

Stress&Strains

Loads

CAD         MB

Assembly

Modeling

Geometry

MB KIN  &  DYN

Adv. Kinematics

Clearance

Verification

Actuator

Hydraulics

Co-simulation

MB + Controls CFD+FEM+MB

Aerodynamic Loads

Full System
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CAD – Multibody: Geometry Import/Export

Unigraphics

Solid Edge

SolidWorks

CATIA V4/V5

ProEngineer

AutoDesk

Import and Export of CAD geometry:

•STEP

•IGES

•Parasolid

•STL

•DWG
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CAD – Multibody: CAD Interoperability

DIRECT Import and Export from CAD  geometry:

•CATIA V4 and V5

•Pro/E

•SolidWorks

•UG NX

•Inventor

•ACIS, VDA, ecc.

Advs:

•No need to use neutral format

•Direct import of full assemblies, creating rigid 
bodies, assigning inertia

•More accurate geometry if needed
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Kinematic & Dynamic Analysis

•Direct Kinematic:

o Applied Motion evaluatin

o Motor Torque and Actuator force evalutation, considering
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
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Multibody & Finite Element Analysis

•Dynamic Analysis with Flexible Bodies:

• Effect of fully flexible model

• Structural loads

• Errors

• Vibration

•Deformation

•Stress & Strain evaluation

•Durability and Fatigue Analysis

Modal

description

FEM model
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Multibody & Control Analysis

•Mechatronic analysis

o System control

o Hydraulic/Multibody system interaction

o Realistic Actuator modelization

o Cosimulation
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Multibody & Control Analysis

• EASY5: rich component libraries

o hydraulics

o pneumatic

o electric
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Flight Controls ADAMS/EASY5 Integration

EASY5 hydraulic control system model embedded in ADAMS flight 

control mechanism model
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MB+FEM
Flexible Body

Stress&Strains

Loads

CAD         MB

Assembly

Modeling

Geometry

MB KIN  &  DYN

Adv. Kinematics

Clearance

Verification

Actuator

Hydraulics

Co-simulation

MB + Controls CFD+FEM+MB

Aerodynamic Loads

Full System

Multidiscipline analysis
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Flap model: Requirements - 0.1

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

geometrical requirements

I.e: defining coordinates of point A (LE Flap) for 

• TO θ = -18º

• LDG θ = -33º 

means geometric constraints for coordinates XA , YA 

𝒙𝑨 −𝟏𝟖, 𝒚𝑨 −𝟏𝟖

𝒙𝑨 −𝟑𝟑, 𝒚𝑨 −𝟑𝟑
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Flap model: Objectives - 0.2

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

▪ It 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)

▪ Identify all valid configurations to allow different solutions

▪ Show and justify all not valid configurations
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Flap model: Configurations - 0.3

B B

C

C

D

Option 1 with variants 

Rear Link +  Straight Track
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Flap model: Configurations - 0.4

Option 2 

Fore Link +  Straight Track

A

B

B C

C

D

Option 3  and 3bis

Fore Link +  Rear Link/Fore Link
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Flap model: Configurations - 0.5

Option 2 

Fore Link +  Straight Track

A

B

B C

C

D

Option 3  and 3bis

Fore Link +  Rear Link/Fore Link

Opzion 4

Curved track
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Flap model: Configurations - 0.6

Option 5 

6-bar Linkage  
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Flap model: Kinematic mechanism - 0.7

• Preliminary Design: choice of the kinematic mechanism:

– Import from CAD of the simplified flap geometry for:

• Get geometrical information for bearing and link position and interferences

• Get/define flap trajectory for extraction and retraction at UP, TO, LDG

– 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

– 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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Flap model: Kinematic mechanism - 0.8
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Flap model: Import 3D CAD –1.1

Flap System

• Inboard flap

• dual screw drives

• driven by hydraulic, electric or 

hybrid motors
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CAD – Multibody: CAD Interop. - 1.2

Adams/View

• Existing model

• File_Name =
Flap_CAD.cmd

Mass/Inertia/

CM from CAD

or User

FLAP

Shl files

STEP file

Parasolid files

Markers for
connections (joint,
force) already
derived from CAD
coordinates)

