SimMechanics 25X— 3 ¥ 7 v 7 L. Simscape +Simscape Multibody DIERICEEIC i o727, 1
Ry PET IV VIOV ITNT 7 ANBETTERS B> TCLEVE Lz, RITROWHERTHC X
IIBIEL L7,

F1T X, MATLAB2020a THERR L T ¥ 37

7.8 Simscape Multibody [ £ 2 BT ILIERL & F DIGEE

Simscape (. Simulink ECEIfES % Add-on DY — LKy 7 AFEDO VD EDOTH D, Simulink E T~
FRAL vOYHIHREY I 2L —v 3V T&5, Simscape Multibody (&, <LV F F X 4 VO
. 2RI 7R R 2 ez 5 K S ic Lz b o T, ROV 2 R B O MEE A FREIC 2 5, T2 T
I, vectest9demo.m LRI LETAZER, ¥ 2 a2 —>a vaTW NEE, HER EOHKEZITH .
CDOXIICEBORPYVATHALY Ialb—vavkds2eT, WiELLHECEZRKL, FiC
Simscape Multibody DffiVJ7HED 5 T LR TE 3,

Simscape Mutibody Tl¥. smnew 2~ F&{fi5 &, VEREEDO LY T v 7B TE 3,

>>smnew
4 untitled - Simulink academic use = O *
SIMULATION !
EDJ 1 Open ~ ]| Stop Time | 10.0 <& ¢ ;_ UI>
ﬁ : (O] > » IN7| u @
ave - : - ormal - = 2
New Library i S Step Run Step Data
- EEI Print = Browser [t HWE: o@ Fast Restart Back = - Forward Inspector
FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS =
untitled
® |[Pafuntitied A
et
j F
| | rl |
a kvt — B
[ |
d%ci_ ; !
L Sl
Simscape Multibody Resources
1. Find more multibody components in the Simscape Multibody library.
For more information, see Simscape Multibody - Blocks.
2. Find components from other domains in the Simscape library.
3. Connect the components to form a physical network.
For more information, see Essential Steps for Constructing a Physical Model and Creating a Multibody Model.
_ 4. Visualize the simulation using Mechanics Explorer
(i@ 5. Explore simulation resulis using sscexplore
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Simulation Pacing Options: armtest3sim2020 X

+| Enable pacing to slow down simulation
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Block Parameters: From Warkspace >
From Workspace

Read data values specified in timeseries, matrix, or structure format from the
MATLAB workspace, model workspace, or mask workspace.

MATLAB timeseries format may be used for any data type, complexity, or fixed
dimensions. To load data for a bus signal, use a MATLAB structure that
matches the bus hierarchy and specify timeseries for each leaf signal.

For matrix formats, each row of the matrix has a time stamp in the first
column and a vector containing the corresponding data sample in the
subsequent column(s).

For structure fermat, use the following kind of structure:
var.time=[TimeValues]
var.signals.values=[DataValues]
var.signals.dimensions=[DimValues]

Parameters

Data:

I
| simin

Output data type: | Inherit: auto v >>

Sample time (-1 for inherited):
[at

Interpolate data

Enable zero-crossing de

Form output after final data value by: | Extrapolation i

2 ] (o | [ | 0

simin IZ 1, thl,th2 O AR, FAHE, AILEE b
A>T, BREZDIZ, AEORTHL-0,
[1,2,1,2]& L7z, 10d. AEE, 2 03, A3 L A
HWED22%KL T,

. Block Parameters: Demux
Demux

Split vector signals into scalars or smaller vectors. Check 'Bus Selection
Mode' to split bus signals.

Parameters

Number of outputs:

[[1.2,1,2]

Display option: |none

[ Bus selection mode
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Block Parameters: Simulink-PS Converterd *x
Simulink-PS Converter

Converts the Simulink input signal to a Physical Signal.

The unit expressien in 'Input signal unit' parameter is associated with

the Simulink input signal and determines the unit assigned to the
Physical Signal.

‘Apply affine conversion’ check box is only relevant for units with
offset (such as temperature units).

If the selected solver requires input derivatives, you can either provide
them explicitly through additional signal ports, or turn on input
filtering to calculate time derivatives. The first-order filter provides one
derivative, while the second-order filter provides the first and second
derivatives. For piecewise-constant signals, you can also explicitly set
the input derivatives to zero.

