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Background

= |973 A-10 Aircraft by Fairchild-Republic is selected to fulfill close-air support (CAS) by the United
States Air force (USAF)

= |997 A-10 fleet approaching safe service life of 6,000 hours
= 2002 A USAF investigation declares A-10 Aircraft Structural Integrity Program (ASIP) “broken”
— The path towards recovery for A-10 ASIP resulted in a USAF organic engineering capability that is

often only realized by the OEM [I]

= 2007 Digital transformation begins for the A-10 with the design of an enhanced wing assembly
(EWA) as part of a wing replacement program [2]

https://www.thedrive.com/content-b/message-editor%2F1603460087257-1.jpg?auto=webp&optimize=high&quality=70&width=1440
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Breadth of A-10 SPO Digital Twin

" Three main departments: Depot,
Field, and System Program Office

(SPO)

= Multiple digital thread systems
utilized

" Focus on A-10 ASIP digital thread
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A-10 Digital Twin Data Types
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State of the Digital Twin for A-10

In my opinion...A-10 ASIP is here

VISIBILITY

Peak of Inflated Expectations

Plagfau of Productivity

of Enlightenment

Trough of Disillusionment

Digital relative

Technology Trigger

Figure from L.Wright and S. Davidson’s paper “How to
tell the difference between a model and a digital twin.

[3]
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Fixed interval maintenance

Cost avoided $
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Data Requwements for A-10’s Digital Twin

What does it takes to meet
requirements’?

What are they? =

" High Quality = |t might be more than you think!
= Decisive - » Data architects
— 2 full time at A-10

" Data quality analyst

THIS 15 YOUR MACHINE LEPRNING SYSTETT?

YUP! YOU POUR THE DATA INTO THIS BIG
PILE OF LINEAR ALGEBRA, THEN (OLLECT
THE ANSLIERS ON THE OTHER SIDE.

WHAT IF THE ANSLIERS ARE LIRONG? )

JUST STIR THE PILE UNTIL
THEY START LOOKING RIGHT.

— | full time at A-10
" We are all data wranglers

= Accountability
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Digital Environments

= Teamcenter chosen as “Source of Truth”
PLM Software

— Product Lifecycle Management (PLM) TEAMCENTER

L1
\

— Service Lifecycle Management (SLM)

HHH
PEERRER
] \\T\“

= NLign Analytics Platform 1

Full implementation

— Originally designed for non-destructive sspweoy T s

analyset hired

inspections (NDI)

A-10 Hires two full-

— Small Business Innovation(SBIR) Funding ot L
qmili{;taz:r::::)

— Sprints of software enhancements

through more SBIR and Rapid innovation
funding (RIF)
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Timeline of NLign implementation [5]



Presenter
Presentation Notes
NLign Analytics Platform is a software suite developed to analyze aircraft manufacturing and maintenance data in a 3D environment. NLign originates with a small business innovative research (SIBR) funding project led by Air Force Research Laboratory in 2007 [7]. The original intent of NLign software was to house non-destructive inspection (NDI) data. Through additional USAF programs, specifically SIBRs and rapid innovation funding (RIF), NLign received sprints of software enhancements to grow the software's capabilities. Today, NLign's product suite consists of three different products, all aimed at capturing, analyzing, and communicating as-maintained aircraft data in real-time to allow for rapid response from decision-makers. While NLign can be utilized by many other programs, much of its development was catered to fit the needs of ASIP applications
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Digital Thread and Input Data

Maintenance

Modernization/Replacement

Environmental Considerations

Engineering analysis

OEM Design

Usage Severity & Damage
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A-10’s Digital Twm Input Data
i

Maintenance
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=
Data Collection Before Digital Transformation

= No central repository

" Engineering access 7-9 Months AFTER the aircraft leaves
depot

* No guarantee an inspection was performed

* No ability for engineering to address data issues while
the asset is open and accessible

* Engineer Tech required to manually input data into
database

= |imited data type request

* Engineering rigor not fully captured

. Aerospace Structures ”
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Presenter
Presentation Notes
7-9 months is a long time . People that were trained


Current Digital Data Capture - NCheck

= Built in data structure;
Jobs, Tasks, & Findings

" Jobs creation automated
via integration with work

control software

" Predefined tasks via job

template

= Prescribed view of model

€~ Phase Inspectio... Phase Inspection - Job NCheck —

DL @ Create [Open X Delete 7 Level: Task
€ Done Location Model Files View Actions Ncheck — @

