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A brief questionaireA brief questionaire

NOYESIn manufacturing
we constantly benchmark our
capabilities 
we know exactly duration of each
assembly task and the associated
costs 
we have total quality control
we have established a continuous
improvement process
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A brief questionaireA brief questionaire

NOYESIn virtual prototyping
we constantly benchmark our
capabilities
we know exactly duration of each
modeling task and the associated
costs 
we have total quality control
we have established a continuous
improvement process

X

X

X

X



Virtual Prototyping has become
mainstream

Isn‘t it time that we apply tools for quality
control and constant improvement to the
Virtual Prototyping Process



Customers are asking for an objective 
way for benchmarking their Virtual
Prototyping Process:

„How do you rate our Virtual Prototyping
Process compared to industry leaders“



From Point Solutions to a 
Continuous Improvement Process

From Point Solutions to a 
Continuous Improvement Process

Virtual Prototyping
Maturity Model

Solution Guides

Point Solutions
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Capability Maturity Model (CMM)Capability Maturity Model (CMM)

De facto standard for 
Assessing, and 
improving software processes

Effective means for 
modeling, 
defining, and 
measuring the maturity 

of the processes used by software 
professionals. 
Developed by Carnegie Mellon - Software 
Engineering Institute



Capability Maturity ModelCapability Maturity Model

Reference: http://www.sei.cmu.edu/cmm/cmm.html



Capability Maturity Model Capability Maturity Model 

Level 1 (Initial)
The software process is characterized as 
ad hoc, and occasionally even chaotic. 
Few processes are defined, and success 
depends on individual effort and heroics. 

Level 5 (Optimizing)
Continuous process improvement is 
enabled by

quantitative feedback from the process and
from piloting innovative ideas and technologies.



Virtual Prototyping Maturity Model 
(VPMM)

Virtual Prototyping Maturity Model 
(VPMM)

CMM adopted to the Virtual Prototyping 
Process by MSC.Software 
Effective means for 

modeling, 
defining, and 
measuring the maturity of 

the processes used for virtual 
prototyping



VPMMVPMM

Trouble 
Shooting

Product 
Verification

Product 
Definition

Initial

Repeatable

Defined

Optimized

Managed



VPMM Components VPMM Components 

Supply
Chain

Concept
Innovation

Data
Sharing

Collaboration

Build

Test

Review

Improve

Design
Process

People &
Ideas

Tools &
Technology

Process
Metrics

Target
Setting

Test
Definition

Systems
Engineering



Level 1: InitialLevel 1: Initial

Product Troubleshooting
Few defined processes
Usage within specific departments
Analysts typical users
Data is scarce



Level 2: RepeatableLevel 2: Repeatable

Standardized Testing
Basic requirements are tracked
Usage across divisions
Analysts and test engineers typical
users
Data is planned



Level 3: DefinedLevel 3: Defined

Product Validation
Well documented
processes
Usage across the
enterprise
Analysts, designer and 
test engineers typical
users
Defined Data Process

Acti vity ID Activity Nam e Reso urce
ID s

Plann ed

Du ratio n
V3P  V3P VPM MV3P  V3P VPM M  Enhan cem en t PV3P  V3P VPM M  Enhan cem en t Pro j ect 65.0d

V3P.1   Curren t V3P.1  Curren t Capab i li ty An alysiV3P.1  Curren t Capab i li ty An alysis 15.0d
V3 P. 1 .1  Veh icV3 P. 1 . 1   Vehi cle Develop m ent ProV3 P. 1 . 1   Vehi cle Develop m ent Pro cesses 5.0d

A1000 Handling 1.0d
A1010 Ride 1.0d
A1020 Durability 1.0d
A1030 NVH 1.0d
A1040 Powertrain 1.0d

V3 P. 1 .2  CAE cV3 P. 1 . 2   CAE cap ab il itiesV3 P. 1 . 2   CAE cap ab il ities 5.0d
A1050 Handling 1.0d
A1060 Ride 1.0d
A1070 Durability 1.0d
A1080 NVH 1.0d
A1090 Powertrain 1.0d

V3 P. 1 .3  Com pV3 P. 1 . 3   Co m pu tin g  In f rastructu rV3 P. 1 . 3   Co m pu tin g  In f rastructu re 5.0d
A1100 Handling 1.0d
A1110 Ride 1.0d
A1120 Durability 1.0d
A1130 NVH 1.0d
A1140 Powertrain 1.0d

