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NIST Digital Thread Project

* Developing methods & open standards to support validating,
certifying, and connecting engineering models across lifecycle

e Goals

* Seamless traceability:
System -> Design -> Manufacturing -> Operations -> Maintenance

* High-quality manufacturing
* Enterprise knowledge reuse

* Learn more at: http://www.nist.gov/el/msid/syseng/dtsm.cfm



http://www.nist.gov/el/msid/syseng/dtsm.cfm

System Lifecycle Handler (SLH) — Use Cases

* Build digital thread for systems

e Connect to data across the enterprise (Systems, PLM, CAD, ALM, Project
management, Manufacturing, Operations) and spin a digital thread

* Generate models as information moves across disciplines
* Query and search the digital thread
* Manage the digital thread

* Track changes in versioned models connected in the digital thread
 Compare, synchronize, repair connections and models

 Visualize the digital thread



Silos of models and data O

* Organizations deal with a diverse, multi-vendor engineering
toolset.

* They create and store product/system data in a variety of tools,
models and repositories: PLM, ALM, CAD, spreadsheets, databases,
SysML models...

Conceptual Design
System Architecture
et Mg

Detailed Design
PLM



Digital Thread — Connecting the domains for true MBE

* Federating data and models across disciplines

* Connecting model elements and data at different levels of
abstractions

Requirements




Digital Thread — A simple example showing artifacts and connections o

IfA@hangehistequirement, TraceBthefADPand@AMEmodelsfor?
whatBisithe@lownstreaml! thistbartPandetompare@ttributes?
impact,2.qg.2oRCADRINdRCAME] againstitest®Fesults
models?
Requirementsl Mechanicalesign Manufacturing Quality@Anspection
(e.g.MDOORS-NG) (CAD,@.g.iNX,ZCREO,BTEP) (CAM,2.g.MTConnect) (e.g.@IF)

Intra-model
connections

Inter-model
connections



Connections / Links in the Digital Thread

 What is the purpose of model-based connections?

Reference Connections

< > .
Track/compare/sync versions of connected elements

Data Map Connections
+ Track/compare/sync element attributes

Function Wrap Connections
+ Track/execute connection elements

Model Transform Connections
+ Track/compare/sync element structure (multi-level)



Digital Thread is a Graph o

 Graph — Nodes and Edges

* Nodes and Edges may have N1:T1
* Name
* Type (Typed Graph) Ey
* Properties (Property Graph)
« Edges may have N2 : Tl E3: £2 N3 : T2
e Direction (Directed vs. Undirected Graph)
e Graphs can be Ek F4: 3
 Stored
N4 :T3

Queried (Pattern matching)
Traversed (e.g. Breadth-first, Depth-first)
Generated and Transformed

Analyzed



Information models can be abstracted as graphs o
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Testbed model for proof-of-concept — Configurable UAV

bddf[PaCkage] Strfucture[: cUAVEStructu:re - Init:iaIJJ
«block»
cUAV
values
mass : Kg
_|range : Km
max velocity : Kph
endurance : Hr
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«block» Z «block» I «block» Z «block»
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o fightsw
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Flight SW sensors |1.* - . : os :
«block» . «block»
....................... 5. o Line Of Sight Com
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Testbed model for proof-of-concept — Configurable UAV
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Available data and models for the Enclosure Box

e SysML model of the UAV and the payload

* CAD models for multiple variants and revisions of the Box
(SolidWorks files on GitHub)

* Design flow management in JIRA

* 20 instances of each part are manufactured. For each instance:

* Machine sensor data streams for each part instance (MTConnect 1.3
XML on GitHub)

* NC code data - ISO 6983 (G-code files on GitHub)
* First article inspection reports (QIF 2.1 XML on GitHub)
* Receiving inspection reports (QIF 2.1 XML on GitHub)

14



Approach for organizing the digital thread — Schema and Linked Models O
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inter

Demo video #1 — Querying the digital thread
for the simple avionics box assembly




inter

Demo video #2 - Building the digital thread for
the simple avionics box assembly




Model Transformations — Automatically spinning the digital thread

=% Repository Manager

E'.. Connection Manager

o & Connection Browser

(= Connection Summary }f Comparison Result "‘\ Settings

- g Analysis Manager
- apu
B Autopilot
EEI--E Battery
B BlackBox
E-=] Body
Eﬂ--g Communications Controller
EEI--E Communications Interface
£

]Q Cowling

4 [

(System <-> PL

1)

