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Why the Digital Thread

* The digital thread increases productivity by delivering model
data to the shop floor
* More flexibility to make last minute optimizations
* More automated detection and correction of anomalies and errors
* More efficient communication between systems using standards
* Visual traceability and compliance to LOTAR requirements
 Automated measurement with minimal operator intervention




Technology Demonstration

e http://www.steptools.com/demos/mtc/

1. AP242 Tolerances

More accurate CNC with CMM More flexible

. : 2. MTConnect . .
More timely Twin Mo acUrerments with More timely
More automated Models Gateways More automated

3. QIF Inspection results

1. Tolerances that need to be measured
2. The measurements as they are made
3. The result of evaluating the measurements



Virtual model of a part machined in Mukilteo
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Setup 3 Machining Datum C

Machining of face opposite to Datum A

Setup 7 Machining Datum A

Detailed machining simulation using an MTConnect recording
See video at: https://www.youtube.com/watch?v=Mjzg5nku5Lg




1. Tolerances and probe points in AP242

STEP-NC Machine - BOXY_20170327

File  View Setup  Simulate Tolerances Probing Help
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2A. Measurement points on the CNC
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2B. Measurement points in MTConnect agent

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

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

|s.y;st-t-ar;1 iMsy:s_tem 49 | |

Q¥ &0 M

Path : path

Samples 2 B _
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 T

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 N M N

2017-02-20T18:41:45.443571Z | AccumulatedTime | x:OPERATING_TIME plOperatingTime MplOperatingTime 34 UNAVAILABLE tt p . SW I m . Ste pto O I 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

2017-02-20T18:41:458.4435717 | 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_RUNMNINC_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

2017-02-20T18:41:45.4435717Z |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 Mg lCurrentTool 26 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 | plMachineOperationPanelQutputMachinelock | MplMachineQOperationPanelQutputMachinelock (33 UMAVAILABLE

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

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

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

2017-02-20T18:41:49.4435717 |PathFeedrateOverride | PROCRAMMED pFowvr 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-ZlTld: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




2C. Planner®: CMM evaluation of measurements
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3A. MeasurLink™ generating QIF Results

Routine Library

= Routine Library
-] Demo
=®=4B0XY_20170306

i BOXY_20170306 FLATNESS_1

1@ BOXY_20170306.PERPENDICULARITY_1

@ BOXY_20170306.FLATNESS_2

ﬁ@ BOXY_20170306.FLATNESS_3

{@ BOXY_20170306.PERFPENDICULARITY_2

1@ BOXY_20170306.FLATNESS 4

@ BOXY_20170306.PERFPENDICULARITY_3

ﬁ@ BOXY_20170306.FLATNESS_S

{@ BOXY_20170306.PERFENDICULARITY 4

1@ BOXY_20170306.DISTANCEBTW_1

@ BOXY_20170306.DISTANCEBTW_2

ﬁ@ BOXY_20170306.0DIAMETER_1

{@ BOXY_20170306.DIAMETER_2

1@ BOXY_20170306.DIAMETER_3

@ BOXY_20170306.DIAMETER_4

* MeasurlLink v8.2.1
(released Dec 2016) and
newer

Measurlink Console - [Real-Time]

