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Agenda

Global Product Data Interoperability Summit | 2017

1) MBSE, Digital Thread, lloT, Industrie 4.0

2) Information-Exchange Standards

3) Why Exchanging Information Is Not Enough

4) DELS, reference model

5) Current State of Development / Commercialization

6) INCOSE initiative: Call for Participation
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MBSE, Digital Thread, lloT, Industrie 4.0

Global Product Data Interoperability Summit | 2017

The Digital Thread

oy,

http://www.industryweek.com/systems-integration/demystifying-digital-thread-and-digital-twin-concepts?page=2

GLOBAL PRODUGT DATA BOEING is a trademark of Boeing Management Company

, W - E Lo P . A B | 'i' Jil 20 1 7 Copyright © 2017 Boeing. All rights reserved.
Copyright © 2017 Northrop Grumman Corporation. All rights reserved.

GPDIS_2017.ppt | 3

& ELYSIUM —Darker o curesn QL waeme

7 ELYSIUM 0o rice [ o crrrars Laacoma



MBSE, Digital Thread, lloT, Industrie 4.0

Global Product Data Interoperability Summit | 2017

A Continuum of Authoritative Digital Surrogate Representations
Leveraged Over the Entire Life Cycle
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\ I L podycibility * Matenal Review
Lo ._“ e . : + Technolog * Quantified Margins & Board Support
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= [ &7 Maturity Level -
F- 4 AT « Testoblity + Subsystem integration
L -l | * Merged data and —mrnmgmm
’ maodely in digital
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Process 30 Parts Mhanaon uring
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G e gy

Dr. Ed Kraft, Technical Adviser, Arnold Engineering Development Center

https://www.nist.gov/sites/default/files/documents/el/msid/1Kraft_DigitalThread.pdf
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MBSE, Digital Thread, lloT, Industrie 4.0

Global Product Data Interoperability Summit | 2017

A Continuum of Authoritative Digital Surrogate Representations
Leveraged Over the Entire Life Cycle

s& Operations &
4 Sustainment
- . = Uinit Experiments \‘.”w
* Technology * Ropid Response
Maturation and * Repurposing for ﬁ
- teres Chorocteriration Changing Mission ’
— - Threads
wa _ij * New Concepts L —
'. e —-'1':-- 3 = Crisis Management -
P - — " P Wcxteds | -
-
1+ - —= >
— =i . - i
= ==z B ibin * Reduced O&S Costs Thru = w -
S M ltrﬂ?ﬂm! ' Optimum Maintenance. e -
trgagement u - wy P Plam
- - fpoms . R 7 [
= Affordability P |

CPBA _ e | § LEEiBa) : i Manufacturing consumes
| i e L A * Aaobin product information, but

« Design for Reliability . -
and Suitabifity requires many decisions

\ Wmblmaddng L producibility .
e e : o il Mpker & that are not directly
: o [ Aaechmiaty 5 infl d by the details of
k.*-, L1 Maturity Level e infiluence y the detalls o
- . - Testability Subsystem Integrotion .
R T ' | , “ « Merged date and product design.
n - ~a
. M_. ) surrogate
Process 30 Parts Manufocturing
Workflow Renciering Logitics - H
-~
Test & Evaluation NP 4
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MBSE, Digital Thread, lloT, Industrie 4.0

Global Product Data Interoperability Summit | 2017

Production Decision Making

Who are the sup Flzers? Supply
Planning Where'ate they located? Chain

Contipy .
5
What about mvengmes OLIr factories: Design

wWhat do our factories proouce?

. Accepta job? )
Operations Production
How to sequence tasky .
Management P System Design
When ts change resources:
Where does job go next?
GO0 - Positioning at rapid speed; Mill and Lathe
GO1 - Linear interpolation (machining a straightline); Mill and Lathe
GO02 - Circular interpolati MOO - Pro YT
. . h ! gram stop; Mill and Lathe
BehaV’or ggi :ﬂmfz;'r;:;gosx MO01 - Optional program stop; Lathe and Mill Part and
. ’ MO2 - Program end; Lathe and Mill bl
E?E - ﬂ'ﬂ:’:dﬁl;f:‘tf’f)ﬁ MO3 - Spindle on clockwise; Lathe and Mill assem y
T MO4 - Spindle on counterclockwise; Lathe and Mill .
MOS5 - Spindle off; Lathe and Mill deSlgn
MO6 - Toolchange; Mill
GLOBAL PRODUGT DATA BOEING is a trademark of Boeing Management Company
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MBSE, Digital Thread, lloT, Industrie 4.0

Global Product Data Interoperability Summit | 2017

s broduction allocatec
) Who are theﬂszf p _ 'f‘_ - Supply
Planning here’ate they located? Chain
Conti :
What about mk&%gn & J:E %Ur factories? Design A Continuum of Authoritative Digital Surrogate Representations
Leveraged Over the Entire Life Cycle
what do our factories produce? ﬁ Seoranment
. Accepta job? . ———
Operations P i Production v &
Management How to sequence tasks? Svstem Design
g Whex to charge resources? y g . =
Where does job go next? B | e e T et

- Positioning at rapid speed; Millandlathe ~  T——__ S @@ O WE s | 0 e
GO1 - Linear interpolation (machining a straight line); Mill and Lathe
GO2 - Circular interpolatl g . program stop; Mill and Lathe
Behav‘or GO3 - Circular interpolat] g . gptional program stop; Lathe and Mill Part ant
GO4 - Mill and Lathe, DW 10y _ program end; Lathe and Ml
G‘DS ﬂﬂ;:ﬂddlf.':’;.‘.’ﬂ 03 - Spindle on clockwise; Lathe and Mill assemb’y
MD4 - Spindle on counterclockwise; Lathe and Mill
MOS - Spindle off; Lathe and Mill des.l'gn

MO - Toolchange; Mill
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MBSE, Digital Thread, lloT, Industrie 4.0

