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The Digital Thread, in various incamations, has been a core element of the product | lllocm managemant

wmmmmuvmmmmawmm,uwrym.lmlmomuy,
tracing lmmnumpmm-mmnlm axtracting product Information from myriad
neous syster ulm\glh'mn.dhocnpwh Bulmwlnm-.mu\mmmwuu
PLM solutions, the Digital Thread, with automated
aven for industries

with compiax products, muwm&dﬂmu v pTC SII M I NS
In mpo-\«luﬂml NMDIM nmmm(uwmmm and
0nvision axpanding thes wwm-upa and cownstream throughout the product iifecycle. Wieh the
newness of this approach there & not much a mmmmmw-mwmumlmm
This lack of real data is a mmbmﬂumm ent within industry. On the other hand, solution providers
lack Insight into current state and future investmaent drivars within Incustry that is crucial 10 their solution
strategies and
m&qumwm(mmsm of & d
‘which functions a: group for mnnsmmmymmmmm and senvice

providers. wulm-ah nwtm%ﬁoummmwlmwwmmm gfg = Objective
oo e e A&D PLM Action Group®X >/ —&EPLMY U 2 —

o provide mea to both
communities on industrial needs, status, and plans bnn«agn.-mnunm Andmolurvvylo

@ather your perspective is a key component of our research. ya\/jg/(“%y“@g/ﬁ\/#—/J\ :@ U#—fwg
Completing the survey shoukd take 30-40 minutes of your time. Only summary statistics and charts of your
mmwllhwmdbu-p«m nd published by the CiMdata team. Rnoom Nts can request a

those fuf the survey with a business email address 57 ﬁjé -
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The drawing for the incentives will be randomized and made after the survey is closed.

e 7’ ICRBEES/EDIC, FIRADZ — I PHEREIEHF

In return for your

Please read and answer all of the questions.

o IB/EDIC

hitez/waw.ClMdata.com!

Copyright © 2023



BERUNE(CDLT

RERDEPIFND 1> 9E2—& T 0T 1
VIFNDAY ST P —NT

1V9Ea1— T—~A
- CIMdata(d, UTO3BOIZI2=FTACI1VHY  + BHODRELNDEMNBAY S VABEOOEZF
E1—%%HE (FERD. D L7
© BILLPLMYL 2 —23 270/ F54L, C H—RAl, BRER->T, BEECRFHELS
» SWLIEY Y-y 3V TONAIHHERT DAKD NBEAS ELT LS CTH A Y
ERBBOL. IO . EEEBOAHICEIZTIIIAL Y RERDEHD
* AD PAGEX /N —{B3K5%t RREAPRABERS BRI DT ENBETH ST
« 1Y E21—UIAKDREI0t U T D@D + P—RANOBEDFIRREIFHI309 TH o 7=
kv 74005594 (23%) . - BEULWHEEER UL
~y 72005574 (35%) « LT » Y—RAZTET BLOCHERERE HN%E
~y 71005554 (50% ) SBELREDE. TIFILALYRDREYD(C

c 1YY I-—HSESNERRE. 9T TPV — BIDrXAY IFRIN—rDHTHOTE

~DOBRIEE DERICEN ST

Copyright © 2023



B —XAOEZFICEST DET

# 51 FI— R CIBL TS
@ T FEE D P

x@hlnth o Yl b

< $500
million
27%

Industrial Aerospace

Equipment and
9% Defense
57%

Auto & Other
Transportation
13%

$10 billion

to $50
billion $1 billion to $500

10 billion million to
R 24% $1 billion
2%

Copyright © 2023



« (FUSIC (Introduction)

c EERICHFZDTIVILALY ROIKRERLY K - UG —FER
« TIYFIIAL Y KDOWhat & Why
« EERICBIFBZTIYILAL Y KDIRIK
« EERICHBFDBTIVILRL Y RIERDIZHDIKREHB
Va1 —33VDEEN - BEEE T O/\1 Y EE

« #50 - IR (Concluding Remarks)