£ @ i

2
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30 View | Dota Shest | Classac View
[Werkspaca | =
Part: BOXY_20170306 Part: BOXY_20170308 [Part: BOXY_20170306 Part: BOXY_20170308 Part: BOXY_20170006
Char: FLATNESS_1 Char: FLATNESS 2 [Char: FLATNESS 3 Char: FLATNESS_4 Chair- FLATNESS_5
Last Obs: 0.031000 Last Obs: 0.000000 Last Obs: 0000000 Last Obs: 0.001000 Last Obs: 0.000000
Part: BOXY_20170306 Part: BOXY_201 70306 Part: BOXY_201 70306 Pat: BOXY_20170306
Char: PERPENDICULARITY_1] |Char: PERPENDICULARITY 2§ [Cher: PERPENDICULARITY_3] [Char: PERPEMDICULARITY 4
Last Obs: 0.048000 Last Obs: 0.000000 Last Obs: 0.001000 Last Obs: 0.000000
r N E:;] == — | =)
: = s b e | s
Part: BOXY_20170006 Pan: BOXY_20170306 [Part: BOXY_20170308 Part: BOXY_20170306
Chear: DIAMETER_1 Char: DIAMETER_2 Char: DIAMETER_3 Char: DIAMETER_4 =
Last Obs: 16.000000 Last Obs: 16000000 Last Obs: 16000000 Last Obs: 16.000000
i T i =
! — = | E—- ——— . IR S—
Part: BOXY_20170306 [Fart: BOXY 20170306
Char: DISTANCESTW._1 (Char: DISTANCEBTW_2
Last Obs: 59.068000 Last Obs: 60,000000
|
Ready Next: BOXY_ 20170306 FLATNESS 1 | I DAQ: |

Export

This Wizard will guide you through the steps for exporting data.
First, selectthe data exportformat.

Run: 3/8/2017 1:32:26 PM
Cutput Type
(©) TextFile
(©) AQDEF
() Excel File
@ QIF

3A



3B. ITI adds QIF Results to AP242

G2~ DMDI
: 2% DMDI

e cihwdmdi

IRY_2817

qif2step.bat - Shortcut

BOXY_20170323_C_RES - Motepad

File Edit Format Wiew Help

.:J_I=ESTE—“ version @.2017.9322.1624, Copyright (c) 2016 ITI (www.iti-global.com)

Parsing QIF file c:\dmdii\gateway\measurements\BOXY_ 28178323 C_RES.qgif...
Parsing origlnal STEP flle c:\dmdiligateway\measurements\BOXY_ 20170323 C.stp...

Mapping QIF to STEP...

1d=5, name=FLATNESS_l, uuld=b301f39d-dc96-456b-9346-0257c2a399¢3, value=0.031, status=FAIL

id= name=PERPENDICULARITY 1, uuid=2b35a115-8c94-4790-827a-cf57558587d3, value=0.84b, status=FAIL
name=FLATNESS_2, uuld=dce95add-4079-42c3-93ea-5d0363c53eb8, value=d, status=PASS
name=FLATNESS_3, uuld 9b7b6-5738-417c-becdb-6f98cbefi27e, value=0.084, status=PASS
name=PERPENDICULARITY _2, uuld=clac3ed?-bab/-4888-blbe-fa5ca517dels, wvalue=0.084, status=PASS
name=FLATNESS 4, uuld=ad75@c@9-4736-49a8-98dc-5a12f4d12214, value=8.881, status=PASS
name=PERPENDICULARITY_3, uuld=2b6c80e3-Be89-4328-9f27-29153df4dd99, wvalue=9.881, status=PASS
name=FLATNESS_5, uwuid=1327a%eb-4cde-4d56-bb8E-balobelicebf, wvalue=8.0ad, status=PASS
name=PERPENDICULARITY 4, uuid=b@efacB89-131f-4571-9f34-1e537ae37eed, value=9.0984, status=PASS
name=DISTANCEBTW 1, uuld=66e6d151-14f3-4fd4-4658-5258074558dc, walue=59.988, status=PASS
name=DISTANCEBTW_2, uwuld=7@@deisd-9b57-4cc?-9cli-cddacdd5Beal, walue=59.9%, status=PASS
name=DIAMETER_1, uuld=f8a@56f6-2f52-4e31-8cf5-444dabcedBbS, value=16, status=PASS
name=DIAMETER_2, uuid=8daaf164-c82e-493c-8d48-7fdB7bOTF141, value=16.247, status=PASS
name=DIAMETER_3, uuld=8478%e75-22a9-4681-8a23-767F3fb5ab57, wvalue=16.976, status=FAIl
name=DIAMETER_4, uuld=ff624cca-cOdl-4409-ab34-d42b505e7@42, value=16.7, status=PASS

Formatting new STEP flle BOXY_2017@323 C_RES.stp...

