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WHAT IS A DIGITAL TWINS

« A Digital Twin continuously
forecasts the health of the vehicle
or system, the remaining useful life
and the probability of mission
success.

The Digital Twin can also predict
system response to safety critical
events and uncover previously
unknown issues before they
become critical by comparing
predicted and actual responses.
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[SumitAwinash, CC BY-SA 4.0 <https://creativecommons.org/licenses/by-sa/4.0>, via Wikimedia Commons]
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DIGITAL TWIN VS MODEL

Model

- - , . ~
. 3ot necessarily update ship m\ o
7 Q e

Models inform us of expected ship
behavior, based on the whole class

Twin is
updated
with data
from the

ships

Class-wide
models serve as

Twins track condition of each individual hull “




IMPORTANGE AND IMPLEMENTATION

mpacts, fatigue and ship life span.
ncrease ship lifespans, maintenance intervals, and survivability.

—ollowing an impact, computational resources will be used to provide
actionable decisions within seconds or minutes.

Normal Operating Conditions limited computational Post-Impact Operating Conditions

/ Iresources \

impact detection Tt impact detection impact detection

remaining useful life e &8¢ || remaining useful life||remaining useful life

ship routing ship routing T | |remaining useful life|[remaining useful life
impact g

Reconfiguring limited computational resources to update models of greater importance.
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DIGITAL TWIN ENABLING TECHNOLOGIES AND GAPS

Enabling Technologies Technology Gaps

Machine Learning * | “Automatic” fusing of data with models

Distributed Analytics * Applied machine learning
Cloud-based Computing * Application to sparse data

High-bandwidth Secure Communications Integration of complex environmental data
Use of data at order-of-magnitude different

En g | neer | N g Gap S temporal/spatial scales

. . Algorithmic approaches for measured
Integration of ship- and off-board sensor systems g PP
data
that store data

: L L Virtual sensing (sensor inference)
Multi-level classification communications

Integrating cloud-based computing Extending prognostications
Distributed (GPU-based) computing high-fidelity

Cybersecurity

Uncertainty analysis and propagation
Cybersecurity

- i : : timiz ntrol of system
Workforce expertise with data analytic skill set Op ed control of systems

and tools
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CONDITION TRACKING

Smart Beam condition tracking

—®— Crack Length (mm)

 Build a “Smart Beam” | =4~ Roller Location (m)
- Connection inside ship
structure.
Tracks foreground and
background changes.
Damage to supports
and fatigue cracks.
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SHIP STRUGTURE AND FATIGUE ENVIRONMENT
[SHIP SAFE) TESTBED -

* Designed to allow for
changes to the structure’s
stiffness using the stepper
motors.

* The changing of the

structure’s stiffness is
reversible.

* Will produce simple data
sets that will be used for
validating multi-model data

T : CAD model of ship hull
assimilation algorithms.
8
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SHIP STRUGTURE AND FATIGUE ENVIRONMENT
[SHIP SAFE) TESTBED

stepper |

' fatigue crack
fatigue crack roller movement
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FEA AND POST PROCGESSING

fatigue crack roller movement

i N

LSS

FEA model of smart beam
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 Damage cases:
- Fatigue crack length
- Roller location along the beam
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INSERTING A LINEAR CRACK

 Crack starts near the beams
left fixity and grows from the
beam center outward toward
each edge.
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VALIDATING CONVEX ERROR SHAPE

Error shape
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PROJECT FLOWCGHART

Update an FEA model of the “Smart Beam” in real-time.

Physical Model (PM)
Modal Freq. &,
oda flexibility matrix — L, TTRUE wTRIAL
Analysis | Mode A, FTRUE AF; = f(F; -F, &) all AF, collected
> : 3

Digital Model (DM)
Freq. Q,
F—»

flexibility matrix
. [Mode A, FTRIAL
) i

l Particle Swarm
AF $|Particle 1[Test I}{Test 4/-»{Test 7|

Feature Onti Feature
_ ptimal ea
SSea;;:: Scaling 3[Particle 2[Test 21»[Test S}»{Test § AF Scaling
P ~|Particle 3[Test 3»Test 6»{Test 9|

Time

FEA updating process
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PROJECT FLOWCHART
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FLEXIBILITY MATRIX

— i L L**l
¢; . normalized mode shape
d; : i'mode mass normalization constant

n (di\° T =T _ 0.0004
Ftrun = Li=1 (Z) ¢i ¢i '0.0003
i F

Fuun © truncated flexibility matrix 00002
w; . modal frequencies matrix 0025 0.0001

0.0050 '0.0000

% ooo75
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?oo 0125 0.700
% 0.0150 o0
0.695 oot

true trial 2,0.0175 ¢
_ 0.690 o\
AFtrun F trun —F trun \
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+un. true (damaged) structure flexibility matrix
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F.... trial (FE model) structure flexibility matrix South Carolina
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FINITE ELEMENT ANALYSIS MODEL

Modeled in Abagus:

Initially built as 3-D model.
Most accurate to
Physical Model.

Finalized as a 2-D model
BCs and Input forces act
In 2-D.
Computationally efficient.
Produces identical data.
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MIN-MAX NORMALIZATION

Unscaled data

Scaled data




PARTICLE SWARM

Scaled data
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PARTICLE SWARM

—&— Crack Length (mm)
Roller Location (m)

—#— Particle Swarm CL (mm)

— &= Particle Swarm RL (m)
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DETERMINING BEST PS PARAMETERS

6 particles

6 particles
10 iterations

10 iterations
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8 particles
15 iterations

8 particles
15 iterations

(OS]

standard
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