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Uvod

V tomto tutoriale stru¢ne opiSem zdkladné bloky prostredia SimMechanics, ktoré je integrované
v MATLAB/Simulink. SimMechanics umozniuje modelovat systémy na zaklade ich kinematickej
Struktury. Jeho vyhodou je Ze z vysledného modelu automaticky zostavi pohybové rovnice
a vytvorivizualizaciu dynamiky modelu. Pretoze je stucastou Simulinku umozriuje to na vysledny
model navrhovat a testovat rozne riadiace Struktury. V druhej kapitole opisujem kroky, ktoré je

nutné vykonat pri modelovanijednoduchého kyvadla.
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1. Modelovanie v MATLAB SimMechanics

V hlavhom okne MATLABU je potrebné zadat prikaz simulink, ktory spusti rozSirenie MATLABU
Simulink. V Simulinku vytvorime novy model kliknutim na File = New — Model, alebo pouzitim
kldvesovej skratky Ctrl+N. Z kniZnic Simulinku otvorime Simscape — SimMechanics — Second
Generation ako je vidiet na Obr. 1. V tejto kniZnici sa nachadzaju podkiznice Body Elements,

Constrains, Forces and Torques, Frames and Transforms, Gears and Couplings, Joints a Utilities.

g = ™

File Edit View Help

F 3 » | Enter search term - &

Libraries Library: Simscape/SimMechanics/Second Generation Search 4 4k
#,| Robuet Control Toolbos: -

fs SimEvents Ii' Body Elements E Constraints

f SimRF

4 [Py Simscape
Forces and , Frames and

Foundation Library Torques Transforms

SimDriveling

SimElectronics Gears and
Joints
SimHydraulics 3 Couplings o

SimMechanics

&> First Generation IE' Uilities
a
Body Elements
Constraints
Forces and Torgues
Frames and Transforms
4 Gears and Couplings
Gears
Joints
Utilities
[» H SimPowerSystems
Utilities

e

k& % 7

m

Showing: Simscapel/SimMechanice/Second Generation

Obr. 1Vyber SimMechanics z kniznic Simulinku

V Body Elements su tri bloky. Prvym je Graphic pomocou ktorého méZzeme definovat tvar a farbu
telesa. Druhym blokom je Inertia, ktorym definujeme hmotnost a zotrvac¢nost telesa ako aj

umiestnenie hmotného bodu. Treti blok Solid zahrriuje funkcionalitu blokov Graphic a Inertia.
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(&1 solid : Solid A E=REERT)

Description

Represents a solid combining a geometry, an inertia and mass, and a
graphics component into a single unit. A solid is the common building
blodk of rigid bodies. The Solid block obtains the inertia from the
geometry and density, from the geometry and mass, ar from an
inertia tensor that you spedfy.

In the expandible nodes under Properties, select the types of
geometry, inertia, and graphic features that you want and their
parameterizations.

Port R is @ frame port that represents a reference frame assodated
with the geometry.

Properties

B Geometry
Shape Brick
Dimensions [111]

Type Calculate from Geometry -
Based on Density -
Density 1000 kg/(m*"3] -

= Graphic L

Type From Geometry

[= Visual Properties | Simple

s LI L O L

-

Apply

Obr. 2 Moznosti bloku Solid

Ako mozZnovidiet naobrazku Obr. 2 v ¢asti Geometry méZeme vybrattvarz rozbalovacieho menu
Shape. Vybrat mdzeme valec, kde definujeme jeho polomer adizku - Cylinder, gulu, kde
definujeme polomer - Sphere, kvader, kde definuejme jeho $irku, dizku a vysku - Brick, elipsoid,
kde definujeme jeho rozmery v troch osiach - Ellipsoid, extrudovany pravidelny mnohouholnik,
kde zaddvame pocet stran, priemera dizku - Regular Extrusion , extrudovany mnohouholnik, kde
definujeme stradnice vrcholov podstavy a dizku extrudovania - General Extrusion, rotacné teleso,
kde definujeme suradnice vrcholov rovinného telesa a uhol o ktory je rovinny Utvar zrotovany

okolo osi - Revolution a moznost naditat tvar zo suboru - From File.

