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Overview

* Why do we need a framework?

* What might be in the framework
* Early testing

* Proposal
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Digital Twin Machining
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Goals
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e the twins to be as accurate as possible

e the twins to be as large (complex) as possible

e twinning on many kinds of machines

e twinning for many kinds of processes

e twinning using many different underlying systems

e Simplify the design and operation of manufacturing cells

e Share work between machines on the shop floor



Digital Twin Manufacturing Framework

[l Digital control
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[l Digital Assembly

Communication about a shared manufacturing task (+15% efficiency)
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[l Digital Monitoring
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[l Digital Inspection

Semantic modeling of the manufacturing task




Digital Twin Manufacturing Framework
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Twin Talk is

e Streaming language on top of publication and subscription protocols

* Each stream talks about changes made by its system
* Here is the new value for a closed shell (during machining)
* Here is the new position for these kinematics (during setup)
* Here is the new as-measured tolerance (during measurement)



Architecture proposal

Communication .
f m NC.js
rom actuator

Facebook Ul | [i{=Elee)[S

WebGL for CAD m

Legacy DLL Legacy technology STEP-NC DLL STEP Models
Manufactu ring System Choices include QIF, STEP, JT or direct interfaces to legacy systems

https://github.com/steptools/NC.js/blob/master/docs/index.md

Latest part model
Latest kinematics
Latest measurements

Communication with
other twins



https://github.com/steptools/NC.js/blob/master/docs/index.md

IMTS / JIMTOF 2018 demonstration

* Stop work on one machine, continue work on next
* Take on-machine measurements (optional)
* Take CMM measurements (optional)

i o 3
Current op Current op
Current model Current model

Current measurements Current measurements

Three.js

Three.js

Machine A Machine B Machine C



Fishhead (aerospace test part) at Operation 7/
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Fishhead at Operation 50
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Digital Thread Demonstration, July 19 2017

STEP is good for product modeling and long term archiving @ DMDII
MTConnect is good for monitoring machining results = runags: e

“03” 14-06-05
QIF is good for quality reporting
1. AP242 Tolerances
Traditional CNC with Digital CMM Traditional CMM with
Digital Twin for real T 2. MTConnect with gateways for STEP,
time modeling wtln Measurements MTConnect, and QIF

CNC Gateways

. 3..QIE Inspectian.results..................

https://youtu.be/Mijzg5nkuSLg Build Here if you meet the tolerances  https://youtu.be/n syXtpyxgM



https://youtu.be/n_syXtpyxgM
https://youtu.be/Mjzg5nku5Lg

1. Tolerances and probe points in STEP

STEP-NC Machine - BOXY_20170327
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2. Measurement points in MTConnect agent

&« & | (@ swim.steptools.com:5000/current

I o . I
|2017-02-20T18:41:49.443571Z |Unavailable |

|s.y;st-em iMsy-s_tem 49 | |

Q¥ &0 M

Path : path

Samples 2 _
Timestamp Type Sub Type Mame Id Sequence Value

2017-02-20T18:41:49.4435717 |AccumulatedTime | x:CUTTING_TIME plCuttingTime MplCuttingTime 27 UNAVAILABLE

2017-02-20T18:41:49.4435717 |PathFeedrate ACTUAL plFact MplFact 28 UNAVAILABLE

2017-02-20T18:41:49.443371Z |PathFeedrate PROGRAMMED plFcmd MplFcmd 29 UNAVAILABLE

2017-02-20T18:41:45.44357 17 | PathPosition plLPathPos MpllLPathPos 30 UNAVAILABLE h . // . .

2017-02-20T18:41:45.4435717 | AccumulatedTime | x:OPERATING_TIME plOperatingTime MplOperatingTime 34 UNAVAILABLE tt p . SWI m . Ste pto O | S ° CO m . 5 OOO C u r re n t

2017-02-20T18:41:49.4435717 | AccumulatedTime | x:RUNNING_TIME plRunningTime MplRunningTime 35 UNAVAILABLE

2017-02-20T18:41:49.443571Z |AccumulatedTime | x:SPINDLE_RUN_TIME plspindleRunTime MplSpindleRunTime 36 UMNAVAILABLE

2017-02-20T18:41:45.4435717 | AccumulatedTime | x: TOTAL_CUTTING_TIME plTotalCuttingTime MplTotalCuttingTime 38 UNAVAILABLE

2017-02-20T18:41:49.4435717 | AccumulatedTime | x: TOTAL_OPERATING_TIME |plTotalOperatingTime |MplTotalOperatingTime |38 UNAVAILABLE

