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Universally Unigue ldentifiers (UUID)

 UUID is a large number that is unlikely to ever be duplicated

* There are four types of UUID
 UUID.4 is generally preferred
* UUID.5 retains some history

* Different opinions on how to use the UUID

e UUID used for one value/entity
* UUID links several values/entities

* This project is about using UUID’s to identify digital twins
* The digital twin is described in many places / data formats
 The UUID identifies the twin in all the places.




Use cases for manufacturing

1. The digital twin is explicitly modeled
* The design of a bolt

2. The digital twin is implicitly modeled
* The six bolts in the AS1 assembly

3. The digital twin will exist at a future time
* The holes that are going to be drilled and filled on a wing




|deas explored - November 2021 to May 2022

* FAIR example — showing value of linking data
* EBOM vs MBOM issues
* Assembly breakdown and digital twin indexes

 UUID management methods
e OT solution using Information model
* |T solution using Linked data

* Digital Twin examples
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FAIR Example

Example: QIF report.

Serial Number

Part Name: Boxy
QPids

ASME Y14 45 Single Part Data Report Example

12032220+ 250a-4524-8654-32e0eBd 14242

CharacterisicName @

FLATNESS_1
FLATNESS_ 2
FLATNESS_ 3
FLATNESS_4
FLATNESS_S
PERPENDICULARITY_1
PERPENDICULARITY 2
PERPENDICULARITY 3
PERPENDICULARITY_4
DISTANCEBTW_1
DISTANCEBTW_2
DIAMETER 1
DIAMETER 2

haracterstic QPId

3
3

@04¢20a3 4e0 7-4119-808¢- 7ect45137ac2
206¢972-33104437-09 25-0¢77¢ 7205012
30210¢11-5084-4114-209012 3738297569
6701647 1-0fat-417¢-8de0-7Te%0251eash4
D900d425-2402-4556-8725-38703415702b
c0115¢2¢-6796-40b4-bb3d-THES 66580024
6007370¢-0612-499¢-083-461c04e 880G 7
00 Sbd430-5428-4902-07309eb82ae930¢3
Cab7bDcS 34d1-470 50801194100 1023
8c5¢ad4e-5050-4092-872¢- 20688 432000 1
31017202-2066-441d-B35M-6a4766547b 74
3CBLcS44-3925-2010-0at6- 591 216004356
641570¢a-0354-4484-532-¢da80c048b ¢

Part Serialm: 1

Specification
ASME Y14 5-2008
ASME Y14 5-2005
ASME Y14.5-2008
ASME Y14.5-2008
ASME Y14.5-2005
ASME Y14 5-2008
ASME Y14.5-2008
ASME ¥14.5-2009
ASME Y14.5-2005
ASME Y14 5-2008
ASME Y14 5-2008
ASME Y14 5-2006
ASME Y14.5-2005

3D CAD

Part Number

Report ¥ QA-12345

3D CAD Model QP 9637a2e8-90e4-40c3-8chB-0c53¢a0706!a Report QPIg: S85eeeB8a-27¢2-4300-81d3-3c05a1333de

Min Spec

0.000
0.000

0.000
0.000
0.000
0.000
0.000
0000
55200
58.700
15.200
15,200

Max Spec

0.100
0.200
0.100
0.100
0.100
0.025
0.025
0.025
0.025
60.300
60.300
16.800
16,800

Measwred Value

0.001
0.001
0.001
0001
0.001
0.017
0.015
0.010
0.010
55.953
59.964
17.20%
18.002

oolng/Equipment

Acept?