Global Product Data Interoperability Summit | 2017

“New Manufacturing
Science” Area
* Drill & Fill

3 * Wire Bundles

* Robotics

on allocatec
) Who are the supplze : ? Supply
Planning ® they located: Chain
Cont $ L,S% .
ur factories? Design
What about inventories? 9
what do our factories produce?
. Accepta job? .
Operations ptaj Production
Management How to sequence tasks? System Desian
g Whex ts change restarces 4 g -
Where deésxob go next? ‘
GOO- g Mill and Lathe
GO1 - Linear i i hining a straight line); Mill and Lathe
GO2 - Circular int at - Program : Mill an
Behavior 603 - ClrcularIncerpolp el ;:ﬁonn;‘;:r:.‘n:l;o::l::m and Mil Part and
G- iland Lathe B gy Co e and il assembly
T Bt et in MD4 - Spindle on counterclockwise; Lathe and Mill .
MOS - Spindle off; Lathe and Mill des,l'gn

DG - Toolchange; Mill
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MBSE, Digital Thread, lloT, Industrie 4.0

Global Product Data Interoperability Summit | 2017

X

Bringing the parts together in Everett oo b

FROM EURDPE

1 stabdlives i

E

FROM THE SOUTHEAST

M and rear- foselage sections auembled
floawn 70 Everett

FROM THE MIDWEST

oas bnction suiambied in Wichita %

Engine pylons rowed
oo WichRa e Ewpett

Movable leadiag edges o by rail ‘
Trom Tulaa o Evmeett |

I oN |||
10 a h iers?
pfanm'ng VVI 0 ret 6 ggggtfeyslocated? Sc‘;:::,:‘y

Cont ’
?
What about mvengrlesl;g%ur factories: Design

what do our factories produce?

https //Sl'Jpp|yCh 'nlglstlcs wordpress com/tag/supply -chain- rlsk/

Accepta job? )
ccepta jo Production

How f;} sequence tasks? System Des fg n
0 charge resources.

Where does job go next?

Operations
Management

GO0 - Positioning at rapid speed; Mill and Lathe
GO1 - Linear interpolation (machining a straight line); Mill and Lathe
GO2 - Circular interpolati MO0 - Pro s
. " N | gram stop; Mill and Lathe
Behavior G0 Crcular nterpoWt] o) - Optional program stop; Lathe and Mill Part and
= il an W
. . MO2 - Program end; Lathe and Mill
Eﬁ ) z‘:"l::rldﬂ:‘i‘:‘:'iiﬂ M03 - Spindle on clockwise; Lathe and Mill GSSEbey
) MD4 - Spindle on counterclockwise; Lathe and Mill .
MOS - Spindle off; Lathe and Mill des,l'gn

DG - Toolchange; Mill
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MBSE, Digital Thread, lloT, Industrie 4.0

Global Product Data Interoperability Summit | 2017

A Continuum of Authoritative Digital Surrogate Representations
Leveraged Over the Entire Life Cycle

S&T Operations &

Sustainment

* Unit Experiments
+ Technology
Maoturation and

rim—
. Aot “Digital Fiuske™
* Ropid Response

* Repurposing for ﬁ
st et ten 24 Changig haton e
A - | + New Concepts Threods —m
o= — = + Crisis Management I b =
e = oy Bases hacaed - .
- - i Bringing the parts together in Everett o
B = esa o
= - B eTies + Reduced | romana
e lcr:n r:-” - B == ¥ Optimum iper il . - . e —
Ingagement * Interoperability SLEP Play 5 i
ot g * Mission Utilty  * ey 11 L, ] o
e « Affordability s - 14
O == = S 23 - Operabifity
CP&A | * Material Selection 5 IOTRA Peusse Test Rate * Reliability

- * Design for Rellability
—_—' and Suitability

e s~ Producibitity

* Material Review
L — . —— . S:::z:e:‘rm‘ngms & : ‘socm Support
| ity Lewel
w0 (&8 Moty level o

- = s
TS -‘in . e = dota and * SLEP prognosis

models in digital
"l . surogete A
Process DPorts  Monufocturing ST e g J
Workflow Rendering Logistics

MBE E_,_a . iarin
on N vy - i

Test & Evaluati

Lifecycle decision making needs good, reliable e
estimates of time to market, delivered cost,
product quality, and supply chain reliability.
And these systems need to be developed in
parallel with the product.

How can they be integrated into the digital
thread?
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Information-Exchange Standards

Global Product Data Interoperability Summit | 2017

]

Bringing the parts together in Everett T T

Digital Fa. . [

voM tEmorL

industrie 4.0

ol

) S 1

iar

| F&C

Fiow Production
wih Teoughout
i it

ﬁufac ng

anni

i Con[‘;%l

ﬁstems for
upply Chain

lanagement

«  IEC 62443 (15A 99)
+ 150 9000

150 50001

150 14000

R L
» |EC 62541, IEC 62837

+ IEC 62264 (ISA 95)

* 150 22400

» OACIS

* PMML

+ DMIS, QIF

MOM Level

+ IEC 62541 (OPCUA)
+ IEC 61512 (ISA 88)
* Modbus

SCADA Level . gatchmL, PACKML

HMI/DCS

- E

" JEC 62541 (QPC UA)
* MT Connect
+ IEC 61158 (EtherCAT, PROFINET)

Field Device

( ,P S I UJ / v IEC 61784
Device Level * Modbus/Prefibus
+ PROFlenergy
» IEC 62591/ HART
B  EChaSq1 (FDI)
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Why Exchanging Information Is Not Enough

Global Product Data Interoperability Summit | 2017

 New materials—composites

 New business models—strategic partners vs vendors
e Faster time to market

 Changing product requirements—P2P vs hub & spoke
 Changing production technologies—additive, smart, ...

o “Copy the past and tweak” is no longer a feasible
production system or supply chain
design/development strategy

« =>\We need to be able to specify and analyze the
complete supply chain at levels of fidelity comparable
to the specification and analysis of the product

—i;,." GLOBAL PRODUCT DATA BOEING is a trademark of Boeing Management Company
h Pl el TERLOBE RABLL T C ight © 2017 Boeing. All rights reserved
y¥v¥v S sumMMIT . opyng ing. A9 :

