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Collaborative Effort
Primary Current Team

e | ockheed Martin
— Sandy Friedenthal

e Deere & Co.
— Roger Burkhart

e Georgia Institute of Technology (GIT)
— Russell Peak, Chris Paredis, Leon McGinnis, & co.

— Leveraging collaborations in
PSLM Center SysML Focus Area (see next slide)
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GIT Product & Systems Lifecycle ManagemensCeRies
Leveraging Related Efforts www.psim.gatech.edu

« SysML-related projects:
— Boeing, Deere, Lockheed, NASA, NIST, TRW Automotive, ...

» Other efforts based at GIT:
— NSF Center for Compact & Efficient Fluid Power

— SysML course development
» For Professional Masters in SE program, continuing ed. short course, ...

— Other groups & labs (EIS, Virtual Factory, ...)
— Vendor collaboration (tool licenses, support, ...)

« Consortia & other GIT involvements:
— INCOSE Model-Based Systems Engineering (MBSE) effort
— NIST SE Tool Interoperability Plug-Fest
— OMG (SysML, ...)
— PDES Inc. (Model-Based Enterprise, APs 210, 233, ...)
« Commercialization efforts:

— www.VentureLab.gatech.edu-based start-up:
tools for executable SysML parametrics
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Faster Design

Start Launch

Product Design >

Process Design >
fime >

Product Desig>

Process Desig}

Launch
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L Y IFPDﬂp]:rmch
————— Cost of Change
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“To Be"” Design Process

e Both Product Design and Process Design,
individually, are done faster, cheaper, better

— Tighter integration of design and analysis

e Better integration of product design with
process design

— Common product model/

Georgiansiitute
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Demonstration Project

|
I Georgianstitute
E ofTechnoalogyy

Page 9



Model-Based Systems Design

e Increasing system
complexity

e Distributed design and
modeling

e Models of multiple Aspect
system aspects Models
N

e Information sharing
between system

models A
Aspect
B
System Models
Design
Model N\

| Georgialnsiituie
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IPPD: An IE Perspective

Process Capability

Product Design and Capacity

22
N
N\
Production Manufacturlng
Requirement Planning
MB Facilitation Plan
Purchasing Requwements Resources
Production Costs Layout
Lot sizing/WIP
CT, TH

| Georgialnstiiuie
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How to make it happen?

Data standards and interoperable
software do not, by themselves, assure

Integration!

Semantic content is the critical factor
for integration:

« of design with analysis

e of product with process

Georgiallnsiitute
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Semantic Content

e The weight of a part depends upon its
dimensions

e The transport time between two workstations
depends upon both the distance and the
behavior of the transport system

e The behavior of a WIP buffer depends on the
dispatch policies

| Georgialnsiituie
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The Chall

Hydraulics Model

‘hEQﬁa’f’w!‘_C; B WHESAALBAOEE K QABRS =4
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GIT Testbed: Tools and Models

v

Traditional
Authoring Tools

NX / MCAD Tool

Excavator
Boom Model

FactoryCAD

Factory
Layout Model

Excel

Production
Ramps

2008-02-25a

G
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GIT Testbed: Tools and Models

h 4

Traditional
Authoring Tools

v

NX / MCAD Tool

Excavator
Boom Model

FactoryCAD

Factory
Layout Model

Traditional
Simulation & Analysis Tools

ModelCenter

Optimization
Model

Excel

Production
Ramps

2008-02-25a

W
Ansys J L Mathematica
Reliability
Excel Dymola
e Dig Cycle
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GIT Testbed: Tools and Models

SysML Tools
RSA/E+/ SysML No Magic / SysML RSA/E+ / SysML
Operational Excavator
Factory Excavator Scenario Executable
Model System Model .
Scenario
h 4 h 4
Traditional Traditional

Authoring Tools

NX / MCAD Tool

Excavator
Boom Model

FactoryCAD

Factory
Layout Model

Excel

Production
Ramps

2008-02-25a

Simulation & Analysis Tools

ModelCenter

Optimization
Model

W

Ansys J
FEA Model

L Mathematica

Reliability
Model

Excel

Cost Model F

Dymola

> Dig Cycle
Model

eM-Plant

Factory
Simulation

Ge___
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GIT Testbed:

JTools and Models

SysML Tools
RSA/E+/ SysML No Magic / SysML RSA/E+ / SysML
Operational Excavator
Factory Excavator Scenario Executable
Model System Model .
Scenario
A
A
Interface & Transformation Tools
(VIATRA, XaiTools, ...)
A Y
A Y
Traditional Traditional

Authoring Tools

NX / MCAD Tool

Excavator
Boom Model

FactoryCAD

Factory
Layout Model

Excel

Production
Ramps

2008-02-25a

Simulation & Analysis Tools

ModelCenter

Optimization
Model

W

Ansys Mathematica
Reliability
Excel Dymola
e Ly Dig Cycle
eM-Plant

Factory
Simulation

Ge___
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=

INCOSE What is SysML (cont.)