V3P.2   Ta rg et CV3P.2  Ta rg et Capabi l ity PlanningV3P.2  Ta rg et Capabi l ity Planning 15.0d
V3 P. 2 .1  Veh icV3 P. 2 . 1   Vehi cle Develop m ent ProV3 P. 2 . 1   Vehi cle Develop m ent Pro cesses 5.0d

A1150 Handling 1.0d
A1160 Ride 1.0d
A1170 Durability 1.0d
A1180 NVH 1.0d
A1190 Powertrain 1.0d

V3 P. 2 .2  CAE cV3 P. 2 . 2   CAE cap ab il itiesV3 P. 2 . 2   CAE cap ab il ities 5.0d
A1200 Handling 1.0d
A1210 Ride 1.0d
A1220 Durability 1.0d
A1230 NVH 1.0d
A1240 Powertrain 1.0d

V3 P. 2 .3  Com pV3 P. 2 . 3   Co m pu tin g  In f rastructu rV3 P. 2 . 3   Co m pu tin g  In f rastructu re 5.0d
A1250 Handling 1.0d
A1260 Ride 1.0d
A1270 Durability 1.0d
A1280 NVH 1.0d
A1290 Powertrain 1.0d

V3P.3   Busin essV3P.3  Business Case Developm enV3P.3  Business Case Developm ent 15.0d
V3 P. 3 .1  Veh icV3 P. 3 . 1   Vehi cle Develop m ent ProV3 P. 3 . 1   Vehi cle Develop m ent Pro cesses 5.0d

A1300 Handling 1.0d
A1310 Ride 1.0d
A1320 Durability 1.0d
A1330 NVH 1.0d
A1340 Powertrain 1.0d

V3 P. 3 .2  CAE cV3 P. 3 . 2   CAE cap ab il itiesV3 P. 3 . 2   CAE cap ab il ities 5.0d
A1350 Handling 1.0d
A1360 Ride 1.0d

1 2 3 4 5 6 7 8 9

Week

21-Apr-2003, V3P.1  Current Capability Analysis
07-Apr-2003, V3P.1.1  Vehicle Development Processes

01-Apr-2003Apr-2003
02-Apr-200302-Apr-2003

03-Apr-200303-Apr-2003
04-Apr-200304-Apr-2003

07-Apr-200307-Apr-2003
14-Apr-2003, V3P.1.2  CAE capabilities

08-Apr-200308-Apr-2003
09-Apr-200309-Apr-2003

10-Apr-200310-Apr-2003
11-Apr-200311-Apr-2003

14-Apr-200314-Apr-2003
21-Apr-2003, V3P.1.3  Computing Infrastructure

15-Apr-200315-Apr-2003
16-Apr-200316-Apr-2003

17-Apr-200317-Apr-2003
18-Apr-200318-Apr-2003

21-Apr-200321-Apr-2003
12-May-2003, V3P.2  Target Capability Planning

28-Apr-2003, V3P.2.1  Vehicle Development Processes
22-Apr-200322-Apr-2003

23-Apr-200323-Apr-2003
24-Apr-200324-Apr-2003

25-Apr-200325-Apr-2003
28-Apr-200328-Apr-2003

05-May-2003, V3P.2.2  CAE capabilities
29-Apr-200329-Apr-2003

30-Apr-200330-Apr-2003
01-May-200301-May-2003

02-May-200302-May-2003
05-May-200305-May-2003

12-May-2003, V3P.2.3  Computing Infrastructure
06-May-200306-May-2003

07-May-200307-May-2003
08-May-200308-May-2003

09-May-200309-May-2003
12-May-200312-May-2003

19-May-2003, V3P.3.1  Vehicle Dev
13-May-200313-May-2003

14-May-200314-May-2003
15-May-200315-May-2003

16-May-200316-May-2003
19-May-200319-May-2003

26-May-2003
20-May-200320-May-2003

21-May-200321-May-2003

e

, 



Level 3: DefinedLevel 3: Defined

Virtual Product Sign-Off

„If you have not established a Virtual
Product Sign-Off, you are not serious
about Virtual Prototyping“

