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Simulation-Based Design

y sical Prototyplng Rapid Prototyping Virtual Prototyping

e Faster and less expensive design
verification

 Immediate feedback for designers
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Simulation Requirements for
Design Environment

e Easy to generate simulation models
— Facilitate model re-use, evolution of models
— Composition of models
— Integrated with design environment
o Multi-disciplinary
— Mechanical, electrical, hydraulic, signal, ...

e Collaborative
— Design teams In different locations

e Accuracy, validation, ...
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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
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Design as
Decomposition & Composition

 Decompose function

Synthesis deling &
« Compose form ﬁ zAnaIysis

e Mechatronic systems: :
Behavior
— Off-the-shelf components
— Assemblies
— Arbitrary rigid bodies valuatio
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Component Objects:
Form + Behavior

Component
Object

Form + Behavior

Compose systems Synthesisl

R

System-level model. w
— Component behavior
— Component interactions valuatio
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Components and

Composable Simulation

Simulation and Design environment for Virtual prototyping
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Model Evaluation

ADVance M5 vi.1_ 1.7 source — digital_control.vhd

| File Library Wi Run File Edit

wh of components:
b of medes: 12

nb of MOS or BIP calls
Number of steps computed

a pvm_signal <= xv;
. 45172 end process pwm_gen
end discrete_suPWE,

4+ —— sinulation finished at time 4,999, 999,999,980 ps
Wb of transactions 300027
l I l e I I ——— ¥b of events 210017 SEEHIEEEENEE discrete_noPWM of controler is
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signal start : sEd_logic := °0’; -- start convertion signal
quantity uout across ipwm through u to ref; - The analog PV
quantity queasured across gn to ref;
quantity qdesired across gqd to ref;
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Outline of Presentation

 Modeling Paradigms
— Port-based modeling
— System-Level models
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Port-Based Modeling

e Ports correspond to INTERFACE
physical interfaces S

» All interactions through @ connector A stator O
ports

e Across and through { Connector® roere

variable for each port

) i @ Electrical Port
e Lumped interactions

(O Mechanical Port

Carnegie Mellon m



Port-Based Modeling

 Hierarchical

e Equation-based model

e Non-causal connections

@ Electrical Port
(O Mechanical Port
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System-Level Models

Mechatronic Components

| nter actions Between
Physical Objects

Joints, Springs, Dampers,
Contact Resistances,
Junctions etc.

Component Objects
Component Interactions
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System-Level Models:

Component Objects

Encapsulate both form
and behavior

Behavior is derived
from form

— Procedural derivation
— Look-up tables
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System-Level Models:
Component Interactions

Interaction
Model

~
-~
~
-~
- ~
- -~
- -~
- -~
- -~
- -~
- -~
- -~
- -~
- -~
- -~
- -~
- -~
- -~

/ Mechanical Domain
(complex interaction)

Component Interaction Component
A Component B

/Electrical Domain
(default interaction)

Component [ Node [ Component
A B

across, = across,
Zthrough =0

Joint Model, Gear Model, Friction.
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System-Level Models

e COMponent Models
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Component Interactions
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Outline of Presentation

* Integration with CAD
— Extracting component parameters

— Extracting interaction parameters
« Example — kinematics models
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Interleave Design and Modeling

Component library Component editor
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Extracting Component
Parameters

e Parametric CAD models and
Parametric behavioral models

* Relate behavioral parameters to CAD
parameters

— Component Model

T I Mass, Center of Gravity

. ZF:mX O

- Inertia Tensor z M=lag+wx|w
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Extracting Component
Parameters

e Hydraulic tubing

\ kit Pipe diameter Pipe Model
/ >
5 R2 _ T Flow Resistance = 7
gp  Pipeshape F(L, R1,R2, D, ...
 Family of DC-motors

[l MicroMo XYz~ &  DC-Motor

< > o Parameters =

Lookup(XYZ)
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Component Interactions

Interaction

Model

/Electrical Domain
(default interaction)

Component [ Node [ Component
A B

across, = across,
Zthrough =0
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/ Mechanical Domain
(complex interaction)

Component Interaction
A Componen

Component
t B

Joint Model, Gear Model, Friction.




Extracting Interaction Models

e Extracting parameter values

%2 e
> C

)

Gear Interaction

N=R2/R1

C

o Extracting interaction type
— Revolute, prismatic, spherical, ...

— Gear, rack&pinion, rolling, ...
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Example: Contact-Driven
Kinematics Behavior

Lower-Pair Contacts

= =

i

Surface straints

-0
=8

]

|
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Kinematics
Behavior

Input Motion-Output
Motion Constraints
(Gear ratios)

!

Other Contacts (Gears etc.)




Analysis of Surface
Constraints

Motion between 2 parts
can cause
sliding or separation

i

Generalized velocity vector
must have component
in direction of
surface normal vector

l

(V+@&XT)sfi=0

e =
2 =
A
_——
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Extracting Interaction Models
for Lower Pairs

Two views of a 2 part assembly
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Partial cylindrical
contact with 8 points
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Analysis of the motion matrix

o o o O
- O O o O

Matrix Representation of Allowed Motions
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Contact-preserving Motions
(nullspace basis)
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Summary:
Composable Simulation

 Form + Behavior = Component Objects

* Interleave Design and Behavioral
Modeling

 Extract Model Data (and possibly type)
from CAD
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