- Is a visual modeling language that provides
— Semantics = meaning
— Notation = representation of meaning

* Is not a methodology or a tool
- SysML is methodology and tool independent

112652007 Copynght © 2006,2007 by Object Management Group. 13

‘Georgia]rm@.{mm@ From: http://www.omgsysml.org/INCOSE-2007-OMG-SysML-Tutorial.pdf
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SysML Diagram

Behavior : Requirement Structure
Diagram : Diagram | Diagram
I I I I 1 I
Activity Sequence State Machine Use Case Block Definition Internal Block Package
Diagram Diagram Diagram Diagram Diagram Diagram Diagram
| Parametric |
I Diagram
Same asUML 2 ------'
Modified from UML 2
‘ i ’
JI
| @eorglalneiiue From: http://www.omgsysml.org/
Page 21
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1. Structure

4 Pillars of SysML — ABS Example

sl AHS_AanaiorSeuence [Sequence Diecann)| J

bad jpackaps] VehdeStuaure JAESS ek Dev ton Dgmm],
«hiocke shiocks
Library:: ;;:T::u Library:Ele:
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Processcy il Valve
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\ d1 [Int=mal Bledk Diagram| ;
\ /
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Traction
Detector i o
.y i : Brake
definition use Iack s ator

req \oackage! YeridaSpachizoton:
[Recvkemans Diagram

Braking Requraments) I

ome
SYSTEMS
NODELING
LANGUACE

2. Behavior

rate Trm vasicle shisl g
from &0 mph withis 100 ©
of @ clean dry sufas”
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Jecte Demeng sutmyster sl
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N

e ew e

3. Requirements

7/26/2007
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stmTInsT raction [State U l?Q'a"\]/J interaction
[ 2et Prevent_otkup [Acthvity Tiagmam] _,l state
JL machine
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4. Parametrics
Copyright © 2006,2007 by Object Management Group.
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From: http://www.omgsysml.org/INCOSE-2007-OMG-SysML-Tutorial.pdf

Page 22



The challenge is discovering how
best to use SysML to enhance
product/process design integration

| Georgialnsiituie
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“"Wiring Together” Diverse Models via SysML

Mechanical _—
CAD model

| Georgialnsiituie
| i Technalog)y

Level 1: Intra-Template Diversity

par [cbam] LinkagePlaneStressModel [Definition view])

/

r————-_- === " " = R
| soi: Linkage |
I effectiveLength: [:
| deformationModel:
| sleevel: | LinkagePlaneStressAbb
/IV widthzti:—‘ ml
: wallThickness: [ I ‘ [ Jwsi: A/
I outerRadius: [} 1 [ ts1:
| | [ rsi:
| sleeve2: I M ws2:
|
: width: [ | I ‘ [ ts2:
| wallThickness: [ | } [ rs2:
| ou!erRadius:I:;.—‘ [ ]t
I I :‘wf
I I
shaft: [ w:
I | '
| criticalCrossSection: | [ Jex:
| . _ | [ uxy: uxMax: [}
I basiclsection: | .
—1_|force: sxMax:[|
| flangeThickness: [| }
I I
| flangeWidth: [ }
I I
| webThickness: [_| }
I I
| | condition: Condition
| P e —— |
(- material: | )
| | reaction: [ ———
: | name: l:' | []description:
| - - " I sxMosModel:
| | mechanicalBehaviorModels: I : MarginOfSafetyModel
: | linearElastic: : | determined: ||
| | youngsModulus: [} | Jallowable:
| | I | marginOfSafety:[|
I | poissonsRatio:[_| : }
| : | : uxMosModel:
MarginOfSafetyModel
| | yieldStress: [} | ELNCIE R i
| —— —_——- - - — — = - determined: ||
| allowablelnterAxisLengthChange: E: :‘ allowable:
e e e e e e =