Copyright © 2023



LROEM = (FAMBICIBHII LK TUL\S
BEOHFEOSED Bl TIPI V1 vERERLIEWE
LS FEE)

e—\\ N b’y \W A HIEIE A E TORE E R DB RE B
) J j a #LW\ERT 2/ 09— D
DODHZREE LT TR CIEE T 3 EEDEREER

#e3, LWSBE
AVTSAPYVRELF 2T 1 DEFHIEEEDIER
s ‘ Y T N T PHIEIOX D RO=H R /01 RIS,
ERRDIPEICH TS TV v RD SHEEAL IS oSSR |
N < > Ay [ e - FEEEDT I VNIV IZPIIT RIS —
BESH VST (X FEF (C AR TH S MA (2D, HLWEIRZ 1= hERRDEYRR
= REDISRL—Y3 VAL B TLS
v

AN ~A EBZEHZEB
® ’]/\JQ t\\l_(g\ I'a%;‘a:t—_ %H:) 0)7_'“‘\/9”/2 0% 10% 20% 30% 40% 50% 60% 70%

Lw |\‘\ D E% (& ? ] ELVS gﬁ:ﬁ H 5 9/6 3{' ) 7:‘_'_0 15 Product complexitybhas c?r:ltinued to
@Em 3 E%%{kﬁs‘ = increase substantially

Rising customer expectations, e.g., a desire

" Ny N to deploy digital twins
PR st M 7 S () B 2 (— A=
° -'j- /\’l’ @ (=) %OD (g(i#yﬁt) N 'H:WTGDE-?‘Z(‘— oK Emphasis on time to market and the search
< . L A — T ——
LTV ARSNEERZSRUTLDEIEE for efficiencies
'| / 45'{5% New enabling technologies have emerged [N
DOD’s stated goal to “Provide an Enduring, —
0% 10% 20% 30% 40% 50% 60% Authoritative Source of Truth”
We do not have a commonly Increasing ct-)mpliancc? artq fecurity P
agreed-to definition . regulations and liabilities
Complex software controlled mechatronic e
Yes, we have one that was o devices require crossdiscipline collaboration
developed internally
Yes. we based ours on a Government entity digital engineering policy [IINNEGN
published definition e BB SN EEEA M&A’s making it hard to collaborate across I
Yes, we use a published %i[’\]?“ﬁaﬁ% LEb0hH S new and legacy business units
- I ABFESNEEBICEINTLS
definition NESNCERERAET S Other N
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FY9 AL v KOWhat & Why

AN N N T U N NN

Tﬂ@iﬂiﬂﬂﬁﬁ%ﬁi@ 0)§b‘ﬁbie§k?‘5

HROYBNTEESYD, TRTOEDE (incarnations) ZiE L THIEEHKT S
REORBE L ICEEER(CBAOIIEHDLERANOIO—/(Y U ERETS
BEVPYTISM FI—YESORELRECLBLERSHE
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- ) FTIZIAL Y I\“(a*{‘m\ (The Digital Thread Is)
FTIPIAL Y RI(IaZT BDh (The Digital Thread Does) 0% 10% 20% 3% 40% SO 6o% 70% 0%

Linkage and traceability between data
0% 10% 20% 30% 40% 50% 60% 70% 80% elements at the meta data level

Interoperability between data elements for
Establishes traceabity ofproduct nformarion interpretation of one by the other NN N S

Combination of data model and technologies

Across th.e multip|e domains in the Iifecvc'eJ _ that facilitate the data model

(mechanical, E/E, software, and firmware)

Being able to measure and monitor

Meaningful relationship connections between oo traceability -H-I-
a product’s digital assets J
Exists between data elements in tools from a -H-I.