Parameters

Units  Input Handling
Filtering and

derivatives: Filter input, derivatives calculated -
Input filtering order: | Second-order filtering -
Input filtering time ‘0 =

constant (in seconds):

Cancel Help Apply
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ngld Transform ~ Block . Rigid Transform : Rigid Tra.. — ] *

Description

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

ﬁﬁ f"ﬁ L ﬂ) IEJ Loy X Different translations and rotations can be freely combined,

En=—2 . In the expandable nodes under Pmperbs\, choose the type
—ﬂEXIEk Lf“o and p ters of the two fi comp

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

frame,
Method  |None “
Method Cartesian ~
Offset  [arm(1)4/2 [m @
K (Concel Help| it
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Description "&*PQQ-:@|EJG§'@@5@U~

p a solid c inil ry, an inertia and mass, a

= i graphics component, and ng;diy attached frames into a single unit.
’/__\E E 6i A solid is the common building block of rigid bodies. The Solid
block obtains the inertia from the geometry and density, from the
H H eometry and mass, or from an inertia tensor that you specify.
Dimenstions geemety At mess yorspecly,
In the expandable nodes under Properties, select the types of

Inertia D & "’C\‘ N 'f@ oi N geometry, inertia, graphic features, and frames that you want and

their parameterizations,

5:: 7 I Vg ]\ a l/ f: o Port R is a frame port that represents a reference frame associated
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. Rigid Transform : Rigid Tra.. — O Es

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 expandable 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 origin and axis orientation in the base
frame.

Properties

Method _ |None
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@ Revolute Joint : Revolute Joint - O X

Description
Represents a revolute joint acting between two frames, This joint has
one rotaticnal degree of freedom represented by one revolute
primitive. The joint constrains the origins of the two frames to be
coincident and the z-axes of the base and follower frames to be
coincident, while the follower x-axis and y-axis can rotate around the
z-axis,

In the expandable nodes under Properties, specify the state, actuation
method, sensing capabilities, and internal mechanics of the primitives
of this joint. After you apply these settings, the block displays the
corresponding physical signal ports.

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,

SteJaget
nternal Mechanics
quil osition |0 ‘rad ~ |
0 v

~

Torque
Motion |Provided by Input v

OK :Cancel.- Hélb] Apply

arm(2) DEXE

AR + B

Rigid Transform Rotation

Method None

Translation

Method Cartesian

Offset arm(2).1/2 m

Brick Solid Geometry

Dimension arm(2).1+[0.1;0.1;0]

Inertia

Type Point Mass

Mass 0kg




Equilibrium Position

Rigid Transform Rotation Method None
Translation Method Cartesian
Offset arm(2).1/2 m
YaAd v M DORE
Rigid Transform Rotation Method Standard Axis
Axis -X
Angle 90 deg
Translation Method None
Revolute Joint Z Revolute Primitive (Rz) | Internal Mechanics/ 0 rad

Actuation/Torque

Automatically

Computed

Actuation/Motion

Provided by Input

Rigid Transform Rotation Method Standard Axis
Axis -X
Angle -90 deg
Translation Method None
arm(3) DX IE
TR -+ RS
Rigid Transform Rotation Method None
Translation Method Cartesian
Offset arm(3).1/2 m
Brick Solid Geometry Dimension arm(2).1+[0.1;0.1;0]
Inertia Type Point Mass
Mass 0 kg
Rigid Transform Rotation Method None
Translation Method Cartesian
Offset arm(3).1/2 m
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% Transform Sensor : Transfor.. — O X

Description

Measures time-dependent relationship between two frames,
A Transform Sensor passively senses this 3-D time-varying
transformation, and its derivatives, between the two frames.

In the expandable nodes under Properties, select which
rotational and translational relationships, including velocities
and accelerations, you want to measure, After you apply these
settings, the block displays the corresponding output physical
signal ports.

Ports B and F are frame ports that represent the base and
follower frarnes, respectively. The sensor measures the
transforrnation and its derivatives as follower frame relative to
base frarne. The transformation components can be projected
into one of several frames.

Properties

Measurement Fra,,.!World

& Rotation
2 Angular Velocity
Omega X

Omega Y

OmegaZ

Quaternion

Transform
Angular Acceleratiol
= Translation

X

¥

E

Radius

Azimuth

Distance

Inclination
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Azimuth
Distance
Inclination
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Block Parameters: To Workspace
To Warkspace

Write input to specified timeseries, array, or structure in a workspace. For
menu-based simulation, data is written in the MATLAB base workspace.

Data is not available until the simulation is stopped or paused.

To log a bus signal, use "Timeseries” save format.
Parameters

Variable name:

[simout1

Limit data points to last:

|inf

Decimation:

[x

Save format: | Timeseries
Log fixed-point data as a fi object
Sample time (-1 for inherited}:

[

) G || 1o

Apply
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Solver DX E

Configuration Parameter DX E X, 2 ¥ D X HIC L7,

@ Configuration Parameters: vectest@asim2020/Configuration (Active) — O x

[Q Search ‘

Simulation time

Data Import/Export
Math and Data Types
+ Diagnostics
Hardware Implementation

Start time: [0.0 | Stop time: [t(end) |

Solver selection

Model Referencing Type |Fixed-siep | | Solver: |ode8 (Dormand-Prince) [=]
Simulation Target

» Code Generation ~ Salver details

» Coverage

» HDL Code Generation Fixed-step size (fundamental sample time}): [at |
Simscape

* Simscape Multibody Tasking and sample time oplions

Periodic sample time constraint: |Unconsﬁained | - |

Treat each discrete rate as a separate task

[ ] Allow tasks to execute concurrently on target

[] Automatically handle rate transition for data transfer
[_] Higher priority value indicates higher task priority
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vectest9asim2020demo.m

close all;clear all

if 1
viewagl=[-37.5,30;0,90;90,0,0,0];
n=3;

