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Workflow for Model-Based Design
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Agenda

= What’s new in Simscape Family

= Building Dynamic model with Simscape
« Foundation library
« Simscape language
- Estimate Model Parameter Values

= Simscape Multibody

« Multibody introduction
« Import from CAD
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Agenda

= What’s new in Simscape Family

» Building Dynamic model with Simscape
o Foundation library
o Simscape language
o Estimate Model Parameter Values

» Simscape Multibody

o Multibody introduction
e Import from CAD
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New Simscape Family
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Simscape Electrical
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Simscape Electrical
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Support HDL code generation

Hardware-in-
the-Loop (HIL)

. Algorithm  Physical System

Error Voltage -—PW —

_l_

Convert to

' VHDL code

=

FPGA I/O Modules




Simscape on FPGA

Simscape

« Modelling of physical system within Simulink
(e.g. power electronics, electric motors,

‘—

sensors, actuators, ...)

« Simulate and test controller and plant
seamlessly including the physical system

Requirements
- Demanding sample time requirements

(<1us)

- Lowest latency

» Floating point support
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Simscape on FPGA

Simscape
model
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Physical Modeling

* Model matches structure of system

* Physical connections

* Equations handled automatically by
Simscape

* Generate C/VHDL code from Plant model
for HIL
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Simscape Foundation library

Electrical Mechanical Hydraulic Thermal

NERY.. 3% S

Thermal Two-Phase
Liquid Fluid

Puuu Wc%oﬂo
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304 0

Custom Domains (Simscape Language)
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W Mass

"ﬁ Sensor_Mass
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E-@ Spring

52

-200

Simscape
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Multi-domain modeling

Simscape

Electrical Drlvellne Mulhbody F|unds
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How to start Simscape “

= Use command >>ssc_new
= Use Predictive Quick Insert

P, hydraulic_eylinder * - Simulink — ] X
File Edit View Display Diagram Simulation Analysis Code Tools Help

A-=-@ RO E-RGOP » Ao ] [lem Y @\

hydraulic_cylinder

® |[Fal]hdraulic_cylinder hd
@
2
=
5 R,
B A .
._} L]
Flusts/Hycrauiics {Tsothermal)
Cylinder Friction
Double-Acting Hydraulic Cylindear
Double-Acting Hydraulic Cylinder (Simple)
Flusds/reydraufics (1sothermal )/ Hydrauic Cylinders
Double-Acting Rotary Actuator
Fluscs, draufics (Isothermal )/ Hydravic Cylinders
Single-Acting Hydraulic Cylinder
Fluicts/Hydravilcs {Tsothermal )/ Hydrauiic Cyiinde W
)
-
& |
Beady 175% VariablestepAuto
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Extending Simscape™ Models

Using Simulink® blocks Using Simscape language
Spring Spriﬂg
F = k*x F == k*x
* Physical variables * Physical variables specified
explicitly calculated using equivalence relationship
* Sensors and sources * Integrates seamlessly with
used to integrate with other Simscape blocks
Simscape blocks

© Terasoft, Inc.
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Simscape™ Language and Packages

Write component
file = 2 work
= 2 +MyComponents
¥l NonlinRotDamper.jpg
<] NonlinRotDamper.ssc
# Times2.ssc
package files % MyComponents_lib.mdl

Organize

|
|
|

E! Library: MyComponents_lib - | Ellil
File Edit Wiew Format Help
Si Si
[ Command Window imeeses imEesEs
o| R Ch [x|in out [»
Use blocks Jx >> ssc_build I Times2
Nonlinear Rotational Times 2
Damper

© Terasoft, Inc.