Facilitates the handoff of data from _ wide range of software providers

stakeholder to stakeholder downstream
Not a software system that is purchased || NI

Follows the product through all its oo | |

incarnations, including its physical form . ,
Virtual data layer that sits on top and --.
Facilitates flow back upstream to inform s orchestrates the product definition | |
change management over time

An attribute of an enterprise’s mformatlon

Throughout the extended el iRAAST RLOMIREAL characteristics of what a digitatthread is an

custemersandthe e it does relate to "establishing traceability Of BRI TALaEH h‘-'

Is a prerequisite for a Digital Twin [———
Other -

TIZIALY FOROBEBHFHE. "HRBERD

Copyright © 2023

) Other [ FL—HEUT « DB (CETZHDTH D,



TIPIALY KDY 21—Dw kTUY K

TOISLRF— - BT DERES 1 T
2L DEENI &2 THA T SHEH D

Concept Development Production Stage Retirement
Stage Stage Stage Support Stage
Stage

ISO 15288 System Lifecycle

Currently Implemented Near Term (<3 years) Longer Term (>3 years)
0% 10% 20% 30% 40% 50% 0% 10% 20% 30% 40% 50% 0% 10% 20% 30% 40% 50%

Concept Stage
Development Stage
Production Stage

Utilization Stage

N

FRFEERPE
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U/‘I‘\’: l;EQIFé‘
Retirement Stage TRESERMS
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Currently Implemented Longer Term (>3 years)

10% 20%

Near Term (<3 years)

#
H

Needs and Requirements data

30% 0% 50% 0%
A —
Program planning and control data  IEEEEEEEG_—_—__——

Functional and logical data G

Design data (mechanical) ||
¥ : - i '

Traceability monitoring data  [NEG_——_—

|

|

Design data (electrical, electronic) # J ————— 1
Design data (software) * ) ' e ———
1 t '
Engineering data (i, ¢BOM)  EEEE— | S
Simulation and test data —' " [ ' ' # )
} t t v v T
Sales data (CTO, ETO, other) e
Manufacturing planning data (i.e., mBOM) IEEEEEEEGEGE_—_—__———— | ——
Manufacturing performance data I e
Manufacturing equipment performance data (e.g., lloT) IEEEEEG—_—_—__— |
Service planning data (i.e., sBOM) IEEEEG—_—_—_ =t
Operational performance data (e.g., loT) NEEEG—_<—__E—— | ————
Materials data NN ==l Vel
Reliability, Availability, Maintainability, Safety data  ESEEG_NN _--
¥ + v T +
Mission Simulation data  EEG—_<_E e
Cyber Security data  IEEEEGEG_G— e e il
14 Sustainment (MRO) data NN ——e—] ‘M J

10% 20% 30% ao% S0% o% 10% 20% 30% o 50%

A N N N N N N N N NEN

Z-REEHDT—H
J003 LHBE LDV AO—ILT—5
HERET — 5 & SREBT — %
HEtT—5 (XA)
cL—HEUFAEZIYVITT—H
®EtT—% (BX. BF)
EHT—5 (VI hDIP)
TIYIZFPYUYVY T—4 (eBOM)
YZalL—Y3avVETRRDT—Y
SB¥F—4 (CTO. ETO. ft)
SHESHBT—% (MBOM)

F—5

DEET—% (Fe&Z L lloT)
H—EREBT—4 (fz&EX(E sBOM)
BRI/ A—VYRT—H (& ZIK loT)
MR —5 \
E58E. IJRM. RTHE. 22475
Swy3ayyIal—yavs—4
YA N\N—tFa2UF1sT—%
HRFA U XY~ (MRO) T—%
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BENTEFEZEE (Assigned Importance)

$1T7RE (Currently Implemented) R
0% 10% 20% 30% 40% Conceptual Design Traceability to

Detailed Design
Conceptual Design Traceability to

Detaile Design Design Optimization and Validation
Design Optimization and Validation
Cross-Discipline Engineering

Cross-Discipline Engineering

Cross-Discipline Traceability
Cross-Discipline Traceability
>4 7942 BOMERE

Model-Based Systems Engineering F
FIVIAVINORPERAY ~ -

Model-Based Systems Engineering
BISAFr—vISRL—Y3 Y Model-Based Enterprise
WETYIZFPUVYT
BUERIT
P—ER&ARII—DRFaAXYTF—Y3Y Lifecycle BOM Management
AVI ST 1 TREEERT
T4 =Ry O I—FCKBIREE
YRFAFEVUT A ZRET DD RELS L—HEUF Change Impact Assessment

