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Collaborative Effort
Primary Current Team

• Lockheed Martin

– Sandy Friedenthal

• Deere & Co.

– Roger Burkhart

• Georgia Institute of Technology (GIT)

– Russell Peak, Chris Paredis, Leon McGinnis, & co.

– Leveraging collaborations in 
PSLM Center SysML Focus Area (see next slide) 



GIT Product & Systems Lifecycle Management Center
Leveraging Related Efforts

• 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

www.pslm.gatech.edu
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Faster Design

Product Design

Process Design

Product Design

Process Design

time

Start Launch

Launch
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Better/Cheaper Design

How do you make design 

changes earlier in the process?

Model-based 

Systems 

Engineering
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“To Be” Design Process

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

– Tighter integration of design and analysis

• Better integration of product design with
process design

– Common product model
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Demonstration Project
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Model-Based Systems Design

• Increasing system 
complexity

• Distributed design and 
modeling

• Models of multiple 
system aspects

• Information sharing 
between system 
models 

Aspect 
A

Models 

Aspect 
B

Models System
Design
Model
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IPPD: An IE Perspective

Manufacturing

Planning

Process Capability

and Capacity

MBOM

Purchasing Requirements

Production Costs

Facilitation Plan

Resources

Layout

Lot sizing/WIP

CT, TH

Production

Requirement

Product Design
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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

• of product with process
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Semantic Content

• The weight of a part depends upon its 
dimensions

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

• The behavior of a WIP buffer depends on the 
dispatch policies
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The Challenge
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GIT Testbed: Tools and Models
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GIT Testbed: Tools and Models
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GIT Testbed: Tools and Models
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GIT Testbed: Tools and Models
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From:  http://www.omgsysml.org/INCOSE-2007-OMG-SysML-Tutorial.pdf
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From:  http://www.omgsysml.org/
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From:  http://www.omgsysml.org/INCOSE-2007-OMG-SysML-Tutorial.pdf



The challenge is discovering how 
best to use SysML to enhance 

product/process design integration
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“Wiring Together” Diverse Models via SysML
Level 1: Intra-Template Diversity

sxMosModel: 

MarginOfSafetyModel

allowable: 

marginOfSafety:

determined: 

effectiveLength:

mechanicalBehaviorModels: 

material: 

yieldStress:

name:

soi: Linkage

criticalCrossSection: 

basicIsection: 

flangeThickness:

webThickness:

shaft: 

allowableInterAxisLengthChange:

uxMosModel: 

MarginOfSafetyModel

allowable: 

marginOfSafety:

determined: 

par [cbam] LinkagePlaneStressModel [Definition view]

deformationModel: 

LinkagePlaneStressAbb

rs1:

ws2:

ts2:

tf:

rs2:

ws1:

ts1:

nuxy:

wf:

tw:

ex:

force:

uxMax:

sxMax:

l:

linearElastic: 

youngsModulus:

poissonsRatio:

flangeWidth:

sleeve1: 

width:

outerRadius:

wallThickness:

sleeve2: 

width:

outerRadius:

wallThickness:

condition: Condition

description:

reaction:

ts1

B

sleeve1

B

ts2

ds2

ds1

sleeve2

L

shaft

Leff

s

rib1 rib2

red = idealized parameter

Mechanical

CAD model

CAE model 

(FEA)

Symbolic 

math models

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

System ASystem A System BSystem B

a10 b9

a1 b1

a2

a3 b2

a4

a5[ i ] b3

a6 b4

a7 b5

b6

if a7 <= 10

if a7 > 10

a8 b7while a8 <= 50

a9 b8

b1 = a1 + a2

a4 < 100

b3 = AVG( a5 )

if (a6 <= 250) b4 = 250

if (250 < a6 < 300) b4 = 300

if( a6 > 300 ) b4 = a6

formula-based

equality

constraint

aggregate

buffered

selector

breaker

black-box

unidirectional
[Tamburini, Peak, Paredis 2005]
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“Wiring Together” Diverse Models via SysML
Level 2: Inter-Template Diversity

Utilizes generalized MRA terminology (preliminary) Russell.Peak@gatech.edu 2007-09

Simulation Templates

of Diverse Behavior & Fidelity

ECAD & MCAD Tools

Libraries & Databases

Classification Codes, Materials, 

Personnel, Procedures, …

CFD

Flotherm, Fluent, …

General Math

Mathematica,

Maple, Matlab,…

Augmented 

Descriptive Models

Evacuation

Mgt.

Damaged

Stability

2D

Simulation 

Building Blocks

Tribon, CATIA, NX, Cadence, ...

