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Big Data Sets of Dynamics of Complex Systems

In Marine & Aerospace Engineering are and shall be
encountered Naturally as Light and Sound are Natural to
us and thus we had to understand their Nature and use
this knowledge to develop Useful Technologies for

Mankind

Discovery of Natural decomposition of Light and Sound
Led to Deep Knowledge and sparked Science & Technology



Dig Data Surpasses many
Science Barriers due to the
Established Classical
Approaches.

Classical approach I:
Extract information
Form single isolated
Sensors

Classical approach II:
Ideas developed using
Simple structures and thus
no need to use many
Sensors.




Stringer

Synchronous Distributed Measurements of
Dynamics leads to Big Datasets but it covers the
Domain (or subdomain) of the Complex Structure
and thus It contains Critical Information (such as
damaage, or interaction with the environment)
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Big data : data acquisition and sensor technologies

8 or 16-Channel Portable USB (VQ-USB8/VQ-USB16)

L)

» 8or16 analog input simultaneous sampling channels
* 2 (8-chan)or 4 (16-chan) Tachometer input channel
24 bits ADC, 102 dB dynamic range

102.4 K samples/sec

“* Rugged design for easy handling and field application where
more channel count is needed

USB 3.0/2.0-compliant connectivity to PC.

IEPE sensor power

Built-in anti-aliasing filter

AC/DC coupling

+ 10 Volts input range

VibraQuest data acquisition and analysis software.
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lapouaiadoupe EVOIAPEPOVTA ATTOTEAECUATA
NG , MO TTPWTOBOUAID
LUETAPOPAC KAl TTIAOTIKNG OOKIUNG ETTIOTNHOVIKA
WPIMNG TEXVOYVWOIAC AtTo ToV AKaONUAIKO
XwpEo atnVv NauTIAia-JE TNV OTOXEUPEVN
UTTOOTNPIEN TNG TEAEUTAIAC HETW DlIAPOPWV
oXNUATWY, OTTWG TTPOCRACNC O€ TTPAYMATIKA
ouoTAuaTa, Kkal avaBeonc Auong lNayuartikwy
[TpoAnuaTWY Acitoupyiag NauTIKWV 2UCTNUATWV.



Pure Data-driven Structural & Machinery
Health Monitoring for the Typical Marine
Platform: The unparalleled leverage of
distributed sensory information-based
mechanics-dynamics

Shipping Industry Applications of the Project-Aristeia Il

IMS-PB DIAGNOSIS “Intrinsic Multi-scale Pulse-based
Damage Diagnosis in Complex Structures with Applications
to Integrity Monitoring of Machinery and Structures in
Marine and Aero Engineering“

Posidonia 2018, June 4-8, Athens, Greece
The International Shipping Exhibition



Me yVWHOVO OVETTTUYHMEVO HOONUOTIKA

EPYOAEia aglotroinong, wg Tpog Tnv ESaywyn

AgikTwV AvwpalAiag, MeyaAwv AsdopEvwy

(BIG DATA), MEAETAOCAME KAl AUCOUE

* A. TpOoBAAMATA TTOU TTPOEEVOUVTAI ATTO
AVETTIOUUNTA ETTITTEON KPOAOAOTHUWYV Kl
BopUBwvV o€ dUO KATNYOPIEC YPARYOPWV
OKAPWYV,

 B. TpoBARUATA AEITOUPYING HEYAAWYV
VOUTIKWYV KIVITAPWY AOYW BAaBwyv ocTOUG
KUAIVOPOUG, METOCU AAAWV.




A. VIBRATIONS AND NOISE PROBLEMS IN FAST CRAFTS
BIG VIBRATION DATASETS APPROACH
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Figure1: Distribition of hull vibration energetics in bridge
region covered by L-shaped acceleration monitoring curve.

1. ALU MINUM ALLOY Diagnosis: machinery-induced coupled structural resonance
near 1700 rpm, synchro=on

Scientrific Method: Extraction-characterization

of reduced dynamics (vibrations) of complicated systems
by Advanced Proper Orthogonal Decomposition Tools
(Prof. Dr. l. Georgiou)
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SPACE-TIME SPECTRUM DECOMPOSITION
OF VIBRATION BIG DATABASE
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Figure5: Spatial distributrion of modal velocity (rms,peak)
CRITICAL of diagnosed machinery-induced
DISTRIBUTED coupled structure resonant vibrations

@ about 1700 rpm, synchro=on
VIBRATION Analytic Velocity Estimation (conservative): 90% of the
INID]% max value of the reduced modal dynamics.

Transverse direction

TRANSVE RSE modal rms
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DeltaPi estimated value:
. [6.55047960mm/s rms
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2. COMPOSITE MATERIALS
SUPER YAGHT
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SPACE-TIME SPECTRUM OF DECOMPOSITION
OF A BIG VIBRATION DATA SET OVER
THE PROPELLER+AXES AREA
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CRITICAL VIBRATION SHAPE |

Reduction of a Big Vibration Data Set (Dynamics)
into an Analytic Spatial Feature Over the
Propulsion System
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CRITICAL VIBRATION SHAPE |1

Reduction of a Big Vibration Data Set (Dynamics)
into an Analytic Spatial Feature Over the
Propulsion System

\

o
Qo
©
£
"
©
°
o
=
(]
o
o

acceleration level

8

Sensor location (n) along 11 —shaped monitoring curve

DIANGOSIS: PROPELLER DISK INCLINATION
AND UNBALANCE




CRITICAL
DISTRIBUTED Spatial distributrion of modal velocity (rms,peak)
VIBRATION based on the dominant reduced dynamics (50%)

| N D EX modal peak
VERTICAL modal rms

N

Velocity [mm/s]

0 2 4 6 8
Sensor location(n)

along accelaration monitoring curve




B.' Evykaipn Aiayvwon Asiktwv AvwHaAiag
NMpoBARUOTA AEITOUPYIOG MEYAAWY VAUTIKWYV
KIVNITAPWYV AOYyw BAaBwvV oTOUG KUAIVOPOUG,
METOSU AAAWV.