Ta
Example: Times2 Component

E C\class\work\+MyComponents\Times i - IEllil
W . File Edit Text Go Tools Debug Desktop Window Help
rite component N o
[ mp | AEL L LEY H B
flle 1 component Times?2
z % Times 2
= % This component ocutputs twice
4 % the wvalue of the input.
Organize | : _
. & inputs
package files 7 x = 0; %in
8 end
] outputs
10 v = 07 %out
11 end
Build package | e |
1z equations
14 y == 2%x: E!Lihrarv: MyCustomComponents_li ;|g|5|
15 end File Edit View Format Help
1 end
17 | -
Simscape
[ Use blocks | |Sim5:3pe model file X v
Times2
Times2

© Terasoft, Inc.
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Example: Times2 Component (Continued)

E Ch\class\work+MyComponents\ Times2.ssc - | I:Ilﬂ
File Edit Text Go Tools Debug Desktop Window Help
NcH|$RB2¢|o@-E- -]

B component Tines? 7 Declaration section

z § Times 2 L~

2 % This component cutputs twice . .

. % the value of the input. Defines ports, variables, and user
E .

- nputs interface

7 X =0; %in

] end

=1 outputa
10 v = 0; %out
11 end ° °
s / Equations section
13 equaticns /
14 v == 2*%¥X;
15 end Establishes the mathematical
18 end . o .
17 | relationship between variables,
= = T @i oE parameters, inputs and outputs

== is a equality operator,
not an assignment operator

© Terasoft, Inc.




Ta
Port Labels and Documentation

component timesTwo
$TimesTwoBlock
%
$This is a block for multiplying
%a physical signal by 2.

% 3] Block Parameters: TimesTwoBlock x|

$The equation is TimesTwoBlock
% This is a black for multiplying & physical signal by 2. The equation is
Fout = 2Z%in out = 2%

View source for TimesTwoBlock

inputs
x = 0; %in
end oK Cancel Help Apply
outputs
= 0; %out .
3 ¥ e Simscape
en
[x[in out [»
equations timesTwo
== o
B y =T v TimesTwoBlod
en

end

© Terasoft, Inc.



T
Component Model File Overview

inputs
outputs _ Defines block interface and
Declaration nodes variables
parameters
variables B
} Check parameters, set initial
setup ore
conditions
i } Defines physical equations to
equations . . .
be used during simulation.

© Terasoft, Inc.
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Example: Nonlinear Rotation Damper

0.03
002

0.01

Damping Torque (N.m)

-0.01 i D-w ‘dﬁ@im
| | | | | | | Torque:<

| | | I | | | | °
0020 SRR S IR e SRR Rt Shb R max
|
|
|
1

-0.03 1 1 1
-50 -40 -30 -20 -10 0 10 20 30 40 50
Angular Rate (rad/s)
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Declaration Section

Declaration
* Create nodes that reference physical domains
* Instantiate Through and Across variables and /or declare internal variables

* Specify tunable parameters, their default values and units

Nodes Two rotational nodes
D-o |0<a,, T, =0.03Nm
Torque = < () Parameters D =0.001 Nms/rad
Tmax ) ‘4 > Qim _
a+r @, =15rad/s
Variables Torque = through
@ = acCross
© Terasoft, Inc. *T1 is derived from @y, Dand T .
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Node Declarations

Electrical foundation.electrical.electrical
Hydraulic foundation.hydraulic.hydraulic
Magnetic foundation.magnetic.magnetic
Mechanical Rotational foundation.mechanical.rotational.rotational
Mechanical Translational foundation.mechanical.translational.translational
Pneumatic foundation.pneumatic.pneumatic
Thermal foundation.thermal.thermal

© Terasoft, Inc.



Parameters

D ={ 0.001, '(N*m)*s/rad'};

| Damping coefficent: I MN*m/f{rad/s)
M*m/(rad/s)

{ Max rate for linear damping: \ ft=bfi({rad/s)
<unit expression =

Peak damping torque: R

© Terasoft, Inc.
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Specifying Port Labels

Simscape

o| B b |

drag

Rotational Damper

e L

nodes
E = foundation.mechanical.rotational.rotational;
C = foundation.mechanical.rotational.rotational;
} end

© Terasoft, Inc.




Setup Section

Setup
* Perform intermediate calculations
* Ensure parameter validity

* Specify through and across variable relationships between components nodes

* Initialize system variables

([ D-w < a, * Specify through and across

variables between two nodes
Torque =+

* Ensure parameters are greater
than O.