V Casti Inertia sa definuje hmotnost a zotrvacnost telesa. Prvou moznostou je Calculate from
Geometry, ktora moze byt zaloZzenanazadanej hmotnosti Based on Mass, kde zadame hmotnost
telesa a program vypocita zotrvacnost telesa, alebo moze poditat zotrvacnost telesa na zaklade
zadanej hustoty telesa—Based on Density. Dalou moZnostou je definovanie pomocou hmotného
bodu — Point Mass, kde zaddame hmotnost telesa a program sam urci polohu hmotného bodu na

zaklade geometrickych rozmerov telesa. Poslednou moznostou je vlastné definovanie — Custom,
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pomocou ktorého sami nastavime hmotnost telesa, polohu hmotného bodu, moment

zotrvacnosti v troch osiach.

V Casti Graphic vyberieme spOsob zobrazenia telesa podla geometrickych rozmerov — From
Geometry, ako znazornenie hmotného bodu — Marker, alebo bez zobrazenia - None. Dalsie

moznosti su pre nastavenie farby, priehladnosti a dalSich vizudlnych efektov.

V podkniznici Constraints su bloky Angle Constraint, ktorym mézeme uréit uhol medzi z-osami

dvoch telies a Distance Constraint, ktorym mdZeme zadat vzdialenost medzi dvoma telesami.

Forces and Torques zahtia bloky External Force and Torque, tento blok p6sobinateleso externou
siloualebomomentom, Internal Force, Spring and Damper Force, ktory predstavuje silu pruziny

atlmenia a Inverse square Law Force.

K Frames and Transforms patria Styri bloky. Blok Rigid Transform definuje fixnd vazbu medzi
dvoma telesami. Pomocou tohto bloku méZzeme vytvorit rotaciu, alebo translacny posun. Pri
rotdcii su na vybertri metddy. Prvou je metdda Aligned Axes, kde definujeme dva pary osi medzi
dvoma telesami medzi ktorymi chceme vykonat rotaciu. Dalsou metédou je Standard Axis, kde
ur¢ime smer osi okolo ktorej sa uskutocni rotacia a uhol rotécie. Poslednou moznostou je

Arbitrary Axis, kde definujeme velkost uhla a osi okolo ktorych ma byt vykonané rotécia.

Pritranslaénom posune mame taktiez k dispozicii tri metédy. Prvou je Cartesian, kde definujeme
posunutie vsmere kazdej osi. dalSou metédou je Standard Axis, kde vyberieme smer jednej osi
azadame velkost posunutia v ramci tohto smeru. Poslednou metddou je Cylindrical, kde

zaddvame polomer, uhol a odsadenie v smere osi Z.

Velmi dolezitym blokom ztejto podkniznice je World Frame, ktorym definujeme pevnu

referenént polohu. Tento blok sa musi nachadzat v kazdej zapojenej schéme. Pomocou bloku

Reference Frame mdzeme urcit pomocnu referenciu.

V Gears and Couplings sa nachddzaju bloky ozubenych kolies.




FEI KKUI

Library: Simscape/SimMechanics/Second Generation/loints | Search Results: (none) | Freguenthy Used |

8-DOF Joint Bearing Joint B E[ H Bushing Joint

o ;ﬂl‘ 1 Cartesian Joint i E# +  Cylindrical Joint 5 o | Gimbal Joint

Al } 41 Pin Slot Joint ) ips }_ 4 Planar Joint B a‘zF | Prismatic Joint
¥ ] i r
mla_ &l RE_dEHEUIEr flz LBl Revolute Joint Bl | Spherical Joint
[ Joint  l

1 i Telescoping : =\;<_<; i
F_ Joint £ %]

A

Universal Joint ‘Weld Joint

Obr. 3 Typy vazieb

Ako mozeme vidiet na Obr. 3 v podkniznici Joints sa nachadza 15 blokov kibov. Pri modelovani

jednoduchsi modelov ndm postaci posuvna vazba Prismatic Joint a rotacna vazba Revolute Joint.