Completed with error code @

3B
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3C. QIF Results back to CNC

<FlatnessCharacteristicltem id="5">
<Attributes n="1">
<AttributeQPIld name="QPId">
- ‘ <Value>27ff0490-e32a-4736-8a30-42da346e1450</Value>
LEILE </AttributeQPId>
e P s </Attributes>
<Description>BOXY_20170306.FLATNESS_1</Description>
<Name>FLATNESS 1</Name>
<CharacteristicNominalld>3</CharacteristicNominalld>
</FlathessCharacteristicltem>

<FlatnessCharacteristicDefinition id="2">
<Name>FLATNESS 1</Name>
<ToleranceValue>0.01</ToleranceValue>

</FlathessCharacteristicDefinition>

ammnm
£ Pustiveas Tolerance - 0. hemen
7 P Telarance -8 §tmm
£ Fiamess Tolsrance - § 0
L Puatnss Tolerancs - 8 0 tmm

(771 Dlarater Sizw Dimansion - 12 Trrm £.0. 3y 46

2088980

<FlatnessCharacteristicActual id="49">

(7] Dummetee Sicn Dirnwrion — thees 4 0 8. >

(7 oot Stz s - 160vm s O <Status>
—— <CharacteristicStatusEnum>FAIL</CharacteristicStatusEnum>
£ e </Status>

g . : <Characteristicltemld>5</Characteristicltemld>
<Value>0.031</Value>

</FlathessCharacteristicActual>

\ 4




Internal: UUID’s that relate all the data

STEP Data QIF Data

B STEP File Browser - BOXY_20170306.stp [page 1/1] X pad -
Eile Edit Format View Help

File View Mavigate Help

-(CharacteristicNominalId:-19-(,’Characteris}ticNominalId> -
"Jﬂ. </FlatnessCharacteristicItem:
<PerpendicularityCharacteristicItem id="23"»

<Attributes n="1">»

B EeE2 I ALR AT AR OR

A <AttributeQPId name="QPId">»
FILE_SCHEMA {{'AP242_ MAHAGED HMODEL_BASED 3D EWGIHEERIHG _HMIM LF { 1 @ 1¢ e <Value>421Bed32-a599-43d1-9e84-96120d5eced2</Value>
ENDSEL; </AttributeQPId>
</Attributes»
ANHCHOR - <Description»>BOXY_28170386.PERPENDICULARITY 3</Description»

i’ . . <Name>PERPENDICULARITY 3</Name>
<4218ed32-a599-43d1-2e84-920120d5ece42>=#983; /= perpendicularity_toler <CharacteristicNominalld>22</Characteristichominalld>
{767be18a-4d%a-42d8-9fd5-285adcd7ad82>=4987; /= perpendicularity_toler </PerpendicularityCharacteristicTtem>
{4C0F7eel-Foced-4c3d-be7d-ca2 BF28e1855>=#991; /= perpendicularity toler <FlatnessCharacteristicItem id="26">
{a584eb6fc-b7cc-4904-b41e-81c97383b15F>=#995; /= perpendicularity toler <Attributes n="1"»
<dc13594F-b8d5-4b23-bb3B-caB6d96552e1>=#189Y.; /= datum feature =/ <AttributeQPId name="QPId">
{9ceBBC MNGD2087-4ch5-98Fc-734ce92a60b0>=H1101; /* shape_aspect =/ _ <Value>c3fedaf3-Beda-4345-af0f-ded62deb5e01</Value>
<{OfFd7chf- -4heQ-ah37-9Bb7eeB855cA9>=H#1115; /= shape aspect =/ | </AttributeQPld>
<754a586F-3593>4¢1a-bPa9-a36F7cBB6540>=11108; /* shape aspect */ v </Attributes> v
2 = rm o= oE — .. - " = ua LR T T T B e K o ) " a am - - - L) ( )