SPOILER

AIRFRAME

CURVEs,
MATRICES
already included
(from CAD)
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CAD – Multibody: CAD Interop. - 1.3

IN SLIDER

OUT SLIDER OUT BOT ROLLER

IN BOT ROLLER
IN DRIVE MOTOR

IN DRIVE EYE

OUT DRIVE EYE

OUT DRIVE MOTOR
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MB+FEM
Flexible Body

Stress&Strains

Loads

CAD         MB

Assembly

Modeling

Geometry

MB KIN  &  DYN

Adv. Kinematics

Clearance

Verification

Actuator

Hydraulics

Co-simulation

MB + Controls CFD+FEM+MB

Aerodynamic Loads

Full System

Multidiscipline analysis
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Multibody: Modeling, Topology - 2.1

Topology:

constraints

OUT BOT ROLLER /

FLAP

IN SLIDER /

FLAP

IN SLIDER /

FLAP

OUT DRIVE MOTOR/

AIRFRAME

IN DRIVE MOTOR/

AIRFRAME

OUT SLIDER /

FLAP
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Multibody: Modeling, Topology - 2.2

Topology:

constraints
OUT DRIVE EYE/
FLAP

OUT DRIVE MOTOR/
DRIVE EYE

IN DRIVE EYE/
FLAP

IN DRIVE MOTOR/
DRIVE EYE

SPOILER/

AIRFRAME
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Multibody: Modeling, Topology - 2.3

Topology:

PTCV
OUT SLIDER/AIRFRAME FRONT & REAR

IN & OUT BOTTOM
ROLLER/ AIRFRAME

IN SLIDER/AIRFRAME FRONT & REAR
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Multibody: Modeling, Topology - 2.4

Topology:

Actuators

SPOILER OUT DRIVE MOTOR

IN DRIVE MOTOR

STEP5(TIME,0,0,3,-0.44)

DTOR*(45*STEP5(TIME,5,0,7,1))
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Multibody: Modeling, Topology - 2.5

Kinematic

Model = 0

DOF

Mass &

Inertia
Kinematic Analysis:

•Feasibility, functionality

•Actuator sizing

•Clearances

•failure

Adams/View

• Existing model

• File_Name =
Flap_Kin.cmd
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Measures:

Actuator

relative disp/vel/force

Kin Analysis

END =8 s

STEPS = 800

Multibody: Kinematic Analyis - 3.1

Measures:

Flap CM

global
displacement

Dist. Iniziale

DM f(time)

VR f(time)

FZ f(time)

For In & Out
Actuators
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Kin Analysis

END =8 s

STEPS = 800

Multibody: Kinematic Analyis - 3.2

Clearance

Failure
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Multibody: Kinematic Analyis - 3.3

Clearance

Files
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Failure Analysis

END =1 s, STEPS = 100

Deactivate/Motion, OutAct

DURATION=7 s, STEPS=700

Multibody: Kinematic Analyis - 3.4
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Limits:

• flap not flexible

•Ideal actuation (MOTION)

• No hydrualic model (or electric...=

ADVs of kinematic model:

• easyness: rigid bodies model

• allows:

•Functionality verification

•Actuator sizing (preliminary)

• Clearances analysis

•failure

Multibody: Kinematic Analyis - 3.5

Other capabilities:

•Aerodynamic forces on center of

pressure to improve sizing and

loads evaluation



MSC Software Confidential MSC Software Confidential 

Multibody: Dynamic Analyis - 4.1

Dynamic

Model = 81

DOFs

Forces

State Vars

Dynamic Analysis:

• verification

• Actuator sizing

• vibrations, damping

• failure

Adams/View

• Existing model

• File_Name =
Flap_DYN.cmd
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Multibody: Dynamic Analyis –4.2

Comparison
Kin/Dyn Analysis

END =8 s

STEPS = 800

Comparison

Failure Analysis

END =1 s, STEPS = 100

Deactivate/Force, OutAct

DURATION=7 s, STEPS=700
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Issues:

• increase of complexity,

parameters, effort

•Requirement of more knowledge of

physics

ADVs of dynamic model:

•«real» model

•Inertia effects

•Vibrations

•Failure

•Disturbances

Multibody: Dynamic Analyis - 4.3

Other capabilities:

•Aerodynamic forces

• Hydraulic or electric or other

model of actuators
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Multibody: Failure example - 4.4
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MB+FEM
Flexible Body

Stress&Strains

Loads

CAD         MB

Assembly

Modeling

Geometry

MB KIN  &  DYN

Adv. Kinematics

Clearance

Verification

Actuator

Hydraulics

Co-simulation

MB + Controls CFD+FEM+MB

Aerodynamic Loads

Full System

Multidiscipline analysis
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MSC Nastran - Adams
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MSC Nastran - Adams

6 nodi·6 dofs = 36
+

10 dynamic modes
+

1 modal load
=

47 modi free-free

Interface 
nodes

Node 100001:100006Node 100001:100006
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10 dynamic modes

10

MSC Nastran - Adams
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10 dynamic modes

11 modes including  1 Residual 
Vector

6 interface  nodes

Creation of file MNF file

Modal Force

MSC Nastran - Adams
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6 nodi·6 dofs = 36
+

10 modes 
+

1 modal load
=

47 modi free-free

MSC Nastran - Adams
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Multibody: Flexible Body – 6.1

Rigid to Flex

Dynamic
Model
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Multibody: Flexible Body – 6.2

Comparison
Rig/Flex Analysis

END =8 s

STEPS = 800

Comparison

Failure Analysis

END =1 s, STEPS = 100

Deactivate/Motion, OutAct

DURATION=7 s, STEPS=700

*Damping 
values, 
comparison



MSC Software Confidential MSC Software Confidential 

CFD: Aerodynamic Force (notes) 7.1
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CFD: Aerodynamic Force (notes) 7.2

Many config
PLOAD

FORCE
α

β

δ

Mach

NASTRAN

MNF with

Modal Loads

ADAMS

MFORCE

SUBCASE 1

LABEL= Mach=0.350000, Alfa=8.000000, Beta=0.000000, Delta=0.000000

LOAD = 1

Aero Map Scaling factors

FUNCTION OF:

α

β

δ

Mach.

α

β

δ

Mach

D /DT

and

α

β

δ

Mach

D2

/DT2

1
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Multibody: FlexBody and Aero Forces – 8.1

Flex to Flex

Modal Force

Scale:

-f(time)

-f(δ flap)

-f(rot spoiler)

-f(speed)

-f(Mach)
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Comparison
Rig/Flex Analysis

END =8 s

STEPS = 800

Comparison

Failure Analysis with and
w/o aerodynamic force

END =1 s, STEPS = 100

Deactivate/Motion, OutAct

DURATION=7 s, STEPS=700

Multibody: FlexBody and Aero Forces – 8.2
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Multibody: Stress recovery (notes) - 9.1

Durability

Nodal

Stresses Plot

Hot Spot table

Output to

Nastran: MDF
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Multibody: Fatigue Analysis (notes) – 9.2
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Multibody: Co-simulation MB-CFD – 10



MSC Software Confidential MSC Software Confidential 

MB+FEM
Flexible Body

Stress&Strains

Loads

CAD         MB

Assembly

Modeling

Geometry

MB KIN  &  DYN

Adv. Kinematics

Clearance

Verification

Actuator

Hydraulics

Co-simulation

MB + Controls CFD+FEM+MB

Aerodynamic Loads

Full System

Multidiscipline analysis
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Multibody: Actuator – 12.1

Replacement

SFORCE to

MOTION

-f(disp)

-f(vel)

- f(time)

-BISTOP to model
Stopper

DEACT MOTION

Verification
Comparison
Rig/Flex Analysis

END =8 s

STEPS = 800



MSC Software Confidential MSC Software Confidential 

Multibody: Mechatronic – 12.2

Definition of
control
system in
EASY5

Dummy

Multibody

model

simulation

Verification:

Model = flap
semplice

No flexibility

No aerod.

No visualization
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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

Modelling
Control
System with
Adams Block

Cosimulation

RIG / FLEX

Verification/

Comparison
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Multibody: Mechatronic – 12.4

DLL export from
EASY5

Plant Import and
GSE creation in
Adams/View

DLL Analysis with
Adams/solver
and GSE

Verification
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