Mike Racicot
General Motors



Level 4: ManagedLevel 4: Managed

Target Cascading
Process measured
and controlled
Usage across the 
enterprise and supply 
chain
Platform teams are typical
users
Standardized data methods

Design 
Synthesis

Design 
Validation

Targets

Con-
firmation



Level 4: ManagedLevel 4: Managed

Process metrics
Accuracy of predictions

Directional, relative, absolute

Duration to build model
Duration to test model
Duration to change model
Duration to re-test model



Level 5: Optimized Level 5: Optimized 

Product Definition
Continuous process
improvement
Global team
Platform and suppliers
Innovation-driven Insight



Virtual Prototyping Maturity ModelVirtual Prototyping Maturity Model

Initial

Level 1

Repeatable

Level 2

Defined

Level 3

Managed

Level 4

Optimized

Level 5

Product 
Troubleshooting

Departmental

Analysts

Data Scarce

Few defined 
processes

Standardized 
Testing

Divisional

Analysts, Test

Data Planned

Track basic 
requirements

Product 
Validation

Enterprise

Design, Anal, Test

Defined Data Process

Well documented 
processes

Target 
Cascading

Supply Chain

Platform Team

Standardized Data 
Methods

Process measured 
and controlled

Product 
Definition

Global Team

Platform, Supplier

Innovation-driven 
Insight 

Continuous process 
improvement
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VPMM AssessmentVPMM Assessment

1

2

3

4

5
VPMM 
Scale

Handling
Ride

NVH

Durability

Powertra
in

Industry Leader



Industry LeadersIndustry Leaders

Handling
Require set of full vehicle simulations for 
design sign-off
Perform robustness analysis and 
cascading at least in some areas

Ride
Have a standardized virtual test process
Require some ride simulations for design 
sign-off



Case Study: Magna SteyrCase Study: Magna Steyr

“Magna Steyr uses ADAMS/Car, due to its particular
advantages for solving tasks in the areas of:

• Elasto-kinematics and vehicle dynamics
• Cross-sectional forces as input data for 

subsequent fatigue life estimation
• NVH calculation”

-- Dr. Anton Riepl
Magna Steyr 

Business: Magna Steyr, Car assembly 
and engineering; powertrain 
components

Challenge: Different prototypes used 
for each development step

Solution: Modular, template-based 
ADAMS/Car results in
single virtual prototype

Value: Using single model results in 
cost- and time-savings



Case Study: International TruckCase Study: International Truck

Business: Worldwide service and parts for 
heavy- and medium-duty trucks

Challenge: Easily evaluate effect of 
configuration changes on ride 
quality

Solution: Using ADAMS/Car to establish 
a centralized modeling library 
for ride quality prediction of new 
trucks

Value: Identified efficient configuration 
changes to optimize ride

“We can efficiently model a variety of vehicle 
configurations, accurately simulating the ride 
dynamics and involving the design community 
in the analysis process.”

-- Dave Anderson 
Sr. Engineering Analyst



Case Study: BMWCase Study: BMW

Business:   BMW, Automotive 
manufacturer

Challenge:  Full vehicle assembly 
process takes too long 
time

Solution:  Customized system for 
process automation

Value:  5 day process reduced to 
less than 1 day



Case Study: VolkswagenCase Study: Volkswagen
Static  Tors ional S tiffnes sCourtesy of VW

Body in White Model from VW
- 3.712 CWELD Elements
- 3.562 connecting two parts
- 150 connecting three parts

Test Result
Old Spot Weld Modeling VW
New CWELD Element

Business:   Volkswagen, Automotive 
manufacturer

Challenge:  Point to point connection of parts
requires time-consuming re-meshing

Solution:  Enhance NASTRAN to automatically 
connect non congruent meshes

Value:  Overall process reduced by 30%



Case Study: Compute SystemsCase Study: Compute Systems

400% performance 
gain@ 1/3 the cost

“I recognized that Linux 
was the way to go… and 

that MSC.Software provided 
a stable, fully supported 

kernel.”
Michael Mills
Senior Technical Specialist
Boeing Space and Communications
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Industry TrendsIndustry Trends