{
[% Select Q xvz ¥ Place Draw S FErase 9

—
Phase - Finding: _ . - WC1032ltem12
2N L A : ) : : \ # Pan = View: 1 of 1 =
' 1. * Damage Type: | >
Crack/NDI Indication . q

2. Date of Inspection:

Mon Jul 10 2023

3. * Location XY, Z (in.):
402.754, 72.260, 74.763

4. Estimated Crack Length:

6. * Layer Name:
Support Rib

MC 1-032 1 P g == ~ LUy
L
7. * Initial % FSH:: | | | :’. _\
8. * Current % FSH:: ;!;: . . | 7 '. \ ] N
— l::"- \ 2‘ \; : &F = e =
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Next Steps for A-10’s Data Capture

: o
= Smart maintenance tools == (g) IMX"‘
= Spatial Position Tracking N

—  4-6 infrared transmitters

— Requires line-of-sight & provides up to 6 DOF spatial
positional accuracy down to 0.0l inch

= Automatic data population with validation checks
= Expanded Digital thread with full data repository
—  NDI - full wave form for Automated Defect Analysis -
—  Cx Puller - key data and process parameters for “full credit” X PU”EI’ NDI EC probe
—  Screenshots, videos, measurements, and report files g i
"= NCheck as user interface and digital thread repository
= A-10Val/Ver in progress now

€ NDIPartO.  Location Model Files View
[} Select  #Place  €Draw  PErase

1. Crack Found: EEETTTTE TR ORotation < vewiots
Yes (5 ] o0
Tool position

Orientation {degrees]: i |
4500 |1

3. Locatian X Y.Z {in): ." B L 1271042019 1054 -
445.315, 94.291, 70.787 e - F

GRATICLE
10X10

NCheck user interface
Aerospace Structures
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http://www.fatiguetech.com/index.asp

Maintenance Data Visualization

= XY/Z Location indicated on
model

" Files available in real time
* Quickly identify hotspots
" Map damage to model

" |[ntegrate FEM models into the
same coordinate system as the
aircraft

. ALCTOSPALC oLruUcCLures
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Outputs of Digital Twin

= Dashboards

» Datasets OCRECY LAY

0 0 X & Qe CrEImRATIon ot Lsekcids. #0x
@ | = : QL0

wevety Factos H certirad Sacind b P T Pe——

&

B O X # v apotirebns

= Reports

MAPLIED WITH

AP IFD) WITH

ATTUD T READY RO

IMSTALL ™ W PO

« & v - B~ Hapt o iy s Do -

Flight Hour History
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Documents and the Digital Twin

= A-10 ASIP utilizes
report template
robat  Ntign tools in NLign to
AaBb[icI 1 AaB 11 Az generate reports
e based on metadata
" available in the
digital thread

" Double data entry

cah be avoided
through COM
automations

* Documents or written reports
will still be needed and likely not
going away

* The USAF maintenance groups
still strongly prefer to utilize
paper-based documentation for
accountability

" |t is important to have the
ability to go back and forth
between documents and digital
data files

Example of COM in MS Word to allow a two-way sync with
A-10’s NLign database.

. Aerospace Structures
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A-10 Serialized
Tracking

AC Serialized
Components

Actlve Alrcraft
Configuration

AFH & SN
Config

Component
Serial Infa

Extract Servity
Factor

Update Link

N | AdiustEFH

coM
SN Configuration

Matched to
Tail No

* Data flow for damage tolerance prediction validation

eE—"