marginOfSafety:[|

CAE model

Symbolic

(FEA)

math models

[Peak et. al 2007]
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Diverse Types of Relations ...
(partially supported to date)

| Georgialnsiituie
| afTechnalog)y

System A

System B
al bl
[ — bl=al+a2 ]
a2 formula-based
a3 b2
_ '_:|
- equality L
a4
[ a4<100
constraint
as[i] b3
——— b3=AVG(a5) ]
aggregate
a6 b4
if (a6 <= 250) b4 = 250
[ if (250 < a6 < 300) b4 = 300 i
if(a6 > 300 ) b4 = a6
buffered
7 (far=10) S
[—|a ./: if a7 <= 10 [
] L
ifa7>1 b6
P if a7 > 10 []
selector
8 !
[]a ./I while a8 <= 50 b O
breaker
a9 ks b8
black-box
alo b9
>
- 0 [Tamburini,

unidirectional

Peak, Paredis 2005]
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“"Wiring Together” Diverse Models via SysML

Level 2: Inter-Template Diversity

Naval Systems-of-Systems (SoS) Panorama—An Envisioned Complex Model Interoperability Problem Enabled by SysML/COBs/MRA

17 Optimization Templates | ==~

System Description
Tools & Resources

ECAD & MCAD Tools
Tribon, CATIA NX, Cadence, .

MagicDraw,
Eclipse, ...

:E.:I
=

Operation Mgt. Systems

_— :‘;' .,fft‘.. 7§i . ¢
Libraries & Databases /
Classification Codes, Materials,
. Personnel, Procedures, ...

Georglaﬂm@{tn"m{t@
ofTechnoalogyy

Systems & Software Tools
DOORS,

Simulation

Building Blocks

Simulation Templates
of Diverse Behavior & Fidelity

Evacuation |,
Mgt.

‘\

’
z

Propeller
Hydro-
dynamics

Augmented
Descriptive Models

Utilizes generalized MRA terminology (preliminary)

Damaged
Stability
Navigation :
Accuracy | p—-f F— - ;
E eI

I

— Tool Associativity

Legend - - > Object Re-use

Simulation
Solvers

Evacuation Codes

« Egress, Exodus, ...

General Math

~ Mathematica,

/ Maple, Matlab:...

/

CFD

Flotherm, Fluent, ...

FEA
Abaqus, Ansys,
Nastran, ...
Discrete Event
Arena, Quest, ...

Russell.Peak@gatech.edu 2007.&5&96 26
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GIT Testbed:

JTools and Models

SysML Tools
RSA/E+ [ SysML No Magic / SysML RSA/E+ [ SysML
Operational | Excavator
Factory Excavator Scenario " Executable
Model System Model .
Scenario
A
A
Interface & Transformation Tools
(VIATRA, XaiTools, ...)
A Y
A Y
Traditional Traditional

Authoring Tools

NX / MCAD Tool

Excavator
Boom Model

FactoryCAD

Factory
Layout Model

Excel

Production
Ramps

2008-02-25a

=

Simulation & Analysis Tools

ModelCenter

Optimization
Model

W

Ansys Mathematica

Reliability
FEA Model Model

Excel Dymola

Cost Model N Dig Cycle
Model

eM-Plant

Factory
Simulation

Ge___
| of Techmnalogyy
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Excavator Modeling & Simulation Environment

GIT Testbed:

A. Descriptive Tools
(Authoring Tools, ...)

MCAD Tools
NX

B. Simulation Building Block
Libraries

D. Context-Specific
Models

Data Mgt. Tools

Excel

Optimization
Concepts

Cost
Concepts
Reliability Solid
Concepts Mechanics

Queuing Fluid
Concepts Mechanics

E. Solvers

4

SysML Tools

C. Collective Descriptive Models

Excavator Sys-Level Models

Optimization Model

Optimizers

» | ModelCenter

Objective
Function

Cost
Model

Reliability
Model

Dig Cycle

Excavator Domain Models

Collective Excavator Model

Generic Math Solvers

= Excel

» | Mathematica

Model

[Operations} [Hydraulicsw

Subsystem )

