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The Problem: Trusted Decision Making in Distributed Environments
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The Need: _I _tegrated Life Cycle of Viewpoints
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T \N5H THESE PARTS
CoULD COMMUNICATE
MORE. EASILY”

“00H, THIS NEWJ TECHNOLOGY
MAKES T EASY TO CREATE
" | ARBITRARY CONNECTIONS,

INTEGRATING EVERYTHING!
"All T want is a

0"0
secure system ' G@%u
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want. Is that so “00H, THIS NEW TECHNOLOGY J
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Current Enterprise System La nds%
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PLM: Current State of the Art

16 Dec 2015

Option #1

Query  m—

Get =—

Post  —

Update

Delete

Product Data Management (PDM)
(e.g., system used in design)

Manufacturing Execution System (MES)
(e.g., system used in production)

= Query

m—— (Get

m— Post

= pdate

= Delete

Solutions are a one-to-one copy of data between systems

Hedberg and Barnard Feeney
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What does the future hold?

Digital Threads in a

Model-Based Enterprise

Digital Thread, noun

A connected information flow between standard interfaces
for activities across the product lifecycle
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Don’t copy the data. Link to it.
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OAG Integration Specification (OAGIS) for Messaging Services

Scenario 34 - Engineering Change

Engineering - Design } Manufacturing Execution
StakeHolders (PDM) Manufacturing (ERP) (MES)

 Specifies message definitions (BODs)
for integrations of business and ; :
engineering applications e
(manufacturing services) ' |

SyncBOM

SyncResponseBOM

GetEngineeringChangeOrder

ShowEngineeringChangeOrder

e Supports many industries

* Automotive, Aerospace, Defense,
Process Manufacturing, Electronic
Manufacturing, Construction, etc.

SyncEnigineeringChangeOrder

P U
) S N

yncResponseEngineeringChangeOrder

GetEngineeringChangeOrder

ShowEngineeringChangeOrder

|

D O

* Supports nearly all operational areas | Snewmeon
of a manufacturing enterprise SR esporsReing

) Sa | eS’ m a n Ufa Ct u ri n g’ S u p p |y’ a n d ProcessEnigineeringChangeOrder
fi n a n Ci a I S ~ AcknowledgeEngineeringChangeOrder

L e

e Contains 1000+ BODs Fig. An example scenario covered by OAGIS

engineering =

e https://oagi.org/DownloadsResources/tabid/143/Default.aspx
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Knowledge Generation

Manufacturing assets capable of achieving design requirements

Tolerance specs. specify Process monitoring-
target surface roughness related rules

Level 5 / Autonomy

Feed rate to meet Actual feed rate meets
tolerance specs. tolerance requirements

B B S Sl s— | b — -

| Feed rate mismatch ‘

INFORMATION ! KNOWLEDGE

Ma nufa ctu ri ng Expected feed rate; Expected spindle
. , speed; Tool specifications; Expected , ) )
F . . .
KnOWIedge (e.g-’ prOCESS eature mformatl_on, cycle time; Selected data fitting Me.asured feed rate; Measured Inspfeit'tlon cco_rdlnates, Pass/fail
Level 4 Geometry; Function lgorithms: Selected dinat spindle speed; Observed tool decisions; Achieved tolerances;
d 1 t I t' requirements; Tolerances a’goriihms; Selectec coor “,.m & path; Measured cycle time Machine capabilities
an eq”lpm ent selection metrology systems; Determined