L
) File Edit Selection View Go Run Terminal Help ® MasterCopyAll[Apr 2023).vb - Visual Studio Code R —
p‘ "UTF-8"7> Untitled-3 @ <2xml version="1.0" encoding="UTF-8"2> Untitled-2 ® <2xml versiol 0" encoding="UTF-8"?> Untitled-1 @ : i
5)
| € > users > 1574146069 > OneDrive - United States Air Force > Documents > A-10 Fleet Risk Data > Prognostics Project > = MasterCopyAll(Apr 2023).vb o
CE1 L
/O 931 sub
932 subi UpdatessI_Risk(assets, DateFormat, NLign, tempDir) .5
3_9 933
934 csvFilelocation As & - -
b’ 935 LogFileLocation As &
o 936
937 docPath
EEI a38 listFields, listFieldLists, fieldItemList, fieldItem, matchedList o
939 i, j As TIn —
940 success
941 NLign = CreateObject(
942 4y
943 i
944  tempDir - Environ(” S a
945 NLign.logEnableFile (tempDir & °
946  DateFormat = Format(Date, "
947 docPath = tempDir & "\" & & DateFormat & ".csv”
248
949 —
950
951 i
952
953
954
955
956
957 success = NLign.trendableUpdateFromCsv{docPath)
958  If Not success Th
959 | MsgBox (“There was an
960 End If
961
962
963 NLign.Disconnect
964 subj
965 | Master Active UpdateCom() ' This will call all the subs to perform the update all at once
966 BEe—
967 NLign, assets, assetlist s
968 tempDir As String T T
969 NLign = CreateObject(
970 NLign.Connect
971
972 tempDir = Environ(“Temp” o —
973 NLign.logEnableFile (te ")
974 DateFormat = Format(Date, "V
@ 975  tempDir = Environ("Temp")
976 assets = NLign.assetNamelist()
{?’!\ 977 assetlist(8)
1) 978 For 1 = @ To assets.Size() - 1

= Example of code written to

implement data model

}I_Assessment

Spacesid Ul

Aerospace Structures

©SOUTHWEST RESEARCH INSTITUTE

swri.org

-~

]

17



Risk Based Inductions and Prognostics

PRoF

Individual aircraft tracking
(IAT) and usage severities

* Fatigue characteristics of
specific material

* Unique geometries that are

Holistic Prognostics

Predictive depot
= High Level overview to

component specific induction priorities
= Live inspection findings

considered the most critical = Repairs
= DTA = Maintenance discrepancies
= Fatigue test data " ETAR, TCTOs,ACI

" |nspection history

. Aerospace Structures s
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Digital Twin and the Lessons Learned

* Data interoperability is important to achieve a true digital twin

" Culture change at the shop requires effort from all parties

* Data wrangling consumes a significant amount of human resources
* Hardware limitations for maintainers is significant

= Merging data to be meaningful requires significant effort

= A.l. tools are needed to fully implement digital engineering solutions

" |T support is mandatory but often lacking

. Aerospace Structures
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Results

Value & Quality of Fatigue Crack Findings

~$0.99
—=30.95

" Holistic prognostic capabilities allowing real-time predictive prioritization
" Instant risk assessment of components, aircraft, and fleet
= Data usability improvements, fewer assumptions
— ~ 100% captured data
= Data accessibility improvements
_  ~800% Faster " amocd mmUWA Nt Usstle -a-vabe AddedFerS

— XYZ coordinates

oIRe BTS¢ B85S

Projected EFH by Base Pro |me¢ o Irftommo-d

— Continued interaction with maintenance group

= Engineering response time reduced from weeks to days " IIIIIIIIIII II I I

" Issues addressed while asset is open and accessible

Homrmin
PR B r———

2030 Flight Hour Projection

| Os of millions $$ in cost avoidance

Fixed interval maintenance

\ Cost avoided $

e e
2
- . {
Service extension

~ Holistic predictive maintenance

Maintenance costs $

Safe life (6.000 hrs.)

. Average flight hours of fleet Aerospace StrUCtU res
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The Digital Thread Lifecycle

Planning/
requirement

Digtal
Master
Variant

Real Aircraft Digital Twin

Digtal
Thread

Ve

Manufacturing

E Suppliers

Production
Discrepancies

Sustainment
S SY

&

-

Replacement

Maintenance

o
Component : Discrepancies
\— —- Inspections

|

Repairs P _
- , Suppliers

Damage
Findings
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ASIP Digital Thread Requirements

5.5.2
|AT
Execution

5.5.11 5.5.8
Repairs ACI

5.5.15
Others as
Required

5.5.12

Force Management
Database

MIL-STD-1530D
TaskV

5.5.9
FSMP updates

5.5.3 5.5.7
DADTA Updates CPCP & Corrosion Updates

554 5.5.10
L/ESS & IAT Updates T.0. Updates

5.5.13
Structural Certification
Updates

5.5.5
NDI Updates

5.5.6 5.5.14
Structural Risk Analysis Economic Service Life
Updates Analysis Updates
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