MagicDraw

RSD/E+

Factory CAD Tools

Factory

: Boom
Reg. & -
Objectives C@
Dig Site Dump Trucks

Boom Linkage Models

Stress/Deformation Models

Extensional

Sys Dynamics Solvers

Linkage Model

£ Modelica

Plane Stress

Linkage Model

FEA Solvers

»> Ansys

CAD

Factory Domain Models

AGVs ) [ Work Cells
Machines

Collective Factory Model

Assembly Lines

Boom Mfg. Assembly Models

Assembly Process Models

MM1 Queuing

Assy Model

Discrete Event

Discrete Event Solvers
(Specialized)

eM-Plant /

-

Assy Model*

Factory Flow

Notes & Legend

H Tool interface (via XaiTools, etc.)
—— Parametric relationship
——e Composition relationship

2) Each authoring & solving tool also has a native model (not shown)

1) All models shown are SysML models unless otherwise noted.
unless otherwise noted.

) (with a schema based on its offline SysML model).

— Native model relationship (via tool interface, stds., .

3) Infrastructure and middleware tools are also present (not shown)--e.g.,
PLM, CM, parametric graph managers (XaiTools etc.), repositories, etc



GIT Testbed:

JTools and Models

SysML Tools
RSA/E+ [ SysML ’ No Magic / SysML RSA/E+ [ SysML
Operational | Excavator
Factory Excavator Scenario " Executable
Model System Model .
Scenario
A
A
Interface & Transformation Tools
(VIATRA, XaiTools, ...)
A Y
A Y
Traditional Traditional

Authoring Tools

NX / MCAD Tool

Excavator
Boom Model

FactoryCAD

Factory
Layout Model

Excel

Production
Ramps

2008-02-25a

=

Simulation & Analysis Tools

ModelCenter

Optimization
Model

W

Ansys Mathematica

Reliability
FEA Model Model

Excel Dymola

Cost Model N Dig Cycle
Model

eM-Plant

Factory
Simulation

Ge___
| of Techmnalogyy
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Excavator Operational Domain

Georgiansiitute
I efTechmoalogyy

JTop-Level Context Mode/

==icontextDiagrarms==
uc [Package] Equipment] Earth-maving_Excavatar

==hlock== ==hlack=> ==hlock==

==gxternal== = ==gxternal== = ==gxternal== =

Dump_truck Soil Atmosphere
Load_Capacity : “olume Maisture_content : FOCL_Real Temperature : FOCL_Resl
EBed_Height : $OCL_Real Shear_hodulus - $3OCL_Real Humidity © $3OCL_Real
Positioning_Titme : $OCL_Real Denzity © $OCL_Feal Preszure_Aks @ $OCL_Real
Unload_Cycle_Time : $30CL_Real Temperature : FOCL_Real Cortent © FOCL_String = Air
Weight_Capacity : Mass

—-—-—-—r Di le -
Operatur — e Dlg_Cyc:Ie_Tlme : Real

- C':.fcle_Lu:uad_Size : Real
Fuel_burn_rate : Fluid_Flow

A ———————— " Maintain ™
Maintainer S—— o

| \ / =<=hlock== E
% Excavator

Excavator Description

to perform thiz operation.

The Dump Truck is used to receive dit and move and unload it when it becomes within a zcoop of full volume or mass
capacity.

on atmospheric conditions for some properties.

The Atmosphere affects the sail, as well as is uzed by the Excavator Drive-train to produce mechanical energy.

The operator contrals the excavstar position, velocity, and loading characteristics.

The mairtainer accesses the excavstar ta regplenish fuel, ail, and grease, as well az perform lang-term maintenance.

The Maintain use case governs the timeline and periods for which maintenance must ocour. Typically this timeling iz much
greater than the length of time reguired to il & truck from muttiple dig cycles, and is at & minimum a daily startup check.

The Dig_Cycle use case governs the actions of the excavator as it removes ditt from the ground and places it in the truck.

AN

The Excavator iz uzed as a part of a larger enterprize designed to perform earth removal. &n excavator iz azsigned to remove
dirt from a specific location and place it into & truck for transport to a new location. The excavator operstes in a dig oycle mode

The Soil is what is removed by the excavator, and may wary in consistency and is uncertain in propedies, as well as depends

Page 31
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Excavator Operational Domain
Top-Level Use Cases

uc [Package] Use_Cases| Use_Casesj

Add_Fuel @;@
7O< Maintain ) <<include>> . |
< Grease_joints )
Maintainer <<include>> o
— -
. —~
<<include>7"Replace_oil ) —~
b —
T -
PR e T
— il —
_ = — 7 <<ncludes=> — —

<<ingkiagge>> __““11_ Extend_Bucket
.