Copyright © 2017 Northrop Grumman Corporation. All rights reserved.
e GPDIS_2017.ppt | 12

# ELYSIUM —Darker] nonmnor rumsan O maeme
’ F-paric e T PR Lararernves



Why Exchanging Information Is Not Enough

Global Product Data Interoperability Summit | 2017

M:::::;:::m N 5 " Product Support
" Customer
Pecificatio®
System Architectural :
) Verlflcatlon Models -

Model
I

* Analytical Models |

F ."-.\ ‘ Jr\'\.‘ T | | T : )
LT o (-
¢ ! ‘ |

: 5 \@ €. 4 : w

Pe;formance, RMA, év g}) M BSE

SWaP, Cost, etc. ﬁ

B

Software Models

Manufacturing

http://lwww.incose.org/docs/default-source/delaware-valley/mbse-overview-incose-30-july-2015.pdf?sfvrsn=0
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Discrete Event Logistics Systems, reference model

Global Product Data Interoperability Summit | 2017

 Research and development program of the Keck
Virtual Factory Lab at Georgia Tech

e Industry partners over the last 10 years include:
Boeing, FedEx, GE, Lockheed, McKesson, Rockwell Collins,
UTRC

e Sponsorship from NIST

« Commercialization through ModGeno
 NIST SBIR award
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Discrete Event Logistics Systems, reference model

Global Product Data Interoperability Summit | 2017

Need to address:

* (Lack of) Common semantics & syntax for specifying

production systems (reference model)
« Difficulty of integration in PDM/PLM systems

 Time and expense of hand-coding analysis models (imagine if
every FEA/CFD required a simulation engineer to hand-code the

model)
* Very limited decision support to production system engineers

* (Lack of) An engineering design methodology for production

systems
* Very difficult to capture/re-use learnings from experience—Ilots of
tacit rather than explicit knowledge
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Discrete Event Logistics Systems, reference model

Global Product Data Interoperability Summit | 2017

First, Identify the Domain

e Manufacturing systems are systems:
— through which materials (product, tasks) flow
— and are transformed by processes (make, move, store, measure)
— executed using resources (people, equipment, inventory)
— organized in some way (facility or network)

e Product/Process/Resource/Facility

Discrete Event Logistics Systems, or DELS

—w" 7 GLOBAL PRODUCT DATA BOEING is a trademark of Boeing Management Company
: B b e RO RERADILL T Copyright © 2017 Boeing. Al rights reserved
Yv¥ A sSUMMIT . opyrig ing. Allrig -

Copyright © 2017 Northrop Grumman Corporation. All rights reserved.
GPDIS_2017.ppt | 16

& ELYSIUM —Darker sonrrence ameesses (Lozeme

7 ELYSIUM 0o rice [ e s Larmerme



Discrete Event Logistics Systems, reference model

Global Product Data Interoperability Summit | 2017

Bringing the parts togetherin Everett ..

Operations Management

Production Planning

GLOBAL PRODUGT DATA BOEING is a trademark of Boeing Management Company
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Discrete Event Logistics Systems, reference model

Global Product Data Interoperability Summit | 2017

A DELS model is actually a layered series of models:

Storage
Systems

Production
Sys

Transportation
S yst

Supply Chain
Systems
SO

T

Abstract
(more general semantics)

Principle: Define knowledge
and transformations at the
| most abstract level possible,
such that everything defined
at lower abstract levels

« Warehouse * Flow shops, « Material * Healthcare bc_?comes reusable at every
« Fulfillment Open shops, Handling systems higher concrete level.
systems Job shops Systems * Sustainment

+ ASRS * Production « AMHS, System

» Crossdocks lines AGVs, * Reverse /

* HVS * Work Cells conveyors Reman

. » Aerospace * Trucking Systems Concrete B .

« Automotive . (more specific semantics)
™ GLOBAL PRODUGT DATA BOEING is a trademark of Boeing Management Compan
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Discrete Event Logistics Systems, reference model

Global Product Data Interoperability Summit | 2017

Network Abstraction (Structural)
 Abstraction: Networks, Flow Networks, Process Networks

System Behavior (Plant)
« Abstraction: Product, Process, Resource, Facility + Task

Control
 Admission, Sequencing, Resource Assignment, Routing, &
Resource State

Domain-specific Reference Models
* Production (Make), Warehousing (Store), Transportation (Move)
 Supply Chains, Healthcare Logistics, etc.
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DELS Modeling Framework

Global Product Data Interoperability Summit | 2017

Framework both for " : Emg;orksy&
elaborating the : PPRF + Tack NTwlk

reference model

and for using it to S B Seeme M oo S
model existing I | | |

* Healthcare

SyStemS or to « Warehouse + Flow shops, « Material
f « Fulfillment Open shops, Handling systems
« Sustainment
r r systems Job shops Systems
Su ppO tfuture + ASRS « Production « AMHS, System
I « Crossdocks lines AGVs, * Reverse /
SySte m d eSIg n *« HVS * Work Cells conveyors Reman
... » Aerospace  Trucking Systems
« Automotive LI
« Semiconductor
- AN
Systems
Models
____________________ I}_________-_-_-__________
MO Actual real systems (or

simulations of them)

Language Layer
—+ May also include a
TFN & DELS DSL

Top of M1

* DELS Reference model
__+ Network Abstractions

* PPRF Domain Ontology

« PPRF Taxonomies & Model

Libraries
« Control Patterns
Middle of M1

* (sub-) Domain-specific
reference models and

architectures

L+ Generalization Set aligns with
STORE, MAKE, & MOVE
processes

__ Bottom of M1

+ System Models
*  ‘“as-built” or “specification”

— models

GLOBAL PRO DATA
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DELS Network Abstraction

Global Product Data Interoperability Summit | 2017

package TokenFlow Netw ork_MetaModel | \éﬁ TokenFlow Netw orky

+nestedNetw ork
0.1
+parentNetw ork +parentNetw ork

Most abstract system ' =

+parentNode |0..1 +node [1..*

representation, which Noge __|encion shocenesge (g

+label ; String [0..1]{id} 2

enables and supports s
model-to-model R SO s
transformation for large e ortoare .1 R