Front-loading Analysis
More simulation within the CAD-system

Design Synthesis

Single Simulation Data Model



Front-loading AnalyisFront-loading Analyis

Toyota’s Front-Loaded 
Development Initiatives

1st

prototypes
2nd

prototypes
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0

100

Early ‘90s

~40%

~75%

Mid ‘90s

~50%

~90%Now
~80%

~95%

= Improved 
Communication

= Use of CAD

= Use of CAE

Stages of Development Process



Design SynthesisDesign Synthesis

Design 
Synthesis

Design 
Validation

Targets Confirmation



Crash

NVH

Powertrain

Durabiltiy

Ride

Handling

Results

Database

Crash

NVH

Powertrain

Durabiltiy

Ride

Handling

Vehicle 

Database

Results Database

Design

&

Development

Team

Model Database

Shared

Model

Building

Simulation

Data

Management

Single Source Model BuildingSingle Source Model Building



Automation VisionAutomation Vision

Overnight Build

Modeling Changes Automated Virtual Tests

Update 
vehicle 

database

Modeling Changes

Simulation
Reports

Nightly Builddaytime daytime
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Where are you on the VPMM scale?Where are you on the VPMM scale?

If you give a simulation job to 10 engineers in your company, 
how many different answers will you get?

Are Virtual Prototyping process metrics available and in use to 
measure and manage the process?  What is your process 
capability today?

Is your Virtual Prototyping time spend improving the design?

Are the Virtual Prototyping goals and the corporate goals closely 
linked?

Do warranty problems consistently reoccur on new product 
models?  Do you involve Virtual Prototyping early to avoid this in 
the future?



Deployment Approach Deployment Approach 

Current Capability
Analysis

Target Capability
Planning

Business 
Case

Development

Validation &
Follow-up

Implementation



VPMM DeploymentVPMM Deployment Current Capability
Analysis

Cascade VPMM metrics

Application

Organization

People

Data Status

Process Status

Initial

Level 1

Repeatable

Level 2

Defined

Level 3 1. Ratio of Virtual Sign off’s to Hardware Sign off’s

2. Number of Virtual Tests supporting sign off

3. Percent of active vehicle programs using Virtual 
sign off process

4. …



VPMM DeploymentVPMM Deployment Current Capability
Analysis

Survey to 
Measure metrics
Complete understanding of actual processes

Supply
Chain

Concept
Innovation

Data
Sharing

Collaboration

Build

Test

Review

Improve

Design
Process

People &
Ideas

Tools &
Technology

Process
Metrics

Target
Setting

Test
Definition

Systems
Engineering



VPMM DeploymentVPMM Deployment Current Capability
Analysis

Survey detailed metrics

0
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* Sample data



VPMM DeploymentVPMM Deployment Target Capability
Planning

Determine VPMM improvement opportunities

Application

Organization

People

Data Status

Process Status

Initial

Level 1

Repeatable

Level 2

Defined

Level 3 1. Ratio of Virtual Sign off’s of Hardware Sign Off’s

2. Number of Virtual Tests supporting sign off

3. Percent of active vehicle programs using Virtual 
sign off process

4. …

Create Virtual Sign off process
Develop Additional Virtual Tests

Distribute CAE tools, and train

Commonize Virtual Testing Tools



VPMM DeploymentVPMM Deployment Business 
Case

Development

Develop specific project plans to support VPMM 
improvements

Activity ID Activity Nam e Reso urce
ID s

Plann ed

Du ratio n
V3P  V3P VPM MV3P  V3P VPM M  Enhan cem en t PV3P  V3P VPM M  Enhan cem en t Pro j ect 65.0d

V3P.1   Cur ren t V3P.1   Cur ren t Capa bi li ty An alysiV3P.1   Cur ren t Capa bi li ty An alysis 15.0d
V3P.1 .1  Veh icV3P.1 .1   Vehicle Develop m ent ProV3P.1 .1   Vehicle Develop m ent Pro cesses 5.0d

A1000 Handling 1.0d
A1010 Ride 1.0d
A1020 Durability 1.0d
A1030 NVH 1.0d
A1040 Powertrain 1.0d

V3P.1 .2  CAE cV3P.1 .2   CAE cap ab il itiesV3P.1 .2   CAE cap ab il ities 5.0d
A1050 Handling 1.0d
A1060 Ride 1.0d
A1070 Durability 1.0d
A1080 NVH 1.0d
A1090 Powertrain 1.0d