_" — — — <<include>> _ __ _ Rotate_Carriage
% T — <<include>>

Operator

—
—

Retract_Bucket

nClideR Move_Forward

—hn..____-_-____—____-_._____..l-"
H‘E‘:in.;;lu(__j?:v}

<<include>¥ Rotate Base

—
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bdd [Elock] Excavator] breakdown? l|

Excavator Test Case
Top-Level System Breakdown

==hlocks= = |
Excavator

Digg_Cycle_Time : Real
Cycle_Load_Size : Real

Fuel_burn_rate ; Fluid_Flow

-electfical
-mmechgnical ==hlock==
==hlocks:= ElectricalSubsystem
MechanicalSubsystem
-contpols
==hlock==
ControlsSubsystem
-hvdrgulic
==hlock==
= HydraulicsSubsystem
-povper -flow_gortrol -actugtion
==hlock=>
==hlock== FlowControlSubsystem ==hlock== =
Powersubsystem ActuationSubsystem
tank Tank_ ] EL";E;g;;g?%gﬂ%ﬁ?ggﬁ?::lve armcCyl Du:uubIe.&u:ting!—lydraulicc_\,-'lind,ar
pump © YariableDisplacementPump swvingSero - SPoREWEYServovale boomCyl1 : DoubleActingHydraulic Cylinder
hoomicheck © Checkiale boomCyl2 : DoublesctingHydraulicCylinder

armcheck : Checkvake
bucketCheck : CheckWalve
swingCheck ; CheckYalve
hoomSeryo ;. SPotWayServovalve
relief : Relief\alve

comparator] © Shuttlealve
comparator? ;. Shuttlealve
comparatord : Shuttlealve

bucketCyl . DoublefctingHydraulicCylinder
swvinghotor © Hydraulichotor

: Double&ctingHydraulicCylinder
Reliakility : Distributed Property
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Excavator Dig Cycle

Activity Diagram

(‘aet [Activity] Dig_Cycle_Test] Dig_Cycle_Test ]

Identify Dig Position |
. 2 ]

within Reach? Truck available?
L Wes
L A J,:
1 | Extend Bucket to penetration |
Transit_Cycle | Retract Bucket and sweep back |
Mo | Lift Bucket for Ground Clearance |
| Pivot Carriage for Truck Alignment |

Idle |

s
P & Truck Capacity Available?

N =

| Lift Bucket for Truck Clearance |

| Retract Bucket |

’ Wes
Quartity Excavated OK? < =

[ls]

| Pivot Carriage for Penetration Alignment |
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GIT Testbed:

JTools and Models

SysML Tools
RSA/E+/ SysML No Magic / SysML RSA/E+ / SysML
Operational Excavator
Factory Excavator Scenario Executable
Model System Model .
Scenario
A
A
Interface & Transformation Tools
(VIATRA, XaiTools, ...)
A Y
A Y
Traditional Traditional

Authoring Tools

NX / MCAD Tool

Excavator
Boom Model

FactoryCAD

Factory
Layout Model

Excel

Production
Ramps

2008-02-25a

=]

Simulation & Analysis Tools

~ ModelCenter
Optimization
Model

W

Ansys

FEA Model

Mathematica

Reliability
Model

Excel

Cost Model

Dymola

Dig Cycle
Model

i
v

Factory
Simulation

eM-Plant

Ge___
| of Techmnalogyy
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Excavator Modeling & Simulation Environment
GIT Testbed: Pattern View (Interoperability Panorama)

A. Descriptive Tools
(Authoring Tools, ...)

MCAD Tools
NX

B. Simulation Building Block
Libraries

D. Context-Specific
Models

Data Mgt. Tools

Excel

Optimization
Concepts

Cost
Concepts
Reliability Solid
Concepts Mechanics

Queuing Fluid
Concepts Mechanics

4

SysML Tools

MagicDraw

C. Collective Descriptive Models

Excavator Sys-Level Models ’

Optimization Model

E. Solvers

Optimizers

Objective
Function

Cost
Model

ModelCenter

Generic Math Solvers

Reliability
Model

Excel

Dig Cycle

Excavator Domain Models

Collective Excavator Model

Model

[Operations} [Hydraulicsw

Subsystem )