Pri blokoch vazieb — Joints ur€ujeme nastavenia v Styroch celkoch, ktoré su zobrazené Obr. 4
Nastavenia bloku Prismatic. Prvym celkom je nastavenie pociatoénych hodnot — State Targets .
MbZzeme definovat pociatoéné hodnoty pozicie a rychlosti a urcit prioritu tychto hodnét. Druhym
celkom je Internal Mechanics v ktorom zaddvame rovnovaznu polohu kiba Equilibrium Position ,
tuhost pruziny Spring Stiffness akoeficient timenia Damping Coefficient. Tretim celkom je
nastavenie posobenia sily na kib — Actuation. Sila ktora pdsobi na kib moze byt privadzana zo
vstupu — Provided by Input, automaticky vypocitana — Automatically Computed, alebo Ziadna —
None. Pohyb ktory vyvold pdsobiaca sila mbze byt vypocitany automaticky — Automatically
Computed, alebo definovany vstupom - Provided by Input. Poslednym celkom Sensing sa urcuje i
pozadujeme sledovanie fyzikdlnych veli¢in v kibe ako je poloha, rychlost, zrychlenie a pdsobiaca
sila. Na privedenie sily pomocou vstupu je potrebne pouzit blok Simulink-PS Converter , ktory
umozfiuje privadzatinformacie zo Simulinku do Simmechanics. Naopak pre zobrazenie priebehu
fyzikalnej veli¢iny kibu pomocou bloku Scope je potrebné pouzit blok PS-Simulink Converter, ktory

sa nachdadza v kniznici Simscape — Utilities.

Poslednou podkniznicou Simscape — SimMechanics — Second Generation je Utilities v ktorej sa

nachdadza blok Mechanism Configuration, ktorym definujeme gravitaéné pésobenie Zeme.

Pri blokoch Transforms aloints je délezité spravne pripojenie telies. Pismeno B oznacuje
napojenie na vztazné teleso —Base a pismeno F oznacuje napojenie na teleso, ktoré sa vztahuje

navztazné teleso —Follower Frames.
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Y8 Prromatac hint:Pﬁm-Lglﬂu

Description

Represents a prismatic joint between two frames. This joint has one
translational degree of freedom represented by one prismatic primitive. The
joint constrains the follower origin to translate along the base z-axis, while the
base and follower axes remain aligned.

In the expandible nodes under Properties, spedfy the state, actuation method,
sensing capabilities, and internal mechanics of the primitives of this joint. After
you apply these settings, the blodk displays the corresponding physical signal
poarts.

Ports B and F are frame ports that represent the base and follower frames,
respectively. The joint direction is defined by motion of the follower frame
relative to the base frame.

Properties

I=I State Targets
Specify Position Target
Specify Velocity Target
=l Internal Mechanics
Equilibrium Position

Spring Stiffness

Darnping Coefficient
= Actuation

Force Mone

Motion Automatically Computed
=l Sensing
Position [F

=1

-

Cancel| [Help| [Apply|

Obr. 4 Nastavenia bloku Prismatic

10
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2. Modelovanie jednoduchého kyvadla

Prvym krokom po vytvoreni nového modelu je vloZenie troch zdkladnych blokov bez ktorych by
nebolo mozZné spustit simulaciu. Su to bloky na Obr. 5. Solver Configuration, ktory sa nachadza v
Simscape — Utilities a definuje parametre potrebné pre vypocet. Blok World Frame, ktory
predstavuje pevnu referenciu a blok Mechanism Configuration v ktorom sa definuje gravitacné
zrychlenie vtvare [0 0-9.80665]. Bloky m6Zzeme otocit o 90 stuptiov v smere hodinovych rudiciek
ak klikneme favym tlac¢idlom mysi na blok a pouzijeme klavesovd kombinaciu Ctrl+R

a v protismere hodinovych ruci¢iek skratkou Ctrl+Shift+R. Bloky navzdjom prepojime.