© Terasoft, Inc.
A |
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Through and Across Variables

through(t, R.t, C.t)

Domain variables -I: R.t,R.w C.t,C.w
O n |
Must establish
relationship

Component variables -I: t,w

© Teraso ft, Inc.
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Across and Through Variables

Physical Domain Across Variable Through Variable

Electrical Voltage Current

Hydraulic Pressure Flow Rate

Magnetic Magnetomotive Force Flux

Mechanical Rotational Angular Velocity Torque

Mechanical Translational Translational Velocity Force

Pneumatic Pressure and Mass Flow Rate and
Temperature Heat Flow

Thermal Temperature Heat Flow

© Terasoft, Inc. 35
"~



‘ s /4
Equations Section

Equations

Establish the mathematical relationship between variables, parameters, inputs
and outputs

== IS @ symmetric operator, not an assignment operator

( equations
D ° (() ‘4 S Qim if abs(w) <= w_linRange
t D¥*wr;
TOI’que =< else
Tmax ’ ‘q > @jm t t max*w/ (abs (w)+(t max/D - w_linRange));
‘d + r end
) end

© Terasoft, Inc.
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Customize Block Icons

E! Library: customDamper_li - | Ellil
File Edit Wiew Format Help

= +customDamper
@ nonlinearDamper. png

E] nonlinearDamper ., ssc = el I.;

Monlinear damper

Supported image file formats: JPG, BMP, PNG

© Terasoft, Inc.
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Estimating Parameter workflow
= Test data 2 Measurement = Log Data

15
|
. |
U J |
. |
0 5 10 15 20 25 30

o pibidieatit Time
Current .E-:E::Ei
I———'-'—'_' 'K___

t tr Time

Voltage - Curre:n Relationship in Constant Gurrent Chopper Drive
Test Signal Log 1/O Data
(Ex. DC voltage) Measurement by sensor .
by file

(Ex. Motor current)

© Teraso ft, Inc. 39




Estimating Parameter workflow

nput

Voltage

Vee 1 M mm

Simulated Response AngleOut

HS-485 Motor

Angle
v
b R tl‘ Time _‘Measured Response
’ [ R T R T | .
Current o e
1F = AGAGAALALA - - - - - - Choose Test
»
Input
to ti Time
Voltage — Gurrent Relationship in Gonstant Current Chopper Drive || PARAMETERESTIMATION VALIDATION TERATION PLOT
0 d L s
=
e
b
oot imonsts. = 018 Estimateobarams
Erea e d e
H H s S
Import data to Simulink o = S
'SquareWave /’/
‘ 0.14 -
o ~ Results ]
model and estimate —
&) Estimation Progress Report ST X
:' Iteration| F-count Sinewave
parameter by = ==
-
4 45 T
o—
-
< il - il
= Iteration
0 e
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Agenda

= What’s new in Simscape Family

» Building Dynamic model with Simscape
o Foundation library
o Simscape language
o Estimate Model Parameter Values

= Simscape Multibody

o Multibody introduction
« Import from CAD
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Multibody Applications i Vot

File Explorer Simulation View Tools Desktop Window Help ¥ aXx
wWE (> s S| @FPT D T View conve

t i’,;- sm_stewart_platform
S eW a r a O r l I l -5 Stewart_Platform_System
% Inertial_Position_Sensor
&% Manipulator

gripper

- [5 world

% Base

°n° End_Effector

% Leg 1

= Leg 2

T Leg3

°g° Leg 4

% Legs

= Leg 6

ntion: 'Z up (XY Top) - ] »D 'j

= Platform positions gripper
to track reference trajectory

« Inverse kinematics module and S
controller defined in Simulink oty L

1 gripper

& 1< world

#-Connection Frames
-Connection Frames

&EE-E-E BB

<

AY

= Multibody helps you:

« Design controller
= Control-loop structure, gains

(:R@@Lm@‘ x — | |Time:0

[ ] Optimize System tact_pos
= Component sizes and T B e
. rce
actuator dynamics e SR
¢ vel P des vel
- R Ct_:-mroller
Inverse -
Kinematics Manipulator
Module
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Multibody Applications -