A

RSD/E+

Factory CAD Tools

Factory

: Boom
Reg. & -
Objectives C@
Dig Site Dump Trucks

Boom Linkage Models

Mathematica

Sys Dynamics Solvers

Stress/Deformation Models

Extensional
Linkage Model

Linkage Model

il

CAD

Factory Domain Models

B MM1 Queuing

AGVs ) [ Work Cells
Machines

Collective Factory Model
Assembly Lines

Boom Mfg. Assembly Models

Assembly Process Models

Assy Model

Discrete Event

Modelica

Plane Stress T

FEA Solvers

Ansys

Discrete Event Solvers
(Specialized)

-

Assy Model*

i

eM-Plant /
Factory Flow

Notes & Legend

H Tool interface (via XaiTools, etc.)

—— Parametric relationship
——e Composition relationship

2) Each authoring & solving tool also has a native model (not shown)

1) All models shown are SysML models unless otherwise noted.
unless otherwise noted.

) (with a schema based on its offline SysML model).

— Native model relationship (via tool interface, stds., .

3) Infrastructure and middleware tools are also present (not shown)--e.g.,
PLM, CM, parametric graph managers (XaiTools etc.), repositories, etc



Excavator Analysis/Simulation Models
Problem Definition

Stakeholder _
Concems ... Integration of Concerns about System Aspects | |
o T Behavior Aspects Multi-Body Dynamics,
< Hydraulics, ...
“.—> Analysis —> Simulation —
Cost Aspects
. . : Evaluation of
System —t—>  Analysis —> Simulation S| (RETELTEING,
Architectures Preferences
Various TQ — Multi-Attribute
Topologies eliability Aspects Utility Theory

—>  Analysis —> Simulation ——

[Paredis et al. 2007]
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Hydraulic Circuit Diagram

Pressure-Compensated, Load-Sensing Excavator—ISO 1219 notation

Engineering
Schematic

——

|
J

Mechanical
Interface

Mechanical
Interface

|| [Mechanical
A Interface
l\ A

R
-

_O__/

Mechanical |
Interface

¢

[
|
|
|
|
L

%___Ls_@ '

—_

a3

|| VAN

| Georgialnsiituie
| afTechnalog)y

N
N
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Excavator Hydraulics Subsystem

Design Structure Models

ibd [Elock] HydrauliczSubsystem] Hydraulics Structure l|

power : PowerSubsystem

pOHP : Fluilunction [«

I

portL : FluidJunction  [<

flowControl : FlowControlSubsystem

arma,

=| portP : FluidJunction

armB

boom1 &

ﬂ portl : FluicJunction

boom1 B

pOMT : Fluiclunction  [<= 5] portT : FluidJunction hoomza,
boom2E :

buckets,

buckets :

SN,

ibd [Block] PowerSubsystem] Power Structure l|

portP : Fluiddunction

pump : 'l.!'arial::lE:I]ist|1Ia|[:£:m£:ntPum|J,J_| portP : FluidJunction
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SysML Schematic (ibd) — Detailed View

Pressure-Compensated, Load-Sensing Excavator
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©

Ref: Doc : Diesel Engine
Exx
[Electrical O pn: Cummins242

System]

.01 ElecJunction.a
MechJunction.b
FluidJunction.c

MechJunction.s

: Pressure Relief Valve

FluidJunction.1
ﬁ] FluidJunction.2 [IJ-

: Air Separator

Opn: AS1
FluidJunction

: FD Pump
Opn: AX

A1l: Actuator

O pn: DBL21
MechJdunction.ry

FluidJunction.a
FluidJunction.b

Al: Servo Valve 5/3

O pn: svl

FluidJunction.5C
FluidJunction.4

FluidJunction.2

FluidJunctionFlyidJunction.3

Al: Check Valve

Cpn: CHK1

FluidJunction.2 [|]—

1t FluidJunction.1

D
FluidJunction.pt
FluidJunction.t

Ref: Doc Mxx
[Mechanical
1 System]

A2: Actuator

O pn: DBL21
MechJunction.r
J FluidJunction.a

FluidJunction.b

A2: Servo Valve 5/3

Opn: svl

FluidJunction.5,
JFluidJunction.4
FluidJunction.2
FluidJunctionFluidJunction.3

(=

A2: Check Valve

Opn: CHK1
FluidJunction.2
—[|:| FluidJunction.1 [l}

MechJunction.s

h: TNK-2——
: Vented Reservoir

[m]

