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Who We Are

We are an employee-owned
small business with a
full-time staff of over 190
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What We Do ATA Engineering’s high-value engineering services help solve our
customers’ toughest product design challenges
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Our Services

We provide our customers with complete, integrated solutions

Q Washington, D.C.
Berkeley Q Denver Q g
Los Angeles Q Huntsville

Albuquerque

DeSig n San Diego
From initial .
concept Analysis
development to Comprehensive
detailed structural structural. fluid
design acoustic, and Test
thermal analysis Industry-leading . . .
. Expert
oo S ATA Englneerlqg is also a S
services for Siemens Platinum Level SIEMENS
extreme loading Solution Partner |

environments
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Our Software Services

ATA is a value-added reseller for Siemens PLM Software

Siemens Value Added Reseller

SIEMENS SOLUTION PARTNE

?otlinet Nastran Training
uppor Material
NX, Nastran, '
Femap,
STAR-CCM+
Software Preferred Training

Implementation Provider

Expert
Partner

. SIEMENS
Software Integration

Digital Industries Software
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Today’s Speaker

Timothy Marinone, ATA Engineering, Inc.

 Mr. Marinone is a Project Engineer in
ATA’s Advanced Test group. For 10 years
he has supported customers with a
focus on vibration and modal testing of
defense systems and flight vehicles and
has performed real-time flutter
monitoring of flight tests for military and
commercial aircraft to ensure both flight
safety and accurate flight
measurements. He received his BS and
MS in Mechanical Engineering from the
University of Massachusetts Lowell in
2010 and 2012, respectively.
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Agenda

This is not a Flutter Course nor a Detailed Guide for Performing Aeroelastic Predictions, Ground Vibration Tests, Model
Correlation, or Flight Testing

utter Overview
ne Siemens Portfolio

ne Perlan Il Glider
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Additional Resources

SIFMENS o ATA Engineering released a in
2 ut r U . . .
ey ik if8lerstanding ANerof 2021 that specifically talked about
Flutter and Predicting It with evaluating flutter with Simcenter 3D
Simcenter 3D and Nastran
and Nastran and walked through an
NT/N\=— Yoot example
roserter, e Siemens has a great covering
ATA Engineering, Inc. fl utte r

November 16, 2021

e Siemens also has a free on-demand
about the flutter clearance
process
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https://www.youtube.com/watch?v=GjBXsR6SSLY
https://community.sw.siemens.com/s/article/ground-vibration-testing-and-flutter-analysis
https://www.plm.automation.siemens.com/global/en/webinar/aviation-aircraft-flutter-elasticity/44237

Flutter Overview
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What is Flutter?

airspeed (kts)
160 200 240 280 320 360 400 440

- ! Flutter is an aero-elastic phenomenon
Unstable self-excited vibration
Structure extracts energy from the air stream

frequency (Hz)

Flutter starts to occur at a certain speed

Negative damping start to occur at flight points 100 a'rs}:i%d - 200
. | s
where two modes are coupled in an unstable way airspeed (kts)
160 200 240 280 320 360 400 440

Typical coupling: wing bending/torsion, wing 0.02f
torsion/control surface, wing/engine

Stability
and Control 004 } I

, 100 150 200
p Forces

airspeed ()
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(plus aeroservoelasticity...)




Aero-elastic Analysis Necessary for Safe Flight
Why Perform an Aero-elastic Analysis?
e Aero-elastic analysis allows prediction of an aircraft’s

aerodynamic instabilities which can result in
catastrophic failure

e Analysis utilizes a finite element model (FEM) for the
aircraft’s natural frequencies and mode shapes

e Ground vibration testing is performed on the aircraft RTINS i
to correlate and update the FEM

» Aero-elastic analysis is performed to identify flight
conditions where flutter is expected to occur

* Final verification of the aircraft’s aero-elastic
properties is performed through flight testing
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Airframe design validation process in support of certification

Digitgfitwin approach

Simulation

This process is used to proof compliance to FAA or
ESA Aeroelastic Stability Requirements. It
validates that the aircraft is flutter free throughout
the entire flight envelope, plus an additional
safety margin.

