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Simulation-Based Design

• Faster and less expensive design 
verification

• Immediate feedback for designers
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Simulation Requirements for 
Design Environment
• Easy to generate simulation models

– Facilitate model re-use, evolution of models
– Composition of models
– Integrated with design environment

• Multi-disciplinary
– Mechanical, electrical, hydraulic, signal, …

• Collaborative
– Design teams in different locations

• Accuracy, validation, …



Outline of Presentation

• Components and Composable Simulations
• Modeling Paradigms

– Port-based modeling
– System-Level models

• Integration with CAD
– Parameter extraction for component models
– Parameter extraction for interaction models

• Example – kinematics models



Design as
Decomposition & Composition

• Decompose function
• Compose form

• Mechatronic systems:
– Off-the-shelf components
– Assemblies
– Arbitrary rigid bodies
– …
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Component Objects:
Form + Behavior

• Compose systems
Form + Behavior

• System-level model:
– Component behavior
– Component interactions

Form
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Component
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Components and
Composable Simulation

3D CAD Modeling Behavior Modeling

Simulation and Design environment for Virtual prototyping



Model Evaluation

• XML rep. for 
component 
objects

• From XML to 
VHDL-AMS

• Commercial 
VHDL-AMS 
solver



Outline of Presentation

• Components and Composable Simulations
• Modeling Paradigms

– Port-based modeling
– System-Level models

• Integration with CAD
– Parameter extraction for component models
– Parameter extraction for interaction models

• Example – kinematics models



Port-Based Modeling

• Ports correspond to 
physical interfaces

• All interactions through 
ports

• Across and through
variable for each port

• Lumped interactions
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Port-Based Modeling

• Hierarchical

• Equation-based model

• Non-causal connections
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Mechatronic ComponentsMechatronic Components

Physical Objects

Screws, Motors, Pumps,
Pistons etc.

Interactions Between
Physical Objects

Joints, Springs, Dampers, 
Contact Resistances, 

Junctions etc.

Interactions Between
Physical Objects

Joints, Springs, Dampers, 
Contact Resistances, 

Junctions etc.

System-Level Models

Component Objects

Component Interactions



System-Level Models:
Component Objects

• Encapsulate both form 
and behavior

• Behavior is derived 
from form
– Procedural derivation
– Look-up tables

Form

Behavior

Component
Object



Physical
Object A

Physical
Object B

Interaction 
Model

Interaction 
Model

Mechanical Domain
(complex interaction)
Mechanical Domain
(complex interaction)

Joint Model, Gear Model, Friction.

Electrical Domain
(default interaction)
Electrical Domain
(default interaction)

BA acrossacross =
0throughi =∑

Component
A

Component
B

Node Component
A

Component
B

Interaction
Component

System-Level Models:
Component Interactions
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Outline of Presentation

• Components and Composable Simulations
• Modeling Paradigms

– Port-based modeling
– System-Level models

• Integration with CAD
– Extracting component parameters
– Extracting interaction parameters

• Example – kinematics models



Interleave Design and Modeling

Designer

3D CAD modeling

Component library

Behavior Modeling

Component editor



Extracting Component
Parameters

• Parametric CAD models and
Parametric behavioral models

• Relate behavioral parameters to CAD 
parameters

Component Model
Mass, Center of Gravity

Inertia Tensor ωωα IIM
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Extracting Component
Parameters
• Hydraulic tubing

• Family of DC-motors

Pipe diameter

Pipe shape

Pipe Model

Flow Resistance =
F(L, R1, R2, D, …)

R1

R2

D

L

MicroMo XYZ DC-Motor

Parameters = 
Lookup(XYZ)



Physical
Object A

Physical
Object B

Interaction 
Model
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Model

Mechanical Domain
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Extracting Interaction Models

• Extracting parameter values

• Extracting interaction type
– Revolute, prismatic, spherical, …
– Gear, rack&pinion, rolling, …

R2
R1 Gear Radii Gear Interaction

N=R2/R1



Example: Contact-Driven 
Kinematics Behavior 

Kinematics
Behavior
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Analysis of Surface 
Constraints
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Extracting Interaction Models 
for Lower Pairs

z
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{ Assembly
# List of parts forming the assembly
{ Part

{ Name cyl } { URL cyl.part }
{ Transform Identity }}

{ Part
{ Name sock }{ URL sock.part }
{ Transform Identity }}

# List of joints between parts
{ Joint Cylindrical

{ Name cyl_sock}
{ BasePart sock }
{ AttachedPart cyl } 
{ JointFeatures 

{ Axis cyl 0 0 0 0 0 1 1 0 0 }
{ Axis sock 0 0 0 0 0 1 1 0 0 }

}
{ Articulations { Theta 0 0 360 } 

{ X 0 -5 5 }}}
}
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Analysis of the motion matrix
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Summary:
Composable Simulation

• Form + Behavior = Component Objects

• Interleave Design and Behavioral 
Modeling

• Extract Model Data (and possibly type) 
from CAD