Obr. 5 Prvy krok pri modelovani mechanickych systémov

&) Solid : Zakladna A o] |

Description

Represents a solid combining a geometry, an inertia and mass, and
a graphics component into a single unit. A solid is the common
building block of rigid bodies. The Solid block obtains the inertia from

the geometry and density, from the geometry and mass, or from
=0 an inertia tensor that you specify.

Solver
Configuration In the expandible nodes under Properties, select the types of
geometry, inertia, and graphic features that you want and their
B parameterizations.
Js s A
mr j_ Pgrt Ris a frame port that represents a reference frame associated
Wald Frame Rigd with the geometry.
Transform Properties
@ = Geometry
_\kg E Shape
Mechanism Dimensions
Configur ation

Type From Geometry

[=] Visual Properties |Simple
Color [0.70.70]
Opacity 1.0

Apply

Obr. 6 Vytvorenie zdkladne

11
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Blok transformdcie Rigid Transform zabezpecuje rotaciu celej sustavy. V nastaveniach rotacie

vyberieme metddu Standard Axis zvolime smer osi +X a 90 stupriov.

Dalej vlozime blok Solid. Dvojklikom si otvorime nastavenia parametrov. Tvar ponechame Brick,
jednotky rozmeru prepneme nacma dizky strany definujeme ako [555]. V nastaveniach grafiky
definujemefarbu napriklad ako [0.7 0.7 0]. S World Frame spojime blok Rigid Transform ak nemu

pripojime blok Solid, ktory bude predstavovat zékladriu s pevnou polohou.

Nasledne vytvorime rameno pre ktoré budeme potrebovat bloky Solid a dvakrat blok Rigid
Transform.Nablok Rigid Transfrom, ktory sa nachadza na lavej strane od Ramenaklikneme lavym
tla¢idlom mysi a stlaéime kldvesovu kombindciu Ctrl+l. Tato klavesova kombinacia vykona
obratenie bloku okolo zvislej osi. Spojime vystupy blokov Rigid Transform, ktoré s oznacené B
s blokom Ramena. B je z Base, Cize tento vystup definuje vztazny bod od ktorého sa vykona

transformacia. Blok nalavo od ramena oznacdime La blok napravo od ramena oznacime P.

j_/f{ilﬂ + :

Baj

L F

ﬂ

Obr. 7 Bloky pre rameno

Rameno

127 Rigid Transform : L A EI&IQ {7 Solid : Rameno | HIEIEE

s ~
17 Rigid Transform: P |ﬂl

Drescription

Defines a fixed 3-D rigid transformation between two frames.
Two compenents independently specify the translational and
rotational parts of the transformation. Different translations

and rotations can be freely combined.

In the expandible nodes under Properties, choose the type
and parameters of the two transformation compaonents.

Ports B and F are frame ports that represent the base and
follower frames, respectively. The transformation represents
the follower frame origin and axis orientation in the base
frame.

Properties

= Rotation

= Translation
Standard Axis

-X

D/2

Description

Represents a solid combining a geometry, an inertia and mass,
and a graphics compenentinto a single unit. A solid is the common
building block of rigid bodies. The Solid blodk obtains the inertia
from the geometry and density, from the geometry and mass, or
from an inertia tensor that you specify.

In the expandible nodes under Properties, select the types of
geometry, inertia, and graphic features that you want and their
parameterizations.

Port R is a frame port that represents a reference frame
associated with the geometry.