Model-Based Enterprise

Lifecycle BOM Management

v
v
v
v
v
v
v
v
v
v
v
v
v
v
v

Change Impact Assessment

Supply Chain Collaboration
Supply Chain Collaboration

facturing Eng

s L D 7 — 25— IR E N BB e T DR B K
“ﬁj“/fe‘éi‘“& DT> RS NE FIZIR L v RNRIRED I BHAID R
Service & Customer Documentation /(_ 55 > &;2/7_ g—fg%f fgfﬁ?@éodmhonand —

Interactive Production and Maintenance Maintenance
stionBeved st predictie | || Condition Based and Predictive | | | '
[ B and P L Maintenance with Feedback Loops
Maintenance with Feedback Loops
Design Rationale T bility fo Design Rationale Traceability for E
esign nationale Traceabll! r Sustainment Decisions 2
1 Sustainment Decisions - Copyright © 2023

m Essential mImportant ® Nice to Have Not important / Not Applicable
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ZRELTULBS

c ZDF¥F PV ITEFENAV Y 21— 370
INAFCEDTREREIRRAF PR

B Immature m Mature = IndustryLeading v Pysy (\:. 7«.\
ANTS)

v 8 - EETEhE

Vision

Planning and Funding

Current Implementations
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KB (Looking to the Future)
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c TIYVNALYRIZ2ZT 14 ZBEE. I\—bF—, U754 VP—(CILXK
L. EDFEESHIBICEICESHEENNDESS

« MBSEMNWSEDIREDERLRENH (fundamental driver) E1R3B7E3 S

c RORT—I(E, KDBMTEIHBREDICRBDIESD

 TABARERS, B0 LRSI SR THERY TRISNETOY 5.
DBIHD D
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SROKEBBTER

LT 'QJLZI/ NS

Y0—-XRIL—TRE

"INV AYDIVI4TL—Y3avVDORL—HEUFT <
—2P—EZR
JLRLY RANLY Y d

Y RTFLYTSAv—& OEMD Y — AL RBHEE

ATAORE&EWFE (Al/ML) DRE

EACMEP. ARV €YVYTAORCELZTOEBRAIR—TILAV ~

JIVTS4A47 J;{t%ﬁﬁﬂ
295y TOBMIIC K SHEEL
EAPORRZBUT D EHNTERL
f’i‘ 1%/ B a2 DB/ B EDChE
MRV T 1 JL—> 3 V% (XN, E/E. SW)
ZIDET X (SRFPOZEILER

NN N N N N N N N NN

B (pain p0//zts) D_LTlE, 7ot=EL
7-1&/\// —VEVT 7 [CEGETSDDT, Hx
@_t/_Z/JSE/L./;g?‘-é'B@?@éo % (Opportunities)

Mé’}d)% (Paln Points)

R LR Systemsenglneeﬂn(/MBD/MBE/MBSEJ

Inability to trace requirements throughout F
product data J Quality compliance

Productivity loss finding and valldatlng
data

Inability to collect and act upon
operational data

AN NE NN A N N N N NN

10% 20% 30% 40% S0% 60% 70%

3

Readiness analysis by integrating PLM, ERP
and logistics data

Closed-loop verification & validation to
requirements J

Simulation to design revision traceability J

Ingesting product data from multiple
sources in multiple formats J

Accessing key data attributes locked wlthl
the models

Lack of data consistency throughout
product lifecycle

Compliance and industry regulations

Full Digital Thread search

Closed-loop quality

Digital Twin configuration traceability

Waste in the form of scrap and rework Model-based service

Inability to track products in use Measurement of digital thread coverage
Seamless integration of sub-system suppliers

Safety / Catastrophic failure avoidance / with system OEM
Liability avoidance
Enablement of artificial intelligence and
Cross-discipline configuration coordination machine learning (AI/ML)

