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Today -- Tomorrow

History Pathway Forward
* Prognostics and Health

- \ Management (PHM)
N \  PHM DE3 Different viewpoints:
* DEsign
* DEvelopment
* DEcision (DE3)

LOGIC MODEL — Ralph De Paul (standing) and Gus Daskalakis display logic model for the XM140 gun,
which assists in equipment maintenance. A model also has been constructed for Chaparral weapon system.

April, 1969
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Production Paradigm
I
Craft Production Flexible Production Mass Customization
Small, custom Low-cost products Variety of products Mass customized products
products enabled enabled by enabled by enabled by information
by electricity & interchangeable parts computers & technology & reconfigurable
machine tools & assembly lines robotics manufacturing

1850

Fix when it breaks Reactive Maintenance

Maintain based on a schedule Preventive Maintenance

Avoid failure based on condition Predictive Maintenance

Systems monitor themselves [ERSIBVUEISENMS

Maintenance Paradigm
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Diagnostic Digital Twin
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The three elements of a digital twin

o (2

Real-world entity Virtual
or process | representation

Data that connects the two
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Types of Digital Twins

Several ways of categorizing digital twins exist, but the following four
categories, organized in a hierarchy, are by far the most common:

« Component twins (also referred to as part twins). The most basic
level, it's not for simple parts like screws but for things like
mechanical subassemblies.

« Asset twins (product). Two or more components whose interaction
IS represented in the digital twin.

« System twins (unit). Assets assembled into a complete, functioning
unit.

* Process twins. Systems working together to serve a larger goal.
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Digital Twins Challenges

Biggest Hurdles

 Data management
e CAD model to IoT sensor usable data

Data security.
« Timely Digital twin mission critical data

loT development
» 10T sensors a basic requirement

System Integration
- CAD to PLM

Supplier Collaboration
« Willingness to Share Information

Complexity
» Multiple different manufacturer and suppliers
* Final & Current Information.



Model
Based
Engineering

Diagnostic Design (eXpress)

DS

international, inc.

File Edit Design Reports View Window Help
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Hierarchical)\Braking S
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- Go to Error

~|30 ~|
Explain

—_ Design

—o | | (3 COMPONENTS

-0 | | [3 ASSEMBLIES

o | |1 140 FLAGS

o | | 0 ANMOTATIONS

x [ METS

(1 5UBSETS

2 || C2 OPERATING MODES

Bd||caresTsers

-8 1 - Prognostic Tests

ﬁ TEST for Pad-Squeal from LF Dizc bssp

----- ﬁ TEST for Pad-Squeal fram LR Disc Assy

----- ﬁ. TEST for Pad-Squeal fram RF Disc Assy

----- ﬁ TEST for Pad-Squeal from AR Dizc Assy
ﬂ 2 - Operatar Detection

----- Fs Automobile Start Test

----- “3" Brake Fluid Low

----- ﬂ Brake Overheated (Smell] from LF Disc Assy
----- ﬁ. Brake Overheated (Smell) from LR Disc Asay
----- ﬁ Brake Overheated [Smell] from RF Disc Aszsy
----- ﬁ Brake Overheated (Smell] from RR Disc Assy
3" Check Brake Linkage

Check for hpdraulic leak

@ test atL Brake Light

------ @ test at R Brake Light

------ @ test at Brake Light

=] a 3- ABS Light Indicates Problem

=]

El-&8 4 - Maintainer Detection

----- ﬁ Inzpect Pads from LF Disc Assy

Inspect Pads from LA Disc Ay

----- ﬁ Ingpect Pads from RF Disc Ay

----- ﬁ Inzpect Pads from RR Disc Aszsy

-l 5- ABS “warning Light Test at Power up

E-E8 & - Mechanic Diagnostic ABM Light Code tests both sides
B8 7- ABS Main Hydraulic elements tests

-8 & - Electrical Elements tests
E
£
£

-6 - Replacement tests
18 10 -wheel Tests
#-E8 11 - Mechanic Brake Inspection Tests Mwear]

RF Disc Assy

RR Wheel

"] RR Disc Assy

Je

7| sEns comn [y

LF Disc Assy [

LF Wheel

ﬂ

= LF Wheel Torque > _

© % LR Wheel Torque

1 LR Disc Assy

LR Wheel

Details | Atributes  Failure Modes | States | Failure Effects |

For Help, press F1

Failure Mode Percent |
Master Cylinder Failure ‘ 5.0
Hydraulic Leak 100
B Air In Cylinder 850
| [00]