+flow Amount : Real [*] = 0.0{ordered}
+production : BilOfTekens [0..1] | +sourceFlow Node +outgoingFlow Edge | +flow Capacity : Real ["){ordered}

+grossCapacity : Real [0..1]
1 - +flow FixedCost : Real [*] = 0.0{ordered}
classes of systems

Network

+w eight : Real [0..1] [

+relationshipEdge | 0..1

+flow Interface [ 1..*

{redefines nestedNetwork} +flow UnitCost : Real [*|{ordered]}
+nestedProcessNetw ork
0.1 |ProcessNetwork | +parentProcessNetw ork
+/time : Real
{redefines parentNetwork} +.,-ég:t Reil 0=
+parentProcessNetw ork ’ {redefines parentNetwork}|
0.1
{redefines node} {redefines edge}
+parentProcess |0..1 +process |1..* b
+sequencingEdge
Process
i i SequencyDependenc:
+inputiters : BilOfTokens [0..1] |*targetProcess +incomingSeqDep [ —~1 - Y= Y
+outputitems : BillOf Tokens [0..1] |1 * *ype : DependencyType [1]
+durationMeasure [1..7] +sourceProcess +outgoingSeqDep
1 "
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Discrete Event Logistics Systems, reference model

Global Product Data Interoperability Summit | 2017

Layer 2, Discrete Event Logistics System (abstract): Core semantics include
Product, Process, Resource, and Facility.

Task +authorizedBy +targetProduct| Product Facility
i By 0..1 :
PR - +requiredBy
authorizedBy |0..* I _
0..1 +isLocatedIn | 1

{subsets outputltems}

+canBeCreatedBy |1..* +bill Of Material | 1..*+contains | 1..*
+authorizegExecution s +canExecute +requiredinputResources Resonrce
1 1. *

{subsets inputltems}

What else? An important pattern is plant / control separation, common in product
models but not so much in production system models.
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Discrete Event Logistics Systems, reference model

Global Product Data Interoperability Summit | 2017

;h
package Control[ LL] ControlH'ocessTaxonon‘yy Maps the decision variables in the controller's decision problem to a particular actuator function
and execution mechanism in the plant
«Process»
Control
AN
[ I I |
«Process» «Process» «Process» «Process» «Process»
Admit Sequence Assign Route Change State
J'J -l
—— | ibd [DELS] DELS [ DELS_ControlFlowPatternIlBD . x
«Resource» «Resource» «Resource» «Re == ioResource : ioDELSResource [1.."]
Gate Queue ResourceSeize S EProxy»
admitT ask : Boolean sequencelndex : Integer resourceAssignment
1 ! 1
1 «Resource» | «Resource» | «Resource» |
v admissionGateway : Gate | Task | taskSet:Queue Task assignResources : Seize Task,
«Resource» {Resource Resource
Resource inTask: Task - - == - — 1 el e L
«Resources «Process» |
| resourceSet : Resource | | functionalCapability : Process |
outTask : Task L PV - ST e
;Resouroe
P I ant/C O ntro I m O d e I «Resources P «Resourcen L «Resourcen ,
— mutinsf;?witch e completedTaskSet: Queue | Task | releaseResources :Release
Task [ Task,
LI LI Resource
saquencelndex : Integer

Integration netiode:DELS
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aResourcen
Resource

|

S — «Resourcen
B Capacitated_Resource mscre{tensm_ﬂltso;:e
: e ; changeState = setup |,

«Process» Taxonomically b\_’ function: I 100t aloc) currentState = CurrentService |,

Process Make - change fit, form, +capacityMeasure [1..*] IsDiscreteState,

o function . - +increaseCapacity() qge{\_rstste = q__uelthervice }

i Store - change age +decreaseCapacily() +CurrentService : Process
ﬁs -~ Move - change location +allocateCapacity() Tont
+dealiccateCapacity() setup() ;
+query Service()
«Process» «Process» «Process» «Process»
Control Make Store Move
«Resourcan «Resourcen |
«Resources «Resources
Reusable_Resource Consumable_Resource Stati v Resource Mobile Resource
(isCapacitated. {sC = =
{char = rep ;
IsReusable} IsConsumable} Efer s Clirentl ocation .
= quelsmpz_: queryLocation }
+CurrentLocation : Location
+query!__ocationt)
Most abstract resource models e “repostion(

Perishable_Resource

that capture most resource e

isPerishable}

behavior patterns et roime ]
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Level 4

4 - Establishing the basic plant schedule -
production, material use, delivery, and shipping.
Determining inventory levels.

Business Planning

& Logistics

Plant Production Scheduling,
Business Management, etc

Time Frame
Months, weeks, days, shifts

Level 3 v

3 - Work flow / recipe control to produce the
desired end products. Maintaining records and
optimizing the production process.

Manufacturing

Operations Management

Dispatching Production, Detailed Production
Scheduling, Reliability Assurance, ...

Time Frame
Shifts, hours, minutes, seconds

2 - Monitoring, supervisory control and automated
control of the production process

Level 2
Manufacturing Control

Basic Control, Supervisory Control,
Process Sensing, Process Manipulation,...

Level 1 1 - Sensing the production process, manipulating

the production process

Level 0 0- The physu:al productlon process
& iy GLOBAL PRODUGCT DATA 4™ g™ , BOEING is a trademark of Boeing Management Company
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Discrete Event Logistics Systems, reference model
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Functional mechanisms that manipulate flows of tasks and
resources through a system in real-time, or near real-time.

DELS — - i —— .
Control formulation that
% | ] Controller tur hat reall

nnnnn L — captures what really
AT N happens in DELS control,
A T SR B nterface.and provides an organizing
oy e framework for all published

System “scheduling” theory.

* Which tasks get serviced? (Admission/Induction)
 When {sequence, time} does a task get serviced?