Simulation 

Solvers

System Description

Tools & Resources

3D

FEA

Abaqus, Ansys, 

Nastran, …

Operation Mgt. Systems

…
Propeller

Hydro-

dynamics

Evacuation Codes

Egress, Exodus, …

Navigation

Accuracy

Systems & Software Tools

DOORS, 

Studio, 

MagicDraw,

Eclipse, …

…

Optimization Templates

…

Discrete Event

Arena, Quest, …

Tool Associativity

Object Re-use
Legend

Tool Associativity

Object Re-use
Legend

Naval Systems-of-Systems (SoS) Panorama—An Envisioned Complex Model Interoperability Problem Enabled by SysML/COBs/MRA 
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GIT Testbed: Tools and Models
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Excavator Modeling & Simulation Environment
GIT Testbed: Pattern View (Interoperability Panorama)
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GIT Testbed: Tools and Models
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Excavator Operational Domain
Top-Level Context Model
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Excavator Operational Domain
Top-Level Use Cases
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Excavator Test Case
Top-Level System Breakdown
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Excavator Dig Cycle
Activity Diagram
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GIT Testbed: Tools and Models
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Excavator Modeling & Simulation Environment
GIT Testbed: Pattern View (Interoperability Panorama)
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Cost Aspects

Behavior  Aspects

Excavator Analysis/Simulation Models
Problem Definition

Various

Topologies

Multi-Attribute 

Utility TheoryReliability Aspects

Stakeholder 

Concerns Integration of Concerns about System Aspects

Evaluation of 
Preferences

System 
Architectures

Analysis

Analysis

Analysis

Simulation

Simulation

Simulation

Multi-Body Dynamics,

Hydraulics, ...

[Paredis et al. 2007]
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LSMechanical 

Interface

Mechanical 

Interface

Mechanical 

Interface

Mechanical 

Interface

Engineering 

Schematic

Hydraulic Circuit Diagram
Pressure-Compensated, Load-Sensing Excavator—ISO 1219 notation
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Excavator Hydraulics Subsystem
Design Structure Models
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SysML Schematic (ibd) — Detailed View
Pressure-Compensated, Load-Sensing Excavator

ibd [Block] Simple Excavator [Hydraulic System Hxx]

: FD Pump

pn: AXD

MechJunction.s

FluidJunction.p

: Diesel Engine

pn: Cummins242

MechJunction.s

FluidJunction.c

: Vented Reservoir
pn: TNK-2

FluidJunction.t

FluidJunction.t

2B: Rubber Hose

pn: Hose1

FluidJunction

FluidJunction

FluidJunction.t

MechJunction.b
ElecJunction.a

: Heat Exchanger

pn: HXB-3

FluidJunction.c
FluidJunction.h

: Thermostatic Control 

Valve
pn: STAT3A

FluidJunction.2

FluidJunction.1

: Filter

pn: Fil1b5

FluidJunction.b

FluidJunction.a

Ref: Doc 

Exx

[Electrical 

System] 

: Pressure Relief Valve

FluidJunction.2
FluidJunction.1

Can use a 

specific name for 

usage in the 

schematic, if like 

parts exist
Vendor 

or In-

house 

PN

: Air Separator

pn: AS1
FluidJunction

A1: Check Valve

pn: CHK1

FluidJunction.1
FluidJunction.2

A1: Servo Valve 5/3

pn: sv1

FluidJunction.2

FluidJunction.5

FluidJunction.1FluidJunction.3

FluidJunction.4

A1: Actuator

pn: DBL21
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Excavator Case Study
Native Tool Models: Modelica
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GIT Testbed: Tools and Models
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Excavator Modeling & Simulation Environment
GIT Testbed: Pattern View (Interoperability Panorama)
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Use Case Drives Function
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Activity Diagram Describes Process Plan 

Assembly

Part Fab. Process (Realization of Part Fab.)
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Elaborating Process Plan

Fabricate

Output pin of  upper level
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Process Defined MBOM



Page 49

From EBOM to MBOM



Page 50

Allocating resources

Allocation

Allocation

Capacity plan 

required 

(Parametric Dia.)
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Relations between realization 
components

Allocation

M-BOM

Process Plan
Bill of 

Resource

Layout (FCAD)
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GIT Testbed: Tools and Models
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Factory & Manufacturing Process 
Modeling & Simulation Using SysML

SysML State Diagram

SysML Sequence 

Diagram XML Parser

Discrete Event Simulation

[McGinnis et al. 2007]
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Result

• Design-to-Manufacturing Integration

– Through the EBOM to MBOM transformation

• Design-to-Analysis Integration

– Product models to product simulation

– Factory model to factory simulation
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Implications for IE

• New paradigm for factory design and 
manufacturing planning

• New set of tools:  computer aided IE

• New set of opportunities for IE tool research 
and development



Questions/Comments?
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SysML-Related Efforts at 
Georgia Tech

• SysML Focus Area web page

– http://www.pslm.gatech.edu/topics/sysml/

– Includes links to publications, applications, 
projects, examples, etc.

• 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 ... )

http://www.pslm.gatech.edu/topics/sysml/
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