V3P.1 .3  Com pV3P.1 .3   Com pu tin g  In f rastructu rV3P.1 .3   Com pu tin g  In f rastructu re 5.0d
A1100 Handling 1.0d
A1110 Ride 1.0d
A1120 Durability 1.0d
A1130 NVH 1.0d
A1140 Powertrain 1.0d

V3P.2   Target CV3P.2   Target Capab i l ity PlanningV3P.2   Target Capab i l ity Planning 15.0d
V3P.2 .1  Veh icV3P.2 .1   Vehicle Develop m ent ProV3P.2 .1   Vehicle Develop m ent Pro cesses 5.0d

A1150 Handling 1.0d
A1160 Ride 1.0d
A1170 Durability 1.0d
A1180 NVH 1.0d
A1190 Powertrain 1.0d

V3P.2 .2  CAE cV3P.2 .2   CAE cap ab il itiesV3P.2 .2   CAE cap ab il ities 5.0d
A1200 Handling 1.0d
A1210 Ride 1.0d
A1220 Durability 1.0d
A1230 NVH 1.0d
A1240 Powertrain 1.0d

V3P.2 .3  Com pV3P.2 .3   Com pu tin g  In f rastructu rV3P.2 .3   Com pu tin g  In f rastructu re 5.0d
A1250 Handling 1.0d
A1260 Ride 1.0d
A1270 Durability 1.0d
A1280 NVH 1.0d
A1290 Powertrain 1.0d

V3P.3   Busin essV3P.3   Business Ca se Developm enV3P.3   Business Ca se Developm ent 15.0d
V3P.3 .1  Veh icV3P.3 .1   Vehicle Develop m ent ProV3P.3 .1   Vehicle Develop m ent Pro cesses 5.0d

A1300 Handling 1.0d
A1310 Ride 1.0d
A1320 Durability 1.0d
A1330 NVH 1.0d
A1340 Powertrain 1.0d

V3P.3 .2  CAE cV3P.3 .2   CAE cap ab il itiesV3P.3 .2   CAE cap ab il ities 5.0d
A1350 Handling 1.0d
A1360 Ride 1.0d

1 2 3 4 5 6 7 8 9

Week

21-Apr-2003, V3P.1  Current Capability Analysis
07-Apr-2003, V3P.1.1  Vehicle Development Processes

01-Apr-2003Apr-2003
02-Apr-200302-Apr-2003

03-Apr-200303-Apr-2003
04-Apr-200304-Apr-2003

07-Apr-200307-Apr-2003
14-Apr-2003, V3P.1.2  CAE capabilities

08-Apr-200308-Apr-2003
09-Apr-200309-Apr-2003

10-Apr-200310-Apr-2003
11-Apr-200311-Apr-2003

14-Apr-200314-Apr-2003
21-Apr-2003, V3P.1.3  Computing Infrastructure

15-Apr-200315-Apr-2003
16-Apr-200316-Apr-2003

17-Apr-200317-Apr-2003
18-Apr-200318-Apr-2003

21-Apr-200321-Apr-2003
12-May-2003, V3P.2  Target Capability Planning

28-Apr-2003, V3P.2.1  Vehicle Development Processes
22-Apr-200322-Apr-2003

23-Apr-200323-Apr-2003
24-Apr-200324-Apr-2003

25-Apr-200325-Apr-2003
28-Apr-200328-Apr-2003

05-May-2003, V3P.2.2  CAE capabilities
29-Apr-200329-Apr-2003

30-Apr-200330-Apr-2003
01-May-200301-May-2003

02-May-200302-May-2003
05-May-200305-May-2003

12-May-2003, V3P.2.3  Computing Infrastructure
06-May-200306-May-2003

07-May-200307-May-2003
08-May-200308-May-2003

09-May-200309-May-2003
12-May-200312-May-2003

19-May-2003, V3P.3.1  Vehicle Deve
13-May-200313-May-2003

14-May-200314-May-2003
15-May-200315-May-2003

16-May-200316-May-2003
19-May-200319-May-2003

26-May-2003, 
20-May-200320-May-2003

21-May-200321-May-2003

Acti vity ID Activity Nam e Reso urce
ID s

Plann ed

Du rat io n
V3 P  V3 P VPM MV3 P  V3 P VPM M  En h an cem en t PV3 P  V3 P VPM M  En h an cem en t Pro j ect 65.0d