(Sequencing/Scheduling)
* Which resource services atask? (Assignment/Scheduling)

 Where does atask go after service? (Routing)
 What is the state of aresource? (task/services can it

service/provide)

—%" % GLOBAL PRODUCT DATA BOEING is a trademark of Boeing Management Company
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Layer 3, Supply Chain (more concrete)

Galunic & Rodan. "Resource Recombinations in the Firm: Knowledge Structures and the Potential
for Schumpeterian Innovation”

) zhlocks -
SupplyChainResource

MNahapiet & Ghoshal. "social
—Capital, Intellectual Capital,
and the Organizational

Intellectual
Capital

s Advantage
y 1
- “:DC"» — ] <hlocks / " \
R e oyrces Knowledge-Based Resources 4 [AIFEIEMIEELL \
= / experience-
7 hased
/ _ — — 7 " |knowledge.
Fm—t - = - - — - — ==~ "procedural
| - - | knowledge"
blocks blocks blocks blocks «blocks | dbocks L — — — blocks I Lm%ﬂlitéca;
People Plant_and Equipment| |Property Rights Capital Information | |Know How Understanding|— — —|— — — — — — — — = = — — SEES] fgrum
7 I | | reflection and
/ | \ N | abstraction
______________ &= — —
! b. \ N
\ S
data, facts, or symbals
that can be exchanged !
between parties ] i
P knowledge of causal ma;algerlal lagics, rgental
relationships, skills, routines mDh B tar e[ Elil
and hahits, standard SIS
operating procedures,
organizational norms and
values, and interactions
between individuals
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Discrete Event Logistics Systems, reference model
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Layer 3, Supply Chain (more concrete)

Grant, Robert M. "The resource-based theory of competitive advantage: implications for Figure 1. Q sesoyrﬁel-zﬂased A?(P"Oaﬁh to Strategy Analysls:
. q 5 g ractical Framewor
strategy formulation." California management review 33.3 (1991): 114-135.
A. Seloct a strateqy which best
zhlocks exploits the _Iirm's TERALIMGER - Sirais
s znc capabililes relatve
SupplyChainResource externa npportuniliey
& ldentlify rasource gaps
3 Appraise the renl-generabng which need to be filed
potential of resources and
capatiltes in lerms of; . Irwest in replenishirg,
<blocks shlocks <ok <ok <hlocks {} therr potshal for . Competitive | amenting and upgrading
Financial Resource Physical Resource Technelogical Resource Organizational_Resource Reputation sustainatte competitive o ‘he frm's resource vase
advanragz, and ;
[L2) thee ap proprakzility of
their returns. T
2. Icentify 1he tirm's capaklilies:
Whatlcan the firm dq_more cHoctively o Capatiites
thanits rivals? [centi'y the resoilcrs
inp.s o each eapatil by, ana the
complexty of each capabilily +
1 lcestify and classify the im's
jesoUrces. Apprase slrengihs ang e Rescurces -+
weaknesses relalive toconpetiors,
ldenfy cpporiunities for bettar
ulikzahion of resources
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Discrete Event Logistics Systems, reference model
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Negative Feature

Through Feature

Edge Feature

Complex Edge Feature
|Blind Bevel | T |Blind Revolute | Chamfer W

Through Hole | |Through Screw Thread |

i
| |

al

Boundary Through Feature

|Blind Pocket | |Blind Slot |

Interior Through Feature

| |Boundary Through Feature - C |

|Through C B dary |

|Boundary Through Feature - Linear |

|Blind Complex Pocket | |Blind Hole |
subFeature | -
Part has feature|  Feature  |ParenfFeature Blind Linear Pocket | (5 oo T cad Through Linear Boundry
n

+

‘Design Feature‘ ‘Manufacturing Featﬁre)q Positive Feature
Fay
[ |

|Radia|Bend| |Rol|Bend |

|Straight-angle Bend | |Tuhe Bend |

Layer 3, Production System

Enlarged Access Hole ‘
| | | | | | —
m O re C O n C ret e ‘Flange Weld | | Plug Weld | |Back or Backing Weld | |Seam weld | |Surfacing Weld | |Slut Weld |
i |Fillet weld | |Spot weld | Groove Weld ‘Stud Weld | |Projec1ion weld |

Corner Weld
[ [ [ [ What about:
|Square Groove Weld | |Beuel Groove Weld | |U Groove Weld | |Flare Vf Groove Weld ‘ - cold-working holes
- annodizing parts
|Sl:arf Groove Weld | |\l’ Groove Weld | ‘.I Groove Weld | |Flare Bevel Groove Weld ' sealmg awing Structure for fuel
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Discrete Event Logistics Systems, reference model
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whlocks «EnUmeration:
Part PurchasingScheme
o istasterForPart |* perh'éRPP A part number | $YaUeTypes evalueTypes
e identn?:pstring " |sKu_aircraftManufacturing_13digit

«EMLIMEration:

RawMaterial
SourceCocde

Component part master n
customer supplied part

PartMaster government furnished
Subassembly source |fab

8 make on assembly
isBOMfarPart |1 purchase complete fram supplier

Assembly

#EnUmeration:
MeasurementUnits

) grarm
unit of measure |meter

liter

sguare meter
cubic meter

«enumeration:

PartType

type |Raw Material
Component
Suhassembly
Assembly
Hardware
Installation Drawing

enLmeration:
PartCategory

Airframe
cateqory |APL

Layer 3, Production System e

Flight
Mone Reguired
Pyra
(more concrete) NG
MBOM BuildTo Package area | Area kit Kit
build to package ' '

1.7

change autharity |change Authority

1
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Commercialization
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ModGeno is currently conducting an SBIR

Phase 1 feasibility study, sponsored by NIST.

We're starting with Value Stream Maps, a |
low-resolution model that many \g"l’
manufacturers already have, making them an T~ __a=

ideal place to start.