-
PASS CMM
PASS CMM
PASS TMM
PASS CMM
PASS CMM
PASS MM
PASS CMM
PASS CMIM
PASS CMM
PASS CMM
PASS CMM
FAIL O
FAIL CMm

N

Model Based Product Characteristics

Noa-Condarmance @

Commaents

NCR= 12345
NCR® 12345

ISO 23247 Demonstration Use Case 2

Image on this page is used with permission from Mitutoyo America inc.
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EBOM/MBOM test case

5 designed items have
engineering requirements
(plate, L-Bracket, nut, bolt, rod)

£ STEP-NC Machine - as1-ac-214

Eile View Setup Simulate Tolerances Probing

Toclpaths

Help

NEod @L004 & cib & R & & & [P View v [[]Feeds [ Position “} Machine Tool ~ [E] Cross Section | @

< Back gOpen Files + Forward > Go to STRL

MTonnect’ Machine URL
I« -
v

(|

D Track
Model ' Toolsfor WS Features for WS Tolerances for WS Probing

Raw Finished Delta Fiture Tool [ PMI [ Exras

ERP: W workpiece - as1-ac-214
=By AST-AC-214
&, PLATE
= ¢By L-BRACKET ASSEMBLY
LBy LBRACKET
148y NUT-BOLT ASSEMBLY
[ N-ToThs
Ly NUT
=4l NUT-BOLT ASSEMBLY

28 nodes in assembly tree

18 machined items
(8 nuts, 6 bolt, 2 brackets, 1
plate, 1 rod)

i -db BoLT
> P -y NUT
&8y NUT-BOLT ASSEMELY
&y BoLT
& NUT
- 3y L-BRACKET ASSEMBLY
i dBy L-BRACKET
-3y NUT-BOLT ASSEMELY
-4l NUT-BOLT ASSEMBLY
-l NUT-BOLT ASSEMBLY
- By ROD-ASSEMBLY
& ROD
ey NUT
& NUT

Workplans  Part Properties Tools ~ Features

Toolpaths [] Explode Remov

| B4 Movie -
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£, STEP-NC Machine - Breakdown with tolerances

Assembly breakdown

< Back g&)Open Files ~ Forward > Goto STRL

MTonnect Machine URL

Eile View Setup Simulate Tolerances Probing

N d @ P« % Ql @ Bk h & ([ View v [[] Feeds [3] Position % Machine Tool + [E] Cross Section = @

Toolpaths  Help

O Track

i< || - |
0

pl Model  Tools for WS Features for WS Tolerances for WS Probing
& Raw Finished Delta Fixture Tool [ PMI [] Edras Toolpaths [ Explode Remov

=3 Workpiece - Breakdown with tolerances
&y AS1-AC-214
=&y PLATE
L7 0.0100 mm
=3y L-BRACKET ASSEMBLY
-l L-BRACKET
o
] 10.0000 mm +0.1000 -0.1000
- &35 NUT-BOLT ASSEMBLY
- &35 NUT-BOLT ASSEMBLY
- &8 NUT-BOLT ASSEMBLY
-3y ROD-ASSEMBLY

[

£

Workplans Part Properties Tools  Features
Refresh complete

Left click

|B‘Mo\.ﬁe -4

Tolerances specific to this
stage of the manufacturing.
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UUIDs in an Information model

STRING

_______________________ r=—=

guid_relationship_role | !

identifier | | "t TTTmmmemmoooomodee
role

guid_
namespace_
value guid_
relationship
guid_
identifier namespace

|; guid_namespace

guid_
I_b

identified_item

attribute

approximate_ . .
guid_attribute_with_ | location cartesian_point
approximate_
location .

root_for_ location_
aggregate representation
(DER) g shape_ .

© SET[1:2] representation

aggregate_

guid_attribute




UUIDs in Linked data

e Anchor section adds additional IT data

 Reference section uses the anchors to link files

explicit product virtual product

ANCHOR; \ path to virtual product

<f1£f98802-2f74-4100-9048-2909bf732679>=#765; £
<e00ab34e-4a44-4£fd1-a530-e4£f0abc34037>=#1634119[#1631894,#1631883];

external reference

REFERENCE ; —

<e00ab34e-4a44-4£fd1-a530-ed4f0abc34037>=<https://engineering detail.stp>;
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Comparison of UUID management methods

Information model
One big master file

 All data in one place
* With many views in data
* Additions and exceptions

* PLCS & MLRD describing
relationships is complex

e Hard to tolerance

* Fragile because one error
disables very large file

Linked data
Network of connected files

* Data in many detail files
e Detail file for each view
e Detail file for each breakdown