2017-02-20T18:41:49.443571Z |AccumulatedTime | x: TOTAL_RUNNINC_TIME plTotalRunningTime MelTotalRunningTime 40 UMNAVAILABLE

2017-02-20T18:41:49.4435717 |AccumulatedTime | x: TOTAL_SPINDLE_RUN_TIME |plTotalSpindleRunTime |MplTotalSpindleRunTime |41 UNAVAILABLE

Events
Timestamp Type Sub Type Name Id Sequence Value

2017-02-20T18:41:45.4435717 |e:BlockNumber plBlockNumber MplBlockNumber 24 UNAWAILABLE

2017-02-20T18:41:49.4435717 |e:Variables *:COMMON plCommonVariable MplCommonVariable 25 UNAVAILABLE

2017-02-20T18:41:49.443571Z |ToolNumber plCurrentTool MpglCurrentTool 268 UMAVAILABLE

2017-02-20T18:41:45.443571Z |e:Macman #:PANEL_HISTORY | p1MacManPanelHistory MplMacManPanelHistory 31 UNAVAILABLE

2017-02-20T18:41:49.4435717 |e:OutputSignal *:DRY_RUN plMachineOperationPanelOutputDryRun MplMachineOperationPanelOutputDryRun 32 UNAVAILABLE

2017-02-20T18:41:49.443571Z |e:Quiputsignal ¥ MACHINE_LOCK | plMachineQOperationPanelQutputMachinelock | MplMachineQOperationPanelQutputMachinelock (33 UMAVAILABLE

2017-02-20T18:41:49.443571Z |ToolAssetld plToolAssetld MoplToolAssetld 37 UNAVAILABLE

2017-02-20T18:41:45.4435717 |Block plblock Molblock 42 UNAVAILABLE

2017-02-20T18:41:49.443571Z |Line plline Mplline 43 UNAWAILABLE

2017-02-20T18:41:49.443571Z |PathFeedrateOverride | PROCRAMMED pFovr MoFovr 44 UNAVAILABLE

2017-02-20T18:41:45.4435717 |Execution pexecution Mpexecution 45 UNAWAILABLE

2017-02-20T18:41:48.4435717 |ControllerMode pmode Mpmode 46 UNAVAILABLE

2017-02-20T18:41:45.443571Z |PartCount ppartcount Mppartcount 47 WNAVALLARLE

2017-02-21T18:54:35.2717 Program pprogram Mpprogram 346 BOXY_PART_IPM_OPB_20170216

gg;lb?o—OE-ZITld:OU:BZ.SZE- Measurement measure 1 85 365 feature:"9ffd7cbf-25bd-4be9-ab37-90b7eed55c69" order:1 count:6 id:"FACE27463" characteristic:"3DLocation” x:-11.000000 y:-33.333333

z:10.002639

Linear: X

Samples




3. MeasurLink™ evaluates measurements
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- BOXY_20170306.FLATNESS_2 & Lo 7 7 7 -
EE]@ BOXY_20170306.FLATNESS_3 ? Inspection Wizard % Crar: FLATNESS_1 (Char: FLATNESS_2 Crer FLATNESS 3 Cher FLATNESS 4 Char-:FLAT;ESS_.’:
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[ BOXY_20170306.FLATNESS_5 : — == eSS =
Eﬂm@ BOXY_20170306.PERPENDICULARITY_4 Eé Pracess Mansgeri Part: BOXY_20170306 Part: BOXY_20170306 Par: BOXY_20170306 Part: BOXY_20170306
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@ Part Library
il Boistroey B =l B = b == = = Run: 3/8/2017 1:3226 PM
sl Device Library 'L m1 r m] ml r m1
(&) Traceability Library ! } ! !
e Part: BOXY_20170306 Part: BOXY_20170306 Output Type
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QIF Results shown on Digital Twin

'« NCjs x QY 2 [
& (&} ‘(D swim.steptools.com:8080 Q ﬁ‘ S 0
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Relating tolerances to

measurements

STEP Data QIF Data
Bl STEP File Browser - BOXY_20170306.stp [page 1/1] s St
N - N File Edit Format View Help
Eile View MNavigate Help <CharacteristicNominalld»>19¢/Characteristiclominallds ]
E”' I y LR B AT 2 |+ </FlatnessCharacteristicltem»
| | ﬁ * 1 ; ﬁ ! | M il ?s | # - |@ p i <PerpendicularityCharacteristicItem id="23">
<Attributes n="1">»
" <AttributeQPId name="QPId"»
FILE_SCHEHA {{"AP242 MAHAGED_ MODEL_BASED_3D_ EHMGIMEERIMG_MIHM_LF { 1 8 1€ - <\Value>4218ed32-a599-43d1-9e84-96128d5eced2< NMalue>
EHNDSEL ; </AttributeQPIds
<fAttributes>»
ANCHOR - <Description>BOXY_20170306.PERPENDICULARITY 3</Description:

* £t _ R R R <Name>PERPENDICULARITY_3</Name>
<4210ed32-a599-43d1-9e84-96120d5eces2>=1#983; /= perpendicularity toler <CharacteristicNominalld>22</Characteristiclominallds
<767be10a-4d?a-49d8-9Fd5-2085adcd7ad82>=#987; /= perpendicularity toler </PerpendicularityCharacteristicItems
{459f7ees-foced-4c3d-be7d-ca?B8F28e1855>=#991; /= perpendicularity toler ¢FlatnessCharacteristicItem id="26"3
{ab84ebfc-b7cc-4904-by1e-81c97383b15F>=H#995; /= perpendicularity toler <Artributes n="1"3
<dc13594f-bBd5-4b23-bb3B-caBodP6552e1>=#189L; /= datum feature =/ <httributeQPId name="QPId"»
<{9ceBBC Mch287-4ch5-98Fc-734ce92a68b B> =#1181; /> shape aspect x/ <Valuercifedaf3-Beda-4345-afef-dbdb2dabse0l</Valuer
<9FFd7chi- -4be9-ab37-90b7eeB855c69>=11115; /= shape aspect =/ . ,b‘i*““ib““@’“’
<F5Has86F-359 1a-bBa9-a36F7cB865H0>=H1108; /* shape aspect =/ v </Attributes> v

3 % < >
~— Ln 265, Col 45

MTConnect Adapter Data
B BOXY_20170306.l0g.6:¢ - Notepad
File Edit Format View Help
l017-03-82T18:53:41.080Z | pprogram| BOXY_20178386 (o
20917-83-82713:53:49.104-05:00 | measure | feature: "dc13594f -b8d5-4b23-bb38-ca86d96552e1” order:1 count:8 id:"FACE32373" characteristic:"3DLocation” x:-14.166667 y:-40.800008 z:9.166667
2917-83-82T13:53:50.306-05:00 | measure | feature: "dc13594f -b8d5-4b23-bb38-caB6d96552e1” order:2 count:8 id:"FACE32373" characteristic:”3DLocation” x:-4.722222 y:.40.000080 z:9.166667
2017-83-82T713:53:51.507-05:008 | measure | feature: "dc13594f-bBd5-4b23-bb38-caB86d96552e1” order:3 count:8 id:"FACE32373" characteristic:”3DlLocation” x:4.722222 y:-49.000000 z:9.166667
2017-83-82T13:53:52.712-05:00 | measure | feature: "dc13594f-b8d5-4b23-bb38-caB6d96552e1” order:d count:8 id:"FACE32373" characteristic:"3DLocation” x:14.166667 y:-40.080088 z:9.166667
2017-83-82713:53:53.913-05: 80 | measure | feature: "dc13594f -b8d5-4b23-bb38-cal6d96552e1” order:5 count:8 id:"FACE32373" characteristic:"3DLocation” x:-14.166667 y:-408.800880 z:73.333333
2817-83-82713:53:55.117-05:80 | measure | feature: "dc13594f-b8d5-4b23-bb38-calbdI6552el” order:6 count:§ id:"FACE32373" characteristic:”3DLocation” x:-4.722322 y:.40.0800002 z:73.333333

Lnl Coll

UUID’s supported by all three standards




Framework Proposal

* QIF becomes ISO 10304
* Multiple parts starting with a DIS for QIF results

* MTConnect used as a model for a new Part 28
* Enable systems to talk about changes made to a shared model
« <Action> <time-stamp><sequence><new value>
e Action might be assign, update, insert, delete
* Value might be a model, a placement or a measurement result

* Digital Twin Manufacturing Framework specifies
* Shareable object types: shell, placement, tolerance, ....
* Allowed representations: STEP, QIF, .....



Strawman testbed

Usually ACIS

Digital Twin

Usually
proprietary

Design & Digital TwinTalk
Planning System Twin Recorder

Digital Twin

MTConnect

Usually Parasolid

* CNC TwinTalk

* Latest part shape

e Latest kinematic
coordinates

e CMM TwinTalk

e Latest tolerances
* Latest touch points

e Cell TwinTalk

* Latest operation

* Latest part
dimensions