—

https://www.nasa.gov/feature/nasa-aeronautics-budget-proposes-return-of-x-planes
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DEMO: Use a Virtual Manufacturing System to drive continuous improvement.
Source (of the model and the process): Shook & Rother, Learning to See, 1998.
Present State

_— Production Control l\ /60/
90/60/30 day.
Forecasts \/|/|

6-week
State Street

/l/l Forecast

Michigan r”" .
Steel Co. Weekl Daily Assembly
Fax Order
——————— 500 ft coils -
[ f ) /13000 pes/mo L, 6400
[/ Demapid, ¢ pes/mo R
[/ Packsize | | 20 pieces
[ 'Y
[ VA
\\ A\
Weekly Daily Ship \ \‘-.E-
\

Weekly Weekly Weekly Weekly

A [/ Schedule Schedule Schedule Schedule Schedule Schedule
[/
Tuesday & | |

Thursday .'J |

Shipping

! |
A%
h -
Stamping Spot Weld #1 Spot Weld #2 Assembly #1 Assembly #2
QY o O/ o o/ o
Cycle Time 1 second Cycle Time 39 seconds Cycle Time 46 seconds Cycle Time 62 seconds Cycle Time 40 seconds
C_hallgt:uve:l 1 hour Changeover 10 minutes c_hallgEU\'E:I 10 minutes Changeover 0 C_hallgt:uve:l 0
Time Time Time Time Time
Uptime % 85 Uptime % 100% Uptime % 0% Uptime % 100% Uptime % 100%
Time Per Shift 27600 sec Shifts Per Day 2 shifts Shifts Per Day 2 shifts Shifts Per Day 2 shifts Shifts Per Day 2 shifts
Every Part Every 2 weeks Time Per Shift 27600 sec Time Per Shift 27600 sec Time Per Shift 27600 sec Time Per Shift 27600 sec
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Feasibility Study: Prove the technology as a plugin, inserted into the Visio platform.
(Why? Because that’s where the users are — there are many lean manufacturing engineers who
will never use SysML and MagicDraw, but may use Value Stream Maps in a tool like Visio.)

Home  Insert  Design

D

Predict rediction
Performance  Options

What 77
] Production Contral
G-week 80,/60/30 daw,
Maore Shapes ¥ & Forecast Forecasts \
Quick Shapes .___,__.———-——"
Yalue Stream Map Shapes ichigan Ry State Street

Weekly

Dail
Stesl Co, \ Y Assermbly
ole Shapes f— Fax Order
. 500 ft coils
T praces: N Inventory 0 pesfma L, 6400
e pesfmo R
==+ Push arrow m Customer/S... Pack Size 20 pieces
Shiprnent Shipment B
arrow - ftruck

= raeliEsem hanual W eakly Weekly Weekly Weekly Weekly Daily Ship
Schedule Schedule Schedule Schedule Schedule Schedule

control infarrnation

=
- Electronic Data table

infarration Tuesday &

Timeline Timeline Thursday
segrnent total
Production = Mithdrawal
0 kanban kanban
D Batch kanban \i'alttﬂraw =
v Sl f Kanban post 3
kanban P Stamping Spot Weld #1 Spot Weld #2 Assembly #1 Assem bly #2 shipping
3 Supermarket SS:Of:tnyuffer
== FIFQ lane === Pull arrow 1 o)) o O
Cycle Time 1 second Cycle Time 39 seconds Cycle Time 46 seconds Cycle Time 62 seconds Cycle Time 40 seconds
| Pull arrow 2 Pull arrow 3 - - - - -
e Sy s S e erangeoee ) rangeoyar )
ull atrowr 4 B0 Kaizen burst o7 S Y S R R YR R T T T T T
Uptirmne % 85% Uptime® 100% Uptime a0% Uptirne % 100% Uptirnes 1008
O Physical pull Sequenced Tirne Per Shift 27600 sec Shifts Per Day 2 shifts ShiftsPer Day 2 shifts Shifts Per Day 2 shifts Shifts Per Day 2 shifts
] Every Part Every 2 weeks Time Per Shift 27600 sec Tirne Per Shift 27600 sec Tirme Per Shift 27600 sec Tirne Per Shift 27600 sec
=] Load leveling
- T e T E ;- I N S MY S Dy T g S iy
, 4 “ 'g i IEJH OI:II RII\AIIB | 'i' TTY Copyright © 2017 Boeing. All rights reserved.
E;?r: ELYS'UM m NORTHROP GRUMMAN @ﬂaflﬂc Copyright © 2017 Northrop Grumman Corporation. All rights reserved.

GPDIS_2017.ppt | 33
i ELYSIUM [ paric: [N e e 7L aranearer = ppt |



Commercialization

Global Prod

50,000-foot results view: Metrics guiding the continuous improvement process will be
Throughput, Inventory, and Production Lead Time.

Present State

‘____________Furecast Forecasts

— Production Control
G-week 90/60/30 day\

Michigan State Street

Steel Co. WE‘EHy"—-_____- \ aily Assembly
— Fax Order
——————— 500 ft coils <
pes/mo R
/ i 20 pieces

Weekly Weekly Weekly Weekly Weekly Daily Ship
Schedule Schedule Schedule Schedule Schedule Schedule

Tuesday &
Thursday f

TH = 60.6
units/hour

TH =60.2

l units/hour

Spot Weld #1

TH=59.6
units/hour

Spot Weld #2 Assembly #1 Assembly #2

VAN

(o))

Lead Time

0.46 Hours cycle Time 1second Cycle Time 39 seconds Cyele Time 46 seconds Cyele Time .02 Hours Cyele Time 40 seconds 0 Hours

Changeover 1 hour 4.98 Hours Changeover o 14.75 Hours Changeover o o Changeover °
Time Time - Time 42.65 Hours ~ Time Time

Uptime % 85% Uptime % 100%: Uptime % 0% Uptime % 100% Uptime % 100%
Time Per Shift 27600 sec Shifts Per Day 2 shifts Shifts Per Day 2 shifts Shifts Per Day 2 shifts Shifts Per Day 2 shifts
Every Part Every 2 weeks Time Per shift 27600 sec Time Per shift 27600 sec Time Per Shift 27600 sec Time Per Shift 27600 sec

Prod Lead Time
0.46 hours 4.98 hours 14.75 hours 42.65 hours 0.02 hours 0 hours

=62.9 hours

1.1 seconds 43.6 seconds 51.4 seconds 69.1 seconds 44.4 seconds 0 seconds Value Add Time
= 3.5 minutes