* Links describe relationships
between master and details

* Easy to tolerance

* Robust because error in one file
does not impact the others
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Digital Twinned example — Cruise Shi

& STEP-NC Machine - Cruise_Assembly_mbom

File View Setup Simulate Tolerances Probing Toolpaths Help

N d QLS & Q‘ W Rk h & (@ View - [ Feeds [3 Position ‘P Machine Tool + [Z] Cross Section | @

< Back f)Open Files v Forward > Go to STRL > ]
M'Em.ocf Machine URL O Track
Model i
|,‘ » >l Tools for WS  Features for WS Tolerances for WS Probing
' Raw Finished Delta Fixture Tool PMI [] Extras Toolpaths [] Explode Removal Machine
2 - - = .

-l PrivateDeck_Assembly A
& PrivateDeck
& PrivateTube
& Sunbed
& Sofz
@3y Table_Four_Assembly
&y PrivateTube
& Sofa
] é Table_Four_Assembly
é PrivateTube
& Sunbed_mir11
-3y Table_Four_Assembly_mir6
-3y Table_Four_Assembly_mir5
& Sunbed_mir13
& PrivateTube
& Sofa
& Sunbed
& PrivateTube
& Sunbed
& Sofz
&35 Sunbed
& PrivateTube
&8y TopTopDeck v
< >

Workplans Part Propetties Tools ~ Features Left click

2« Movie ~ .:

Files sizes are doubled
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&, STEP-NC Machine - Jet Engine Model_mbom

File View Setup Simulate Tolerances Probing Toolpaths Help

Nod QPO+ & oﬁo & Rk h & (@ View - [ Feeds [F Position “F* Machine Tool + [E] Cross Section @

< Back f&)Open Files v Forward > Goto STRL

MTonnect Machine URL © Track
[ Mode! i
[ I4 ‘ > pl Tools for WS  Features for WS  Tolerances for WS  Probing
' : 3 o Raw Finished Delta Fiture Tool [ PMI [] Exras Toolpaths

=3y _Jet Engine Model
&3y 100-00
L e 10101
- By 101-02
& 101-06
-3y 101-05
& 101-05
-3 101-03
& 101-03
& 10104
-3y 101-04
- &3y Rivet GBIT 1014-1986-2 X 4
& Rivet GBT 1014-1986-2X 4
- &3y Rivet GBIT 1014-1986-2X 4
& Rivet GBIT 1014-1986-2X 4
& Rivet GBIT 1014-1986-2X 4
- By 112-01
A 112-02
&y 112-03
-3y 101-05
& 101-05
-3y 101-03

A3 101-03 v

Workplans  Part Properties Tools  Features

[ Explode

Removal

Machine

| 8¢ Movie ~ .:
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TEP-MNC Machine - MBE_DEMO_RETRY

File  View Setup  Simulate Tolerances Probing Toolpaths Help

‘DEH @& O [ 4 o 1-} W e R h &; @‘u’iew ~ [ Feeds [F] Position % Machine Tool = [ Cross Section -@I

: < Back M Open Files - Forward > Goto STRL () ]
H.Emct' Machine URL D Track
Madel i
‘ I‘ ‘ | b‘ ‘ ‘ "I ‘ Tools for W5 Features for WS Tolerances for WS Probing
' Raw [~ Finished Delta Fidure |~ Tool [#] PMI [] Estras | Toolpaths [ ] Explode Removal | Machine
Simulate

MBE_DEMO_RETRY

&8y MBE DEMONSTRATOR RM

.., TOP CONFIG
& SEC_FUS_INT
i ffly SEC_WING_INT
-y SEC_EMP_INT

-l HSTAB

g3 VFIN
By 223730011
- By TOURQUE BOX
- 43 RIBLE
&3, RIERUDDER
By 212711021
By 21IT101-1
By 212711031
&3y VFIN SKINS

e WO e OO

]

Left click

Workplans  Part Properties  Tools  Features

| B Movie ~ .: 13

2021-03-16