FluidJunction.t

FluidJunction.t

Can use a
specific name for
usage in the

schematic, if like
parts exist

.
-

2B* Rubber Hose

Ipn: Hosel .
FluidJunction

FluidJunction

M1: Motor

O pn: DBL21
MechJunction.r

FluidJunction.a
FluidJunction.b

M1: Servo Valve 5/3
Opn: svl

FluidJunction.5
FluidJunction.4
FluidJunction.2
FluidJunctiorFluidJunction.3

M1: Check Valve

Opn: CHK1
FluidJunction.2
FluidJunction.1

[IJ—

Fluid.]ulnction.b - Filter

Opn: Fillb5
FluidJunction.a

: Heat Exchanger

: Thermostatic Control
Valve

Opn: HXB-3

FluidJunction.h
FluidJunction.c FluidJunction.2

opn: STAT3A

FluidJunction.1,

7= Tnatedditale
= TR e

ofTechnoalogyy

Engineering

[

1

Schematic

a
]

R

Mechanical
Interface

T |

i

\
\
\

[
\
\
R
L

=

A=




Excavator Case Study
Native Tool Models: Modelica

Hydraulics Model

SwingFl... BoomCyl... BoomCyArmCyIB... ArmCyIR... BucketC... BucketC... :Ii
Y [] [] E.,
Swin or
T
BpomCyl... ) ;
[ o :
= ®
o
BoomCyl.. §
a
< Mechanical model of complete...
) :
2] |
bopmCommand © ) cc.
Multi-Body System Dynamics Model
< (linkages, ...)
mCommand
<
T P T
3
constantSpeed . 2 | bucgetCommand
mx ST Ly e = Dig Cycle
ma... max2 %
1 max3 circuitTank
max1 ClsRumy
ma...
ma...
environment
y world
| p_amb = 101325
| Georgialnsiituie T_amb = 288.15
| ofTechmnalogny
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GIT Testbed:

JTools and Models

Y

SysML Tools
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Factory Excavator Scenario Executable
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Scenario
A
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Interface & Transformation Tools
(VIATRA, XaiTools, ...)
A Y
A Y
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Authoring Tools

NX / MCAD Tool

Excavator
Boom Model

FactoryCAD

Factory
Layout Model

Excel

Production
Ramps

2008-02-25a
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Simulation & Analysis Tools

ModelCenter

Optimization
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Ansys Mathematica
Reliability
Excel Dymola
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Factory
Simulation

Ge___
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Excavator Modeling & Simulation Environment
GIT Testbed: Pattern View (Interoperability Panorama)
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(Authoring Tools, ...)
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Notes & Legend

H Tool interface (via XaiTools, etc.)

—— Parametric relationship
——e Composition relationship

2) Each authoring & solving tool also has a native model (not shown)

1) All models shown are SysML models unless otherwise noted.
unless otherwise noted.

) (with a schema based on its offline SysML model).

— Native model relationship (via tool interface, stds., .

3) Infrastructure and middleware tools are also present (not shown)--e.g.,
PLM, CM, parametric graph managers (XaiTools etc.), repositories, etc
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Activity Diagram Describes Process Plan
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Elaborating Process Plan
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From EBOM to MBOM
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Allocating resources
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Relations between realization
components

{ Layout (FCAD) }
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GIT Testbed:

JTools and Models
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Factory & Manufacturing Process
Modeling & Simulation Using SysML

[McGinnis et al. 2007]
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Result

e Design-to-Manufacturing Integration

— Through the EBOM to MBOM transformation
e Design-to-Analysis Integration

— Product models to product simulation

— Factory model to factory simulation

Georgiansiitute
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Implications for IE

e New paradigm for factory design and
manufacturing planning

o New set of tools: computer aided IE

e New set of opportunities for IE tool research
and development

| Georgialnsiituie
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SysML-Related Efforts at
Georgia Tech

e SysML Focus Area web page
— http.//www.psim.gatech.edu/topics/sysml/
— Includes links to publications, applications,
projects, examples, etc.
e Selected projects
— Deere: System dynamics (fluid power, ...)
— Lockheed: System design & analysis integration
— NASA: Enabling technology (SysML, ...)
— NIST: Design-analysis interoperability (DAI)
— TRW Automotive: DAI/FEA (steering wheel systems ... )
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