1 7'%; (I
P™ SysML Maodel ‘2, Connection Type L 9 Tco1 & Local File System Repositories
: - = Creo
EHE3 Unmanned Aerial Vehide i (") Reference " Requirements o NX
=- g Aircraft Platform ] - Satellite (Precise BOM) Simulink
) Function Wrap __ Tracelinks o
~[_F] blackbox : BlackBox § = IM*,-'SQL Repositories
-[F body : Body = || () Data Map El- . UAV (Imprecise BOM) . mysqLi
-[F elec assembly : Electrical Assembly @ Model Transform L——_I" 000454-Unmanned Aerial Vehide = Tiimcenmr Repositories
[Tl engine : Engine ) Bt %, 000464/A; 1-Unmanned Aerial vehi © & 4 TC101
) : TCa1
. - % 000464/8; 1-Unmanned Aerial Vehi =
~[F] fule system : Fuel System i /B; 4 'L"'.I'II‘ldd‘lI" Repositories
~[_F] powetrain : Powertrain m 2 WC101
[T rotor : Rotor ' I 85 Unmanned Aerial Vehide-=Fire 5 WC102
- F] tail assembly : Tail Assembly G'enera te M Ode S = “f 000464/C-View { Imprecise )

5 aircraft platform : uncﬁawztch TepOS
5 gps : 000466/A; 1-GPS

“# autopilot : 000467 /4; 1-Autopilo
7 databus : 000468/A; 1-Databus
“F flight controller : 000459 /A; 1-Fi
“J payload controller : D00470/A;1
“F communications controller : 000
T wimax module @ 000472/A; 1-Wil
' f gprs module : 000473/A; 1-GPRS

TH P

a W

BLOCK_TC_PART_MODEL_TRAMNSFORM_CONMECTION

[10:52:48] INFO SysML dependendies will not be generated from Teamcenter trace links for item DDS Middleware, Option to generate SysML dependendes and

trace links is not selected in Syndeia settings.

[10:52:48] INFO Finished generating blodk structure and creating connections for part DDS Middleware
[10:52:48] INFO SysML dependencles '.-'-.'|II not be generated from Teamcenter trace links for item Software System, Option to generate SysML dependencies and

+i lismlem in mun |t i

Ready

10:54:22 AM  442Mof 791M | [ 18




Digital Thread as a conduit for information flow

Requirements
(SE -> ME)

Mass properties
(ME -> SE)

Repasitory Manager E',, Connection Manager | .4, Connection Browser - Connection Summary }E Comparison Result Settings I
r &7
S
P™ SysML Model ‘=, Connection Type = Creo = I
L
= 1]
E-F Automobile System “ | ® Reference 1_formula_sae_racecar.asm.115 - %
E 1 FORMULA SAE RACECAR - 1| 1_formula_sae_racecar.asm. 116 ;
o T () Function Wrap I 1_formula_sae_racecar.asm.117 o
-] 20_8950_10 D (1 - _sae_| 35, 5
EH-=] 20_6950_10_MIR =||| © Data Map _J _ g
: - . -
m-=] 618132R51_AsM_2 @ Model Transform [ :MANIFOLD =
0= 618132R51_ASM_2_MIR Bt | : SUSPENSION |
=-E 618130081 PART1 1 B-J) : DIFFERENTIAL
E-E 61813251 PART1 1 MIR Bt | :RR_CORNER
E-=] 618132r51_PART2 2 B-(J) @ CENTER_SUPPORT
E 618132RS1 _PART2 2 MIR I --_J : FROMT_FAIRING_COMPLETE
&- 618132r51_PART3 2 B[ :LF_CORNER
e il | Crimkrm rakl
«blocks = -
«Creo_Assemblys Ql & || L4 )| (2, & | |3 o0
1_FORMULA_SAE_RACECAR
MANIFOLD - MANIFOLD N
SUSPENSION © SUSPENSION
DIFFERENTIAL - DIFFERENTIAL
RR_CORMER : RR_CORNER
CENTER_SUPPORT - CENTER_SUPPORT
FRONT_FAIRING_COMPLETE - FRONT_FAIRING COMPLETE
LF_CORNER ' LF_CORNER
FRONT_PAN - FRONT_PAN
FRONT_FAIRING - FRONT_FAIRING
FLOORBOARD : FLOORBOARD
SEAT - SEAT
LR_CORMER : LR_CORNER
RF_CORMER - RF_CORNER
REAR_MOUNT : REAR_MOUNT
MOTOR - MOTOR
CHASSIS - CHASSIS
FRONT_WING - FRONT_WING
vaiues
«Creo_Mass_Property» mass : Real = 4368835.841697232{base_Property NIA"}
@ . Property» volume : Real = 7931.782068842051{base P in"3"}
i density - Real = 550.8012958221673{base_P = "N/A"} —
| surface_area : Real = 35920.021892241966{ba unit = "in*2"}
| lower_left_x : Real = -33.0767551555497 3 {base /, unit = "in"}
S5 _| lower_left_y : Real = -3.710721295311635/base unit = "in"}
s | lower_left_z : Real = -24.500000000000004{ba: unit ="in"}
s _| upper_right_x : Real = 27.722209118508943/b: y. unit = "in"}
s unit = "in"}
s_Pr y. unit = "in"}