< >

Ln 265, Col 45

MTConnect Adapter Data

Bl BOXY_20170306.l0g.txt - Notepad

Eile Edit Format View Help
PBi?—B3—B2T18:53:41.BSBIIpprogr‘amlBﬂK\"_ZBi?a386 \ ~

2017-03-082T13:53:49.104-05:00 | measure | feature: "dc13594F-b8d5-4b23-bb38-ca86d96552el” order:1 count:8 id:"FACE32373" characteristic:"3Dlocation” x:-14.166667 y:-40.000000 z:9.166667
2817-83-082T13:53:50.306-05:8@ | measure | feature: "dc13594f -b8d5-4b23-bb38-caB6d96552el"” order:2 count:8 id:"FACE32373" characteristic:"3DLocation” x:-4.722222 y:-40.000000 z:9.166667
2817-83-082T13:53:51.507-085:8@|measure|feature:"dc13594F -b8d5-4b23-bb38-caB6d96552el” order:3 count:8 id:"FACE32373" characteristic:"3DLocation” x:4.722222 y:-40.000000 z:9.166667
2817-83-082T13:53:52.712-85:8@|measure|feature: "dc13594F -b8d5-4b23-bb38-caB6d96552el” order:4 count:8 id:"FACE32373" characteristic:"3DlLocation” x:14.166667 y:-40.800000 z:9.166667
2017-83-82T13:53:53.913-05:80 | measure | feature: "dc13594F-b8d5-4b23-bb38-ca86d96552el"” order:5 count:8 id:"FACE32373" characteristic:"3DlLocation” x:-14.166667 y:-40.008080 z:73.333333
2017-83-082T13:53:55.117-085:8@ | measure|feature:"dc13594F -b8d5-4b23-bb38-caB6d96552el” order:6 count:8 id:"FACE32373" characteristic:"3DLocation” x:-4.722222 y:-40.080002 z:73.333333



Result - Increased Productivity

* Feedback between suppliers and OEM’s
e Automated detection and correction of anomalies
 Automated adjustments to meet the tolerances

* Integration of CNC and CMM functions
* Single setup STEP

e On demand measurement Long Term Archiving
e Enabling tooling optimization

* Feed speed optimization STEP-NC MTConnect/QIF
i i Increased Productivity Automated Traceability
e Adaptive programming

* 15% more efficient manufacturing



Summary

e We automated measurement using semantic tolerances

* Requirements sent using STEP
e Measurements streamed using MTConnect

e Results returned using QIF

e We used the CNC as a CMM

STEP: Why

* One setup
e On-demand or as-planned

MTConnect: What

e Same CMM algorithms

QIF: How

Digital Thread




What next?

* Live machining at DMDII on May 23"
e Machining using a 5-axis Hyundai with Siemens 840D
e Touch probing using Renishaw macros
e Tolerance evaluation on a Mitutoyo Metrology server
* Interoperability testing on a DMG and Okuma

* Pilot production in aerospace in the Fall
e Demonstration planned for Korea ISO meeting



Backup



Standards used in the thread

Normal source CAD systems CAM systems CNC systems CMM systems

Role in thread Define design Translate as- Communicate Communicate
tolerances and measured touch measured points tolerance quality
nominal touch probe points into from CNC to CMM back to CNC

probe points part space



All the process steps

AP242 MBD

Design

@ MTC recording from Mukilteo

w/AP238 setup

AP242 MBD
. : CNC Machine
Engineering — with
CAM .. .
Digital Twin
Gcode MTC Adapter Data
w/AP238 setup w/ Sim or live OMP

MTC Agent Data
w/ Sim or Live OMP

Verification/
Quality - CMM

@ @ Performed at Mukilteo (see https://www.youtube.com/watch?v=Mjzg5nku5Lg)

DN EDREDNCDNED,

Design to CAM/CMM
* via AP242 MBD

CAM to CNC Machine with Digital Twin
e Playback via MTConnect and AP238 for setup

OMP streams through MTC to CMM

e Probe pointsin part space

CMM Analysis verifies Quality

e Results return QIF Results

MBD Gateway appends QIF Results to AP242

e As-Designed and As-Measured PMI (Characteristics)
packaged together

MBD Gateway

&S

QIF Results

Performed live today with a virtual CNC in NY and a virtual CMM in Chicago
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