Properties
Shape Brick -
Dimensicns [D5V] cm -
Type Calculate from Geometry -
Based on Density -
Density rho keg/ ("3}
Type From Geometry -
[=I Visual Properties |Simple -
Color 10.00.206] | |
Opacity 10

Obr. 8 Parametre blokov ramena

Description

Defines a fixed 3-D rigid transformation between two frames.
Two compenents independently specify the translational and
rotational parts of the transformation. Different translations and
rotations can be freely combined.

In the expandible nodes under Properties, choose the type and
parameters of the two transformation components.

Ports B and F are frame ports that represent the base and
follower frames, respectively. The transformation represents the
follower frame erigin and axis crientation in the base frame.

Properties
= Rotation
Method
B Translation
Method Standard Axis -
Mxis +X -
Offset Dy2 |cm -

Apply

12
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Rozmery ramena zadame ako premenné [D S V] kde D - di?ka S - $irka aV —vyska. Hustotu
definujeme ako premennu rho afarbu napriklad [ 0 0.2 0.6]. Blok Rigid Transform L definuje
translacné posunie v smere osi —X o vzdialenost D/2 v [cm]. Blok Rigid Transform P definuje

translacné posunie v smere osi X o vzdialenost D/2 v [cm] ako m6Zeme vidiet na Obr. 8.

Myskou si oznacime tieto bloky a pouzijem kldvesovli kombinaciu Ctrl+G ¢&m vytvorime
subsystém. Subsysté mu pridame masku kliknutim nar a stlacenim kombindcie Ctrl+M. V maske sa
prepneme na zalozku Parameters & Dialog a uvedieme vSetky premenné ktoré v subsystéme

pouzivame. Subsystém pomenujeme ako rameno.

F B

Icon & Ports| Parameters & Dialog | Initialization | Documentation|

Controls Dialog box Property editor
Parameter Type Prompt Mame = Properties o
=2 o< MaskType> DescGroupVa Name 0
A Fa< MaskDescription> DescTextVar Value 0
SR Parameters ParameterGrol Prompt  Dizka [cm]
ED#  Sirka[cm] 3 Sl
#3 Vyska[cm] v Evaluate
L[5 #4 Hustota [kg/m ™3] rho Tunable 3
Read only =
Drag or Click items in left palette to add to dialog. Hidden 0
Use Delete key to remove itemns from dialeg. Mever save ]
= Dialog
Enable
Visible
Callback 7]
< | 1 | r E Layout -

Cancel || Help || Apply |

Obr. 9 Maska subsystému
Dali krokom je vloZenierotaéného spoja Revolute Joint. Vystup bloku Revolute Joint oznaceny B
spojime zo zakladnou a druhy vystup s ramenom, ¢o znamen4, Ze rameno sa kyve okolo zékladni

a nie naopak. Toto zapojené je znazornené na Obr. 10.

Hodnoty masky subsystému rameno mbézeme definovat dvojklikom na subsystém. Parametre

subsistému st uvedené na Obr. 11.

13
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Sobver
Zonfiguration
A= wE - /fﬂi‘[: . o [ .}t[} ] connt Connz [T
Warld Frame Rigid Revolute Joint ¥
Transform Subsystem

O

Mechanis m
Configur ation

Zgkladna
==

Obr. 10 Blokova schéma jednoduchého ramena

r Block Parameters: Subsysta_ u1

(mask)

Parameters

Dlzka [cm]
13

Sirka [cm]
2

Vyska [cm]
2

Hustota [kg/m~3]
2500

Obr. 11 Parametre subsystému rameno

Simulaciasaspusti po stlaceni zeleného tlac¢idla Run. Vizualizacia modelovaného jednoduchého

kyvadla je na Obr. 12.

Obr. 12 Vizualizacia jednoduchého kyvadla

14
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Zaver

Simulac¢né kniznicaSimMechanics Simulinku poskytuje dalsiu zaujimavi moznost ako modelovat
a skimat mechanické systémy. Vysledny simulaény model mézeme pouZit pre overenie modelu,

ktory sme ziskali pomocouinej metddy.
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