Adjust

Affected Functions

a Port Frant Cylinder Fluid
E bd agter Cylinder-Front Cylinder Fluid

a Fort Frant Cylinder Intake
D M aster Cylinder-Front Cylinder Intake

a Port Pedal Preszure to MC
D M aster Cylinder-Pedal Pressure to MC

a Part Rear Cylinder Fluid
{Z bd azter Cylinder-Fear Cylinder Fluid

a Part Rear Cylinder Intake

NUM




The “A” & The “I”
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Knowledge Base
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Knowledge

The “A” The “1”

* Human Actions * Basis for Intelligence
* Physical * Validation
: Erc;gont'iznt * Creation

* Assurance
e Value -- Ethics

* System Operations

e Environment

If Knowledge is King, then Diagnostics is Queen
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File View Reports Tools Database Help

| Reaoanon |5 CU3ET | [P Start Monitor %7 Monitor Control - (] Test Results Panel Layout - )

Guided Troubleshooting valx % Braking System View

Isolating 3 Faiures -

Save and Restart

Wear safety ¢
three most co
A battery that
sulfuric acid o
car. If nothing
readers

(] [ »
%+ Primary Suspects valx Resolution History v X
Suspect Ttem Failure ' Date Range [EEI2LE R 5/23/2013 ~ [
Suspect Failure Probability '
Resolution ! n D

|8/2172013 93

— T A Replace Fuse 8/21/201393

- . : . ‘ 3 [e217201393

n O W e g e - A Clean and Recomnect Battery Cables  |8/21/201393
: 5@ Recorfigured Ut |e217201393

Ignition Switch Studk Oper ' A Cean and Reconnect Battery Cables  |8/21/20139.3

@ Upgaded Unt 8/21/2013
A Replace BATTERY 8/21/201393

Suspected Connections |

international, inc.
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CBM: Condition-Based
Maintenance

© 2016 DSI International, Inc.

Diagnhostic
Engmee”ng CM: Corrective
Maintenance

Prognostics
CBM

Diagnostics
CcM

Engineering
Knowledge

Maintenance \ scheduled Reliability
. . Maintenance . .
Engineering RCM Engineering

RCM: Reliability-
Centered Maintenance



File View Reports Tools Database Help

— Guided Troubleshooting valx & Braking System View
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Save and Restart

BATTERY
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Suspect Ttem Failure Ll Last %0 Days g 5/23/2013 — e 106% " i
LSuspect Failure Probability
v

-4 BATTERY 0.697152
=-€3 Replaced Componerts B/21/2013 5:3..
#f  Battery dead

#f  Battery Partialy Shorted Internally A Replace Fuse B2V/AN3 I3
Er 0.174283 =63 Repaired Components B/21/20135:3..
#f Battery Fuse Blown #% Clean and Reconnect Battery Cables 8217213 9:3...
=l Ignition Switch 0.128560 | =& Reconfigured Unit 8/21/2013 93
#E  Ignition Switch Stuck Open #% Clean and Reconnect Battery Cables 8/21/2013 :3...

=83 Upgraded Unit 8/21/2013 53...

#% Replace BATTERY 8/21/201353...

g Primary Suspects Suspected Connections




Diagnostics =2 Knowledge
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Digital twins In
the metaverse

Digital twins are one of the building blocks of the metaverse, a broad
concept that incorporates technologies such as virtual reality that enable
immersive and highly interactive digital worlds. Proponents are working to
re-create in the metaverse many of the elements that people interact with in
the real world.

Augmented reality, another foundational technology of the metaverse, can
overlay a digital twin on the object it represents to provide field technicians
with more detailed maintenance data. Digital twins could also provide some
of the data for images in virtual reality.

Both the metaverse and digital twins demand herculean efforts to capture,
then digitally mirror, things in the world. For digital twins, the process is
called reality capture. It's usually done with a laser scanner that directs a
laser beam at an object and the surrounding space to capture
measurements. Laser scan files are then combined into a point cloud, a set
of points in 3D space that outline the geometry of the scanned object. Color
is often added and the point cloud is imported into CAD software for further
enhancement.