measurement strategy

Understanding in manufacturing \  -====-=-~- L ——  ——— N —— ? SE——

Level 3 . .. | As-designed (STEP) As-planned (NC-code As-executed (MTConnect) As-inspected (QIF)
science (e.g., predictive models)
#131=DIRECTION('",(1.,0,0.)); N1418T3 2016-03-22T09:44:06.3063Z [path
#136=AXIS2_PLACEMENT_3D(''#126,#121,#131); | N1419G91G28Z0 MO6 339141 -1 59428 20 45?;3”“" posl <AngularityCharacteristicActualid="23">
a ™ { #141=PLANE(",#135); N1420T1 MO1 2015 03 zmlgulﬂ;os 3'&652 ¥ 1546376 <Status>
Level 2 Manufacturing Information g |escartesiw pon 69061012 Pas01(as10] | | 2016 03 2MOTAAOE0EGIG0SI 1SAGTE | | (cpapacaristicstaustnumsPhse/Characirist
(-8.361E-16,5.6-02,10.£-02)); N1421Ms8 e - StatusEnums>
. P - . _ 2016-03-22109:44:06.3066Z | Zpos| 21.12626
(e.g., workpiece, parts, and tools description) (O | #151-DIRECTION( '{1.07705058168E-16,1., 01 | N1422 GOG0GS4X-1.3799 | 511’01 y100,44.06,30662Cpos) 323 6054 | | __ /505> »
#156=VECTOR("" #151,1.); Y- 7877 512000 M3 2016-03-22T09:44-06. 30662 [Apos| -18.197 <Characteristicltemld>21</Characteristicltemnid>
#161=LINE(",#146,4156}; N1423G43H371.261 e pdpadany e | <Value>0</Value>
LEVEI 1 #166=CARTESIAN_POINT("', N1424 GOB P1 3221311 48087 30 mmﬂa _pos <fAngularityCharacteristicActual>
Basic Data (e.g., sensors- and software-generated) H8361610.5.£02.10.2-021; M102826279

Levels in smart manufacturing knowledge management

Feng SC, Bernstein WZ, Hedberg T, , Jr., Barnard Feeney A. Toward Knowledge Management for Smart Manufacturing.
ASME. J. Comput. Inf. Sci. Eng. 2017;17(3):031016-031016-9. doi:10.1115/1.4037178.
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Engineering is Decision Making

Predict

________ Diagnose
LA L i 0..*

Knowledge 70---* 0---*( Decision 7 1 0---*( How good was
(The Answer) t (The Question) J L5 L the decision?
0. * 1]t

Diagnhose ’ ‘

Hedberg, T., Barnard Feeney, A., & Camelio, J. (2018). Toward a Diagnostic and Prognostic Method for Knowledge-Driven
Decision-Making in Smart Manufacturing Technologies. In A. M. Madni, B. Boehm, R. G. Ghanem, D. Erwin, & M. J. Wheaton
(Eds.), Disciplinary Convergence in Systems Engineering Research (pp. 859-873). doi: 10.1007/978-3-319-62217-0_60
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Summary

* 14.0 and MBE involve trusted
decision making in distributed
environments

* Deploying digital thread via standard
interfaces between “things” using
consensus-based, voluntary, open
standards will enable rapid data
exploration, knowledge extraction,
and model generation

* Conservatively, $100 Billion annual
savings™ is available to industry
through the adoption of open-
standards, model-based methods

* Anderson, G. (2016). The Economic Impact of Technology Infrastructure for Advanced Manufacturing: An Overview (NIST Economic Analysis Briefs 1).
Retrieved from Gaithersburg MD: http://nvipubs.nist.gov/nistpubs/eab/NIST.EAB.1.pdf
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Thank you for your kind attention!

"The 95% confidence interval suggests Rexthor's

dog could also be a cat, or possibly a teapot."
Thomas Hedberg . _ .
thomas.hedberg@nist.gov . )
MBE Program: https://go.usa.gov/xPzGU SR R .
SMS Test Bed: https://smstestbed.nist.gov .ot .
. R%:0.06 REXTHOR, THE DOG-BEARER
My Publications: https://go.usa.gov/xnf3w T CONT TRUST LNEPR, FECRESSIONG UHEN 175 FPRDER
TO GUESS THE DIRECTION OF THE CORRELATION FROM THE

SCATTER PLOT THAN TO FIND NELJ CONSTELLATIONS ON IT.
30 MAY 2019
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Supplemental graphics used in this presentation were provided by PRESENTERMEDIA and Adobe Stock
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