—W 7 GLOBAL PRODUCT DATA BOEING is a trademark of Boeing Management Company
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Step 1: Change Work Release
Before: Release a day’s worth of work every morning (920 jobs all-at-once)

Now: Release work according to Takt time (1 job every 60 seconds)

—_—

____——— Production Control
/l 6-week 90/60/30 day.
Forecast Forecasts
Michigan Weekl " State Street
Steel Co. eekly g aly Assembly
Fax ifts)fer Day \ \2 rder
+ PuBatches
1~ 500 ft cails % ReleasefRule zkzwms ~
'." I.-' Work Releass &0 Dema !‘fﬂ\ 12000., ocs,fmo:l:f:)o:
.'. Ir' Interval ® N — A L -
f / Work Releasd patch ) Fack Size \ \. 20 pieces
[ Size Ao
.'. 'II \ b
.". |,' Weekly Weekly Weekly Weekly Weekly Daily Ship ‘
/ Schedule Schedule Schedule Schedule Schedule Schedule
{
'\ A\ \
Stamping Spot Weld #1 Spot Weld #2 Assembly #1 Assemnbly #2 Shipping
O e O O O QO
Cyele Time 1 second Cycle Time 39 seconds Cycle Time 46 seconds Cyele Time 62 seconds Cycle Time 40 seconds
Changeover 1 hour Changeover 10 minutes Changeover 10 minutes Changeover o Crlangeover o
Time Time Time Time Time
Uptime % 85% Uptime % 100% Uptime % 80% Uptime % 100% Uptime % 100%
Time Per Shift 27600 sec Shifts Per Day 2 shifts Shifts Per Day 2 shifts Shifts Per Day 2 shifts Shifts Per Day 2 shifts
Every Fart Every 2 weeks Time Per Shift 27600 sec Time Fer Shift 27600 sec Time Per Shift 27600 sec Time Per Shift 27600 sac
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" e Production Control 1\ /60/30 4
b6-weel 90/60/30 day.
AAA Forecast \ /I

— Forecasts

Michigan V——_-——-_—- i State Street
Steel Co. Weekl Daily Assembly
Order

————
4"{ 500 ft coils 7=
- @oo pes/mo L, 6400

Rute 74

Tk Releasq AtiMgrvals

Work Releas

'mo R
Interval %—‘%’N
Work Releasq Batch Y 20 pieces

Size

Weekly Weekly Weekly Weekly Weekly Daily Ship

e | Schedule Schedule Schedule Schedule Schedule Schedule
Tuesday &
Thursday

TH =599
units/hour

TH =599

I units/hour

Spot Weld #1

TH =59.6
units/hour

TH = 56.0
units/hour

TH =56.0
units/hour

TH = 56.0

units/hour
3

Spot Weld #2

Stamping Assembly #1 Assembly #2

Shipping

- . . Throughput:
A A o A Unchanged
0.19 Hours cycle Time 1second 0.37 Hours cycle Time 39 seconds Cyele Time 46 seconds Cycle Time 62 seconds 0.02 Hours cycle Time 40 seconds 0 Hours

k2
Changeover Changeaver Changeover Changeover Changeover
Time 1hour Time 10minutes 14.19Hours Time 10 minutes 1087 HoursTme 0 Time 0 I nve nto ry:
Uptime % B5% Uptime % 100% Uptime % 30% Uptime % 100% Uptime % 100%
Time Per Shift 27600 sec Shifts Per Day 2 shifts Shifts Per Day 2shifts Shifts Per Day 2 shifts

Shifts Per Day 2 shifts 8% Im proved
Every Part Every 2 weeks Time Per Shift 27600 sec Time Per Shift 27600 sec Time Per Shift 27600 sec

Time Per Shift 27600 sec

0.19 hours 0.37 hours 14.19 hours 42.87 hours 0.02 hours 0 hours Prod Lead Time
=57.7 hours
alue ime

1.1 seconds 43.3 seconds 51.4 seconds 69.1 seconds 44.4 seconds 0 seconds .
= 3.5 minutes
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Step 2: Produce to a finished-goods supermarket (= limit the inventory at Shipping)

Before: All push, with unlimited inventory at Shipping
Now: Starting introducing pull, using Kanbans

e e Production Control ‘\ 0/60/30d
ay. /I/
Forecasts \/l

/|/ 6-week
Forecast
Michigan Weekl Dail State Street
Steel Co. eekly Hs Per Da 3 aly Assembly
Fax v rder
+ PushBatches
'~ 500 ft coils Work Releass Rule ) nterval 7
[ —— T~
[ | Work Release Demaga, 12080 5cs/mo L, 6400
[ 50 seconds Yo pesfmo R
[ Interval Fack Size | | 20 i
[ ‘Work Release Batch 4 Aok Slae L€ \'_ pleces
Size AR
VoA
W\
\
\.

/ [ Weekly
| Schedule
/

Daily Customer
Requirement

| s==- - - -
[ H
[
/ I 1
) [ \
N . H \
\ L —_ \
Stamping Spot Weld #1 Spot Weld #2 Assembly #1 Assemnbly #2 Shipping
Cyele Time 1 second Cycle Time 39 seconds Cycle Time 46 seconds Cyele Time 62 seconds Cycle Time 40 seconds
fhangeover 1 hour Changeover 10 minutes Changeover 10 minutes Changeover o Crlangeover o
ime Time Time Time Time
uptime % 25% Uptime % 100% Uptime % B0% uptime % 100% Uptime % 100%
Time Per Shift 27600 sec Shifts Per Day 2 shifts Shifts Per Day 2 shifts Shifts Per Day 2 shifts Shifts Per Day 2 shifts
Every Fart Every 2 weeks Time Per Shift 27600 sec Time Fer Shift 27600 sec Time Per Shift 27600 sec Time Per Shift 27600 sac
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- Production Control
/l/l/ g-week \90.-’60#30 dav\/[/l_/

‘__________-———Forecast Forecasts

Michigan w kW—-—-__-—-—- pail State Street
ecl ally
Steel Co. ThiftsPerDey 2 rder\ ey