Reality capture technology has expanded beyond laser scanners to include
smartphone software and drones, among others, which should help expand
its use in digital twin development.

y


https://www.techtarget.com/whatis/feature/The-metaverse-explained-Everything-you-need-to-know
https://www.techtarget.com/whatis/definition/virtual-reality
https://www.techtarget.com/whatis/definition/augmented-reality-AR

The VRevolution...
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VR, AR, MR and XR Technologies EMBRY-RIDDLE
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AR/VR devices can provide remote
diagnosis and repair while minimizing
travel costs and dependence on skilled
technicians to be onsite. AR and VR
headsets with custom software can boost
service operations by increasing technical

response time and faster return to service
time.

2023, Tecgsiee



VR, AR, MR and XR Technologies

Gartner Hype Cycle

Four Key Themes:

Learning Environments

Experience and
Engagement

Expectations

Operations
and Integrations
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Peak of Inflated
Expectations

Plateau of
Productivity

Innovation
Trigger

Trough of
Disillusionment

Business Models

Time

Source: - Hype Cycle for Higher Education, 202218 July 2022 (G00768912)



EXPECTATIONS

Source:

© 2022 Gartner, Inc. andlor ils afflates. All rights reserved. Gartner is a regislered trademar of Gartner, Inc. and 1s affiliales

Hype Cycle for Learning & Training

Quantum Computing

Learning Expenence Platforms

AV Over IP
Industry Cloud Platforms

Alin Higher Education

.18 July 2022 (G00768912)

x Classrooms

Immersive Technology

Blockcham in Education
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Scenano Planning

As of July 2022

Innovation Peak of Inflated
Trigger Expectatons

Plateau will bereached: O <2yrs. O 2-5yrs. @ 5-10yrs,

Trough of Siope of

Disillusionment Enlightenment
TIME

A >10yrs.  ® Obsolete before plateay

Plateau of
Productiity



VR Training Techn - Past, Present and into the Future

: |
Blended Synthetic Teaching & Learning

Full Spectrum Training - from “Zero to Full Competency”

Behavioural & Soft-skills Training |

Enhanced Self, and Distributed Learning

Technology Enablers | Learning and Training Spectrum

Present Future
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AR — VR — XR Application

v

py

AVIATION VIRTUAL




The Blend
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Repair

Opportunities

Technidal Sergeant Cory KOZ\[M
| \/\ 3 I
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Opportunities




Intersecting Environments SMERYRIDDLE

|IOT New Frontiers

* Aircraft systems

Diagnhostic

Operations Engineering

Domain

 Mission and Personnel
critical performance

PHM DE3

Diagnostics
CcM

Repair &
Training
Systems

Engineering
Knowledge

Maintenance
Engineering

Scheduled
Maintenance
RCM

Reliability
Engineering

*RCM: Reliability-Centered Maintenance

*CBM: Condition-Based Maintenance

*CM: Corrective Maintenance

*PHM: Prognostics & Health Management #
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The Blend

/ Engineering & Production Infrastructure \ /O” Board Diagnostic Health Management\

The three elements of a digital twin
/ Sense & Response Support Center \ y‘L (
5] &




Making The Blend

* Knowledge vs A-I

* Bridge Design into Maintenance, Support
Logistics & Operations Centers via

Automated Analysis

* Digital True Twins

* Diagnostic Models with System

Knowledge

* VR-XR Opportunities
* Hype Cycle
* Learning

EMBRY_RIDDLE © Request info Newsroo m
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@ Apply Now 8 ERNIE
@ Contact Us Give

Degrees & Programs Admissions Research Partnerships About Us Leadership Strategic Plan

The Boeing Center for Aviation and Aerospace ,Saw\

e——

The Boeing Center for Aviation and Aerospace Safety provides research, education and

industry engagement to promote global aviation and aerospace safety -

=t

3 ——" m@gﬁohmg Lengthy

O\IT period |

P

o Education Anafytic
Degieal Assesement . ..

o St
DeusondRIRATION (Fiiimen
TIME

X caas!
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Contact The Boeing Center for
Aviation and Aerospace Safety

rau.edu



mailto:kristine.kiernan@erau.edu

QUESTIONS?

EMBRY-RIDDLE
Aeronautical University



THANK YOU

David Cirulli
Chief, Singapore Flight Operations
Department of Flight/ Asia | College of Aviation
+65 9130-9560 | cirullid@erau.edu
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