V3P.1   Cur ren t V3P.1   Cur ren t Capa b i li ty An alysiV3P.1   Cur ren t Capa b i li ty An alysis 15.0d
V3 P.1 .1   Veh icV3 P. 1 . 1   Veh i cle  De velop m ent ProV3 P. 1 . 1   Veh i cle  De velop m ent Pro ce sses 5.0d

A1000 Handling 1.0d

A1010 Ride 1.0d
A1020 Durability 1.0d
A1030 NVH 1.0d
A1040 Powertrain 1.0d

V3 P.1 .2   CAE cV3 P. 1 . 2   CAE cap ab il it iesV3 P. 1 . 2   CAE cap ab il it ies 5.0d

A1050 Handling 1.0d
A1060 Ride 1.0d
A1070 Durability 1.0d
A1080 NVH 1.0d
A1090 Powertrain 1.0d

V3 P.1 .3   Co m pV3 P. 1 . 3   Co m pu tin g  In f ra structu rV3 P. 1 . 3   Co m pu tin g  In f ra structu re 5.0d

A1100 Handling 1.0d
A1110 Ride 1.0d
A1120 Durability 1.0d
A1130 NVH 1.0d
A1140 Powertrain 1.0d

V3P.2   Ta rg e t CV3P.2   Ta rg e t Cap a b i l ity Plann ingV3P.2   Ta rg e t Cap a b i l ity Plann ing 15.0d
V3 P.2 .1   Veh icV3 P. 2 . 1   Veh i cle  De velop m ent ProV3 P. 2 . 1   Veh i cle  De velop m ent Pro ce sses 5.0d

A1150 Handling 1.0d
A1160 Ride 1.0d
A1170 Durability 1.0d
A1180 NVH 1.0d
A1190 Powertrain 1.0d

V3 P.2 .2   CAE cV3 P. 2 . 2   CAE cap ab il it iesV3 P. 2 . 2   CAE cap ab il it ies 5.0d
A1200 Handling 1.0d

A1210 Ride 1.0d
A1220 Durability 1.0d
A1230 NVH 1.0d
A1240 Powertrain 1.0d

V3 P.2 .3   Co m pV3 P. 2 . 3   Co m pu tin g  In f ra structu rV3 P. 2 . 3   Co m pu tin g  In f ra structu re 5.0d

A1250 Handling 1.0d
A1260 Ride 1.0d

A1270 Durability 1.0d
A1280 NVH 1.0d
A1290 Powertrain 1.0d

V3P.3   Bu sin es sV3P.3   Bu siness Ca se  D evelop m enV3P.3   Bu siness Ca se  D evelop m ent 15.0d
V3 P.3 .1   Veh icV3 P. 3 . 1   Veh i cle  De velop m ent ProV3 P. 3 . 1   Veh i cle  De velop m ent Pro ce sses 5.0d

A1300 Handling 1.0d
A1310 Ride 1.0d

A1320 Durability 1.0d
A1330 NVH 1.0d
A1340 Powertrain 1.0d

V3 P.3 .2   CAE cV3 P. 3 . 2   CAE cap ab il it iesV3 P. 3 . 2   CAE cap ab il it ies 5.0d

A1350 Handling 1.0d
A1360 Ride 1.0d

1 2 3 4 5 6 7 8 9

Week

21-Apr-2003, V3P.1  Current Capability Analysis
07-Apr-2003, V3P.1.1  Vehicle Development Processes

01-Apr-2003Apr-2003
02-Apr-200302-Apr-2003

03-Apr-200303-Apr-2003
04-Apr-200304-Apr-2003

07-Apr-200307-Apr-2003
14-Apr-2003, V3P.1.2  CAE capabilities

08-Apr-200308-Apr-2003
09-Apr-200309-Apr-2003

10-Apr-200310-Apr-2003
11-Apr-200311-Apr-2003

14-Apr-200314-Apr-2003
21-Apr-2003, V3P.1.3  Computing Infrastructure

15-Apr-200315-Apr-2003
16-Apr-200316-Apr-2003

17-Apr-200317-Apr-2003
18-Apr-200318-Apr-2003

21-Apr-200321-Apr-2003
12-May-2003, V3P.2  Target Capability Planning

28-Apr-2003, V3P.2.1  Vehicle Development Processes
22-Apr-200322-Apr-2003
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