7
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Tracking changes in connected models in the digital thread

=% Repository Manager a Connection Manager ;ﬁ; Connection Browser | | g Connection Summary }f Comparison Result ‘K, Settings

Type here to filter connections | Clear | | Export to Excel
ConnID - | Source + | Target + | Latest Target « | Comment ~ ([
Ewiy £3f03... Unmanned Aerial Vehidle 000464/C; 2-Unmanned Aerial Vehide 000464/C; 2-Unmanned Aerial Vehide  The block Unmanned Aerial Vehic... =

----- wimnax module : WiMax Module wimax module : 000472/4; 1-WiMa... wimax module ; 000472/A; 1-WiMax M. .. Part property wimax module and...

----- visual camera : Visual Camera visual camera : 000475/4; 1-Visual ... visual camera : 000475/A; 1-Visual Ca... Part property visual camera and ...

----- trackers : Sensor Part property trackers has no co...

----- thermal camera : Thermal Camera thermal camera : 000476/A; 1-Ther... thermal camera : 000476/A; 1-Therma... Part property thermal camera an... |z

----- software : Software System software : 000487/B; 1-5oftware 5... software : 000487 /8; 1-Software Syst... Part property software and part...

----- payload controller : Payload Controller payload controller : 000470/A;1-F... payload controller : 000470/4; 1-Payl... Part property payload controller ...

----- modem : Spread Spectrum Radio M... modem : 000474/A; 1-Spread Spec... modem : 000474/4; 1-5pread Spectru... Part property modem and part o...

----- ir detector : Wide Angle IR Detector  ir detector ; 000477/A; 1-Wide Ang... ir detector : 000477/A; 1-Wide Angle I... Part property ir detector and pa...

----- aps : GPS gps : 000466/A; 1-GPS gps : 000466/A; 1-GPS Part property gps and part ocou...

----- gprs module : GPRS UMTS Module gprs module : 000473/4; 1-GPRS U... gprs module : 000473/4; 1-GPRS UMT... Part property gprs module and p...

----- flight controller : Flight Controller flight controller : 000469/A; 1-Fligh... flight controller : 000469/A; 1-Flight C... Part property flight controller an... -
e W

[11:56:22] IMFO Comparing SysML part property and Teamcenter part occurrence (BOM line with ref des) thermal camera.

Ready

11:56:55 AM

543M of 736M T
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TOTAL SYSTEM MODEL (TSM)

Total System Model — A snapshot of the digital thread

CAD model
(Creo, NX, CATIA,...)

MATLAB / Simulink &
Mathematica models

Thermal Model of & House

\ -
Docu;nents & | =

Spreadsheets
! \
!

[ ‘\ 7
1SysML,
] _.\/\

= P

\

Optimization
models

Connections based on Reference,
Data Map, Function Wrap, Model
Transform, and Composite patterns

Requirement
models

CAE (FEA/CFD)
models

Other

Artifacts and
Databases

Connect architecture model
(SysML) with domain-specific
models

Total System Model (TSM) as a
digital blueprint of the system
connecting models across
disciplines, tools, and version-
management systems

Goal: Seamless traceability
between disciplines across the
system lifecycle

21



Total System Model maturing though the lifecycle

TSM evolves as each of the version-managed models evolve

T1 T2 T3 T4
(Baseline B1) (Baseline B2)

- - >
Timeline

22



Handler System — A registry for all participants in the digital thread o

* Provides a unique registry for all artifacts in the digital thread (similar to DOI)

* Global ID system to identify artifacts (part, sensor, data, machines, ...)
e chain of addesses {A1, A2, A3, ...} similar to postal address. Addesses may be URlIs.

e Basic meta-data for each artifact (full artifact data in native repository — PLM,
ALM,...)