Multi-physics Dynamics
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INDEX OF EXTREME EVENTS
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ATTOTEAEOUA TNG EUTTEIPIAG givai
n EKKOAAWH texvoAoyiwyv lNpoxwpnuéEvng
AlayVWOTIKAG OXI MOVO Yia TIG duo
KOTNYOPIEG, AAAX Kal YiIa TTOAAEG AAAEG OTN
NauTiAia, TTPOBANMATWY TTOU AUCOUE KOl TO
OTTOIO ATTOTEAECAV TNV APEVA EEAYWYNGS
yvwong amro 60edouEva OUVAMIKNAG ATro
TTPAYMATIKA UTTAPXOVTO TTOAUTTAOKO
OCUCTNMOTA.



H eregepyacia peyAAwWV OYKWYV OEOONEVWYV HE TRV NEBODO
TwV Mpoxwpnuévwy OpBokavovikwy lNMpofoAwv (Advanced
Proper Orthogonal Decompositions & Projections) Tomro0eTei
Mia BAon yia pia Aveu Trponyoupevou BaBeia Mnxaviki
EKualnon, Kai n rola JTropEi va atroTeAEoEl Hia Bdaon yia
TTPOXWPNMEVN OIAYVWOTIKN KAl TTPOYVWOTIKN HE TEXVNTN
vonuoouvn.




Mépa atrod Tnv €miTuxn Avon, n Apdon
TTPOCEPEPE TO £00POC Yia Babeiad Mnyxavikn
EKNAONON atro TNV TTAEOV ATTOTEAECMATIKI
ETTECEPYATIA 2ZTOXEUNEVWYV MeyaAwy
AgdOoPEVWY TTOU ONMIOUPYNOAUE ME TOV
OXEOI00HO KOl KATOOKEUN OUOKEUNG
OUAAOYNG TTOAUKAVOAWYV OEOONEVWY,

OAAQ KAl a1TO RON UTTAPXOVTO MEYAAQ
0£OOHEVA VAUTIKWY KIVITAPWYV TTOU
OUAAEYOVTOI OTTO TOUG KATOOKEUAOTES TWV
TEAEUTAIWYV KAl TO OTTOIA NTAV OVEKMETAAAEUTO
WG TTPOC TNG Caywyn AsIKTwy Alayvwong
AvwpuoAiwyv AsiToupyiag.



Incubation of Innovative Technologies for
Early Fault Diagnostics in Shipping: Deep
Machine Learning by Targeted Big Data Sets
of Dynamlcs







Dynamics-Acoustics & Diagnostics of Complex Structures
Laboratory Unit, NTUA




e e e S DESrech Publications., Inc.

2020 | OriginalPaper | Chapter Structural Health Monito ring 2019

; i ; Enabling Intelligent Life-cycle Health
10. Energy Flow Considerations i Management for Industry Internet of Things

Nonlinear Systems on the Basis (11or)

of Interesting Experiments with el Ittt Workstiop on Swrucuural Heatth
Three Paradigmatic Physical Bdited by: Fu-Kue Chang, Department of Acronautics and Astronautics
Systems Iﬂ Engineering Stanford University, USA, Alfredo Giluemes, E'T.S.I. Aeronauticos,

Universidad Politecnica de Madrid, Madrid, Spain and Fotis
Kopsaftopoulos, Department of Mechanical, Aerospace and Nuclear

Engineering, Rensselaer Polytechnic Institute
Latest volumes in key SHM book series

lUAM Symposaum on 978-1-60595-601-5, November 2019, 3,576 pages, two volumes,
Exploiting Nonlinear 6=9, hardcover

Dynamics for

Engineering Systems

DESftechh Publications, Inc.

Read first chapter

Author: loannis T. Georgiou - -
Description

Publisher: Springer International Publishing
Table of Contents

Published in: IUTAM Symposium on Exploiting Nonlinear EMMANUEL FLANMAND-RULZE and ELUDLIE AALINUUE
Dynamics for Engineering Systems
On the Use of Distance Measures in the Phase Portrait for

Damage Localisation and Severity Assessments

XIWEN GU, SHIXI YANG and EVANGELOS PAPATHEOU

» Get access to the full-text

Abstract Big Data in Experimental Structural Dynamics by Synchronous
Nonlinear dynamical systems host types of centra Ensembles of Collocated Acceleration Signals (CAS): The
dynamics—phenomena whose phase space dynam Reciprocity Principle Failure and Advanced Diagnostics for

Composite Material Structures
IOANNIS T. GEORGIOU




~ Ensemble I

“signals of same physics
fixed spatial point”

2 g oteps:
~ ¢ Interrogation pulse at a fixed point on the
7 soft substructure (blade). Small energy level.
Measure velocity response at a fixed point
on stiff substructure (aluminum alloy beam)

Compute POD transform (ensemble I1)
“+Physics of POD modes

__ Example: 20-signals ensemble

% — signals are of small energy level