Certification-critical validation activities
=>» need to process with well-controlled data flow
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The Siemens Portfolio
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M () + Kx(¢) = F(¢)

Simulating the Aeroelastic Triangle

-
Wind Tunnel _
Inertial Forces
(Dynamics)
Flight Dynamics ME(f)
\_

Simcenter 3D
Structural
Dynamics

Structural Dynamics

Simcenter
Testlab

LIFT

THRUST DRAG

U

WEIGHT

\

F(t) = F,(x) + F_(1)
Static Aeroe€
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Elastic Forces

(Structural Mechanics)

,‘ Sol 144 Simcenter 3D
Simcenter Nastran

Flutter

Sol 145

Simcenter 3D
Simcenter Nastran

Linear Analysis for Subsonic

Fluid-Structure Interaction
Non-linear Analysis* for Transonic,

Supersonic

Simcenter Star-CCM+
Simcenter Nastran




Y $§$ 09090
Structural Dynamics supported by Test AND Simulation

Complete, streamlined solution for structural dynamics
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Flutter testing procedure
Expanding the flight envelope

Altitude(ft)
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The Perlan 2 Glider
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Airbus Perlan Mission 2 Overview
Reaching the Edge of Space

e Perlan 2 is a composite sailplane designed
to fly to 90,000’

e Previous record (altitude for powerless flight)
set by Perlan | in 2006 at 50,671’

* Perlan 2 holds record at 76,000’ as of
September 2018

Perlan 2 utilizes stratospheric mountain
waves

e Altitude at 90,000’ has air density less than
3% of sea level

e Temperatures reach -70 °C

copyright: MetPanel OSTIV WMO-No.1038"
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Perlan Flight Video — 3 minutes
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Finite Element Model to Represen
Aircraft

Model Creation

* Model was created from solid
geometry

e Missing large amount of
information needed for
stiffness and mass

* Required test data to get an
accurate representation
(especially in joints)

 We also used the solid
geometry to make sure that
the glider would fit inside ATA’s
test lab.
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First Aircraft GVT Performed at ATA

Assembly and Test Setup

e Sailplane trailered down from Oregon
* Fuselage, wings, and tails offloaded

* |ndividual components were weighed to obtain
mass and C.G.

* Wings and tails were assembled onto fuselage
* Accelerometers were installed

» Sailplane suspended with bungees and
shakers were installed
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A GVT in 90 seconds

November 9 - Assembly of glideér and installatiSiot SERsors
\ -
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n
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"
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Updating the FEM

Mass and Stiffness Correlation

e Mass and C.G.

* Major components tuned by adjusting density and non-structural mass of the elements

e Stiffness properties
e Adjust material and spring properties to best match the test mode shapes and frequencies

FEM
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Aeroelastic Model Created using FEM

Model Development

 Geometry from the FEM was used to develop the model for analysis of the provided flight
envelope
» Lifting surfaces are modeled as plates (wings, h-stab, v-stab)
* Non-lifting surfaces are modeled as bodies (fuselage)

Perlan 2 Flutter Analysis - 0.5% Damping Threshold
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Instabilities Observed in Flight Envelope

Final Flutter Results

Perlan 2 Flutter Analysis

e [nstabilities observed at airspeeds/altitude
Combinations expected tO see during ﬂlght -—\VD —VD +20% =—Flutter at Mode 9 Flutter at Mode 13
Flutter at Mode 26 Flutter at Mode 29 Flutter at Mode 30
e Recommendations were made to increase
. . . 90000
aileron torsional stiffness
* Flight testing required to validate analysis
:g,j 75—
g 45000 —N “
< 30000 -
15000
150

0 50 100
Calibrated Airspeed (knots)
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Preparing for Flight Testing

Instrumentation Checkout

e Custom data acquisition system:

e Arduino board for data acquisition
» 3-Axis MEMS DC Accelerometer

e Stepper motors with offset masses

ATA Educational Webinar Series - For Public Release




Flight Testing Results

Data Processing

* Frequencies correlate well with analysis

e Scatter in damping results

= Analysis Mode 9 - Fuselage Lat/Wing Anti-Sym
Analysis Mode 13 - Aileron/Wing Sym
== Analysis Mode 25 - Wing Bending Vertical 3rd Sym
Analysis Mode 29 - Wing Torsion Sym
== Analysis Mode 30 - Wing Torsion Anti-Sym
® Wing Bending Vertical 1st Anti-Sym - Pole Est

® Wing Bending Vertical 3rd Sym - Pole Est

Frequency (Hz)

Wing Torsion 1st Sym - Pole Est
® Wing Torsion 1st Anti-Sym - Pole Est

Aileron/Wing Sym - Pole Est

Q-F Diagram - Frequency
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Acknowledgments/Thank You/Q&A
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San Diego

Contact Us 13290 Evening Creek Drive S @ o K Engeeng

San Diego ¢ Huntsville ¢ Washington D.C. San DlegO, CA 92128

Denver e LosAngeles ¢ Berkeley e Albuquerque (858) 480—2000 in 0 ,
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