e Uses Handle.Net system

-------------------------

=

FEDERATED SYSTEM
PEOPLE MACHINES DATA THINGS INTEGRATION

23



Example entry in the Handle System for a Heat Sink part

& > C @ Secure | https://hdl.mfg.i0/20.500.119 7-9999-904.stp?noredirect w © 'l
Handle.Net®
Handle Values for: 20.500.11993/d2mi.cad.827-9999-904 stp
Index Type Timestamp Data
1 URL 2017-08-31 03:29:03Z https://smstestbed.nist.gov/tdp/d2mi/CAD/827-9999-904 st
Handler S S tem 2 TYPE 2017-08-31 03:29:03Z cyber.data.model.design
3 SCHEMA 2017-08-31 03:29:03Z hittp://schema.org/ProductModel
1 f . 4 DATE_CREATE 2017-08-31 03:29:03Z 2017-07-06
° 8 ATTRIBUTE  2017-08-31 03:52:13Z {
https:/ /hdl.mfg.io
- - ||@graph|l: [
"@id": "#model",

"@type": "ProductModel",

"additionalType": "http://www.productontology.org/id/heat_sink",
"description": "A heat sink for an aerospace avionics printed circuit board",
"gtin13": "6921407390089",

"name": "Aluminum Heatsink"

"@type": "DigitalDocument",

L]
E ntry f O r he H e a-t Slnk p a-rt “gll)t:)l:l‘t)'l::rn“?;e:sigrg‘:llggg)?(ﬁfie,at sink for an aerospace avionics printed circuit board",

"author": "https://hdl.mfg.i0/20.500.11993/nist.tdh1",

https:/ /hdl.mfg.io/20.500.1199 Sl B

"@type": "DigitalDocumentPermissionType",

3 / d Zmi .Ca d . 8 2 7— 9 9 9 9 - :g:;lmt:g?x{ﬂype"; "http://schema.org/WritePermission",

"@type": "Person",

"name": "Thomas Hedberg",

9 04 ° S tp ? nO re d ire Ct ) "identifier": "https://hdl.mfg.i0/20.500.11993/nist.tdh1"

3
{

"@type": "DigitalDocumentPermissionType",
"permissionType": "http://schema.org/ReadPermission",
"grantee": {

"@type": "Audience",

"audienceType": "public"

} 24


https://hdl.mfg.io/20.500.11993/d2mi.cad.827-9999-904.stp?noredirect
https://hdl.mfg.io/

API for the digital thread O

Request URL

* REST/HTTP API to access data in
reerrespone the digital thread, such as:

Code Details

20 peonsebody * Repositories, projects, model
{ elements, and connections

"statusCode": 200,
"headers": {},
"pageInfo": {

Istartindects o) e Query capabilities to search for

o connections given type, source,

{ . . o
"id": "63bd28f1-2fd9-11e8-9021-336807f93a57", ta rget’ etc. (baS|C graph naV|gat|0n)

"createdBy": "af860442-f78b-11e7-b394-c9ef258a9419",

"createdDate": "2018-03-24 23:05:36.252-0400",

"modifiedBy": "af860442-f78b-11e7-b394-c9ef258a9419",

"modifiedDate": "2018-03-24 23:05:36.252-0400", P b

"key": "JAMA-30", F d t f pp th t

D SR s oundation 1or new apps tnat can
"name": "Jama 3 @ Intercax",

b be built to access, analyze,

"RESTFUL_REQUESTS": "[]"

enhance the digital thread

"id": "63bd28f3-2fd9-11e8-9021-336807f93a57",

"name": "Jama repository"

1},

"host": "https://intercax.jamacloud.com",
"authentication": {}

1,

{

25



Tools used in this proof-of-concept (POC) O

System Lifecycle Handler

uses (POC Implementation)
>
connects to /\
——————— >
Syndeia [ Handle.net }
_ -
_-=" 271 N T~_ N
_ - P ’ // 1 S N ~<_
L= s | N N ~ < -
Ne04] .’ k// ‘\ = T~ o N
7 . GitHub
- .~ Jama :‘/ NX,
MagicDraw JIRA SolidWorks

See www.syndeia.com for a complete list of capabilities 2



http://www.syndeia.com/

Open Standards and APIls used in this POC

* SysML

* MTConnect

* QIF

* JSON

 REST/HTTP

* OSLC

* OAuth

* JDBC

e Other relevant open standards — STEP, FMI

* Native APls, and Multiple open source Apache and Google libraries

27



Next Steps o

 Common schemal(s) for the artifacts and relationships in the digital
thread

* Library of queries (FAQs) for the digital thread
e Tracking active lifecycle states — design, make, ops, service

* Explore multi-level change management scenarios, e.g. replay
cascading changes that may happen if one artifact changes

 Test suites for V&V of the digital thread, automated testing and
release builds (Technical Data Packages) of the digital thread

28



Questions and Comments o

Manas Bajaj, PhD -- manas.bajaj@intercax.com
Dirk Zwemer, PhD -- dirk.zwemer@intercax.com

Intercax

Thomas Hedberg -- thomas.hedberg@nist.gov
NIST
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