‘Me:hamcs&plmus Med\musﬁcpbm—muﬂmg_ inding_gear
Top v/ A RSEAGL| LS| e

File Explorer Simulation View Tools Dalﬁop Window Help

[ ]
| andmg Gear IR I e
E'-'Dgﬂ’ ar
-7 Housing
2% g_Links
B2
-2 Locking |

= Deploys and retracts
based on input signal

« Includes control system,
actuator dynamics

= Multibody helps you: =

Eile Edit View Simulation

- Determine and refine o
actuator requirements
- Test loading scenarios oot

» Test parameter variations

© Terasoft, Inc.
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How to use Simscape Multibody

m >>SMhew

Library will open and model will be created with

needed blocks.

; " P— W —— A —— [E‘_lg [ i ——
Py Library: sm_lib - Simulink ‘ - _ n =0 | #g untitled * S'WU[[‘M
File Edit View Display Diagram Analysis Help File Edit View Display Diagram Simulation Analysis Code Tools Help
e - = = R - EE _ - N -
-o-38 REE- Q- k-=-3 B-E-eg® P = - w @ -|& -
sm_lib untitled
[P sm_tib » ; [%a] untitlcd >
s N =] = s
/ — —»
@ Bady Elements urves and Surfaces Frames and Joints E Simulink-PS PS-Simulink Scope
ey Converter Converter
B | =
(&= I =
e — — fix)=0
0 1 - €] |[|=
enstraints s a orces and tilities Solver
Coupling: Torgu D Configuration
J g g //{23
- =
Warld Frame [l Rigid Transform
Irst Generation | I | Solid
(& e
Simscape Multibody
» [I Copyright 2011-2016 The MathWorks, Inc. » Mechanism Configuration
Ready 83% Ready 96% VariableStepAuto .
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Agenda

= What’s new in Simscape Family

» Building Dynamic model with Simscape
o Foundation library
o Simscape language
o Estimate Model Parameter Values

= Simscape Multibody

« Multibody introduction
o Import from CAD
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Robot design from CAD tool to Simscape Multibody

SolidWorks Model Simscape Multibody Model

Import models from Autodesk Inventor®, PTC® Creo™ , and SolidWorks

© Terasoft, Inc.
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Download smlink from Mathworks

4\ MathWorks:

Simscape Multibody

Overview  Features Model Examples Videos Webinars What's New  Product Pricing

Simscape Multibody Link

Simscape Multibody Link works with Simscape Multibody 3.0 and higher (MATLAB R2008b and higher).
Supported operating systems for your CAD platform are win32 and win64 except where noted below.

CAD Tool Releases Supported MATLAB Release
SolidWorks 2001Plus and higher R2008b and higher
Wildfire, Creo (formerly Pro/ENGINEER) WildFire 2.0 and higherj, Creo 1.0 and higher R2008b and higher

Autodesk Inventor 2009 and higher R2009a and higher

'PTC Wildfire 4.0 on win64 is not supported for MATLAB Release R2012b and higher

» https://www.mathworks.com/products/simmechanics/
download_smlink.htm|

© Terasoft, Inc.
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Install smlink to CAD tool and export xml file

from CAD tool

Fe Link Wi ep & :__ B - | @ searchsoits O -] P v = W 24
B ! = W & E I T

Desgn i 2 B & Check
Interference Clearance Hole  Measure  Mass Coction Sensor Assembly AssemblyXpert Curvature Symmetry | Compare A

i @
i SimubtionXpress FoXpress =
UY | perecton  Verfication Algnment PIOpeITiES Propertes Visualzation Check | Documents e
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Import xml file to Simulink

®3, Importing model: sm_robot E@u

Generating subsystem (11/13): secondfingerlink_2_R...
| |

= >>smimport(‘sm_robot.xml’)
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Multi-domain demo (Wind Turbine

= Simscape Electrical

= Simscape Driveline

= Simscape Multibody

4\ Mechanics Explorers - Mechanics Explorer-Wind_Turbine

‘Eile Explorer Simulation View Tools Window Help
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Co-Sim with 3" party software

= Co-Sim block : Provide by 3™ party tool
= Run 3" party tool by Simulink simulation kernel
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