Fax
— PushBatehes

7 500 ft coils Work Release Ruls - aras

I Wark Release 2000 pes/mo L, 5400
60 seconds pesfmo R

Interval
Work Release Batch N 20 pieces

/ Size
{ | Weekly Daily Customer
Schedule Reguirement

TH = 60.0
units/hour

TH = 56.7
units/hour

TH = 56.6
units/hour

TH = 56.0
unitsfhour

TH = 56.0
units/hour

TH = 56.0
units/hour

Stamping Spot Weld #1 Spot Weld 42 Assembly #1 Assembly #2 Shipping

1O
A

Throughput:

A /\ A o o Unchanged
0.19 Hours Cycle Time 1 secand Cyede Tirme 38 seconds 5 H Cyde Time 46 secands Cycle Time 62 seconds 0,02 Hours Cycle Time 40 seconds O Hours
5.55 Hours -
Changeover 39.23 Hours  “hangeover Changeover 13.45 Hours Changeover Changeaver
Tine 1 hour Time 10 minutes Time 10 minutes Time [} Time o I nve nto ry:
Uptime % 85% Uptime % 1007 Uptime % S0% Uptime % 100% Uptime % 1005
Time Per Shift 27600 sec Shifts Par Day 2 shifts Shits Par Day 2 shifts Shifts Per Day 2 shifts Shifts Per Day 2 shifts U nc h an ge d
Every Fart Every 2 weeks Tiene Per Shift 27600 sac Tirne Per Shift 27600 sac Time Per Shift 27800 sex Time Per Shift 27600 sec
0.19 hours 39.23 hours 5.55 hours 13.45 hours 0.02 hours O hours Prf:al'.:a:‘):l::e
1.1 seconds 43,6 seconds 51.4 seconds 69.1 seconds. 44.4 seconds 0 seconds 2 Ti min“t‘:c
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Step 3: Introduce continuous flow
Before: Inventory accumulates between each Welding and Assembly process
Now: Consolidate four processes into one cell, and make process improvements to reduce C/T

- Production Control
6-week 90;60{30 da‘f\

Forecast Forecasts

—

Michigan Weekl Dail State Street
Steel Co. eekly Hs Per Da 3 ally Assembly
—— Fax il rder
4 PushBatches
L 500 ft coils ‘Work Releasa Rule Atintervale —
Y E— ' 12000 pcsfmo L, 6400
; Work Release 50 seconde Demagd, pes/mo R
[ Interval T i
f f Work Release Batch . Fack Size L 20 pieces
| Size \
{ LR
|'I |'I ‘\\ \
{ ) . \
[ Weekly Daily Customer \ \
| . |
/ Schedule R ent
[ . \ Y
f{ \ .
Tuesday & [ '\ Daily
Thursday | | \
|II 'I

1
L}
1
© 1
\ l \\.
Stamping Welding & Assembly Shipping
) ) o
Cyele Time 1 second Cycle Time 56 seconds
Changeover 1hour Changeowvar 0
Time Time
Uptime % 85% Uptime % 100%
Time Per Shift 27600 sec Shifts Per Day 2 shifts
Every Fart Every 2 weeks Time Per Shift 27600 sec
—%" % GLOBAL PRODUCT DATA BOEING is a trademark of Boeing Management Company
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Michigan
Steel Co.

b~ 500 ft coils

Work Release Batch 1

P Production Control
6-week 90/60/30 day.
‘_____.__-———Forecast Forecasts \
ey ‘\5 i e
eekly - aily Assembl
‘-—-_-_.-—_ el A— S rder_\ !
PushBatches
Work Release Rule &P 2 —
_ AUnlervals 13060 pesf/me L, 6400
Work Release §0seconds Dema_ﬂfd—\ \ pcsfmo R
Interval

Pack Size 20 pieces

Size
Weekly Daily Customer
Schedule Requirement
[ 77
Tuesday & ‘f / ///A
Thursday | |
I Ny |. .......................
TH = 60.0 H TH=59.8 TH=59.8
units/hour H units/hour units/hour
H \
- 3
Stamping Welding & Assembly Shipping
0 Throughput:
- [v)
A\ A e A o 7% Improved
0.19 Hours Cycle Time 1 second Cydle Time 56 seconds 0 Hours
Changeover 5.08 Hours Changeover
0 Inventory:
Uptime ¥ 85% Uptime % 100%
Time Per Shift 27600 sec Shifts Per Day 2 shifts 90% I m p roved
Every Fart Every 2 weeks Time Per Shift 27600 sec.
Prod Lead Time
0.19 hours 5.08 hours 0 hours =527 hours
1.1 seconds 65.1 seconds O seconds alue N ‘me
= 1.1 minutes
i i GLOBAL PRODUCT DATA BOEING is a trademark of Boeing Management Company
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Q: What is the Value?

“Trust Me” versus “Show Me”

State Street
A Assembly
}ZDOU 5/ L, 6400
12600 pes/mo L,
Demarid, pes/mo R
Packsize | 20 pieces
T\

< » Cost

Shipping

— Throughput:
C\ ghp
N\

g@ x PN 7% Improved

Inventory:
90% Improved

Prod Lead Time
- 0 hours =5.27 hours

Oseconds alue 3 Ime
=1.1 minutes

A: The value includes enabling communication, trust, estimating benefits to tradeoff against
costs, and continuous improvement.

€
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Q: Where is SysML?

Material Layer, PUSH Information Layer

A: SysML is present, but in the background.
SysML is the vehicle for creating an actionable
engineering discipline.

BOEING is a trademark of Boeing Management Company
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Opportunities to Engage
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 INCOSE MBSE Initiative WG on DELS Modeling
e Single community for modeling DELS

— Investigate crossover with transportation and healthcare
WGs

« Connect to and engage with production system and logistics
organizations

 For every company that would like to see the benefits of
MBSE in their manufacturing and supply chain organizations

« Keck Virtual Factory Lab

 Concept development, analysis model development, M2M
transformation

 ModGeno
* Product development, program support
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For more information
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leon.mcginnis@isye.gatech.edu
timothy.sprock@nist.gov
conrad.bock@nist.gov
george.thiers@modgeno.com
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