(mech, E/E, SW)
Process bl t with behaviors,

and semantics

<

N"Hlllllll

Compliance with customer contracts or

18 RFP differentiators
®m Near Term w Longer Term = Notin Plan

umnun
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R IhEkEE (Strategies for Success)

I BEENDRI

PN NN NE RN

BEDYIR— ~ 28y

BEOXIEEEPT

ABOBAR (LEZXE. YRFAAYTIL—9—) ZB55E3

ERNBERERTOY S LERET S
YR—RENTWRBWIRFADNS LAY —FT—9%BITTS

BEREEELT

/7 roz77ONAFCHTBLNLYYERDD

FZPAEZER (Principal Inhibitors) 1EFDFER (Means for Mitigation

0% 10% 20% 30% 40% 50% 0

SR L B ST AU
() EeesrioEzzs

AN N NN NN

X

10% 20% 30% 40% 50%

Lack of interoperability between
different vendors’ tools and systems

Increase support of standards  [INEEEGEGEGEGEE—

. . . . Increase management support
Complexity of organizational impact and

cultural resistance Engage outside experts (e.g., systems

O/ S —
integrator) S —
Lack of knowledge or confidence in the Deliver an organizational change I —
technology management program

Migrate legacy data from obsolete and [ ——
Lack of information traceability between unsupported systems

[————

S —

different vendors’ tools and systems
Increase funding

Confusion surrounding the concept and
ROI of Digital Thread

wpt e ek B DR EE R =A% T 3 EADE 1101t BRSNS 5~y —
B4 EELAEER Lack ability to properly secure data w TL\ /%704(-55@/@&@;??[7”

 IEHEESE originating from multiple systems
- X4 F—HEERA

. Hh 5L Existing contract Ian m Zﬁa Eﬁf %—7 /_Z /a/’ “ E‘ @ #/7‘— /\ ;d‘:féé,,j ?"”

customers and/or subcontractors

HIH

Increase leverage on software providers

M Most Significant Inhibitor ® Major Inhibitor = Minor Inhibitor Don’t' know Copyright © 2023



Solution Technologies
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\/ lJ i / 3 77 / D PLM & POM

NARYLTPFTVT—>3Y
UV D%HDT—IHEE
HEbusHz(Fhub

. ggﬂ%?%7#’fﬁ/ 7 y;f/fﬁ:g /;é% LT ;—ZU;ZZD“}#L/—#E‘U?»{‘/U1—93)

>4 ?“é/t da/:ﬁrg@@gn T\ BEEGIEL 02— KMRT>Y 71—
7 2= UVHIERLETSY /0S—
o (Technologies Used to Link)
ERR & BEBICERALETS /03—

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%
(Technologies Used to Create & Consume)

-~
0% 10% 20% 30% 40% S50% 60% 70% 80% 90% PLM and PDM
PLM and PDM ERP - Tier 1
Mechanical Computer-Aided Design (MCAD)
PLM & PDM Enterprise Resource Planning (ERP) =

XAHCAD

ERP

= L—vay R Simulation and Analysis
AT RPTVT—y3Y

SHEE Office Applications
MES

E5XCAD Requirements Management
YRFAETUVT

Linked data capabilities
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« Access A&D PLM Action Group resources at www.ad-pag.com

 Digital Twin/Digital Thread Solution Definition for Aerospace and Defense: Phase 3, position
paper, Feb 2023

« Digital Twin/Digital Thread Solution Definition for Aerospace and Defense: Phase 2, position
paper, Jul 2022

« Multiple View Bill of Materials (BOM) Solution Evaluation Benchmarks, report, Jul 2020
« Multiple View Bill of Materials, position paper, Feb 2019

« Access ClMdata resources at www.CIMdata.com
« Multi-view BOM Value Potential, webinar, Apr 2022

« The Digital Thread is Really a Web, with the Engineering Bill of Materials at Its Center, webinar,
Sep 2021

« Making Multi-view BOM a Reality, webinar, Mar 2020
 Contact for further discussion

James Roche, Aerospace & Defense Practice Director
Email: j.roche@CIMdata.com
Tel: +1.734.668.9922
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