1=[zeros(2,n);2*ones(1,n)];
th=zeros(1,n);

1g=1/2;%E LA E

YEIRALEEITHIDEFR X Y. arm(1) DHEL 1g 13, BAFIAEN T 1g OALEICIFERA L vy,
%

arm(1).th=th(1);arm(1).a=[1;0;0];arm(1).1=1(:,1);arm(1).1g=1g(:,1);
arm(2).th=th(2);arm(2).a=[0;1;0];arm(2).1=1(:,2);arm(2).1g=1g(:,2);
arm(3).th=th(3);arm(3).a=[1;0;0];arm(3).1=1(:,3);arm(3).1g=1g(:,3);

% define arm list structure
arm(1).parent=0;arm(2).parent=1;arm(3).parent=2;
% TV Yo RERLIIND Y2 T 5,
arm=vectest9makechildlink(arm);
ind=vectest9findallchildren(arm);

dt=0.001;t=0:dt:2*pi;

th = pi/2*sin(t);

dth =diff(th)/dt;dth =[dth(:,1), dth];
ddth=diff(dth)/dt;ddth=[ddth(:,1),ddth];
%Simulink €7 v ld, I L 72\ ' 7V LARGE
1 =2+ 0*sin(t);

dl = diff(1)/dt;dl=[d1l(:,1),d1l];
ddl=diff(dl)/dt;ddl=[dd1(:,1),dd1l];

lg = 1 + @*sin(t);
dlg = diff(lg)/dt;dlg=[dlg(:,1),d1];
ddlg=diff(dlg)/dt;ddlg=[dd1lg(:,1),dd1];

plotl=[];
P{length(arm)}=[];DP{length(arm)}=[];DDP{length(arm)}=[1;
Pg{length(arm)}=[];DPg{length(arm)}=[];DDPg{length(arm)}=[1];
R{length(arm)}=[];W{length(arm)}=[];DW{length(arm)}=[1;
for ii=1:length(t)
for i=1:length(arm)
arm(i).th=th(ii);
arm(i).dth=dth(ii);
arm(i).ddth=ddth(ii);
arm(i).1=[0;0;1(ii)];
arm(i).d1l=[0;0;d1(ii)];
arm(i).dd1=[0;0;dd1(ii)];
arm(i).lg=[0;0;1g(ii)];
arm(i).dlg=[0;0;dlg(ii)];
arm(i).dd1lg=[0;0;dd1lg(ii)];
end
ind=vectest9findallchildren(arm);
arm=vectest9kinematics3(arm,ind);
for i=1:length(arm)
P{i}=[P{i},arm(i).T(1:3,4)];
DP{i}=[DP{i},arm(i).dT(1:3,4) 1;
DDP{i}=[DDP{i},arm(i).ddT(1:3,4)];
if(~isempty(arm(i).Tg))
Pg{i} =[Pg{i} ,arm(i).Tg(1:3,4) I;
DPg{i} =[DPg{i} ,arm(i).dTg(1:3,4) ];

15



DDPg{i}=[DDPg{i},arm(i).ddTg(1:3,4)];
end
dR = arm(i).Vv(1:3,1:3);
w = [dR(3,2);dR(1,3);dR(2,1)];% or w = -[dR(2,3);dR(3,1);dR(1,2)];
ddR = arm(i).A(1:3,1:3);
dw = [ddR(3,2);ddR(1,3);ddR(2,1)];% or dw = -[ddR(2,3);ddR(3,1);ddR(1,2)];
R{i} = [R{i} ,r2ath(arm(i).T(1:3,1:3))];
W{i} = [W{i} ,w];
DW{i} = [DW{i},dw];
end
plotl = vectest9plot(arm,plotl);
drawnow;
end
simin.time=t(:);
simin.signals.values=[th(:),dth(:),ddth(:),th(:),dth(:),ddth(:)];
simin.dimenstions=6;
save vectest9mat2020
else
load vectest9mat2020
end
out=sim('vectest9asim2020', 'ReturnWorkspaceOutputs"’,
simoutl=out.simoutl;
close all
figure
subplot(3,3,1);plot(t,P{3}"');axis tight;title('fZi& MATLAB');
paxis=axis;
subplot(3,3,2);plot(t,simoutl.Data(:,1:3));title( 'fiLi& SIM');
axis(paxis);
subplot(3,3,3);plot(t,P{3}'-simoutl.Data(:,1:3));title('fZEEE");
axis(paxis);
subplot(3,3,4);plot(t,DP{3});axis tight;title( 'i#/& MATLAB")
dpaxis=axis;
subplot(3,3,5);plot(t,simoutl.Data(:,4:6));title( #/E SIM")
axis(dpaxis);
subplot(3,3,6);plot(t,DP{3}"'-simoutl.Data(:,4:6));title("HERE");
axis(dpaxis);
subplot(3,3,7);plot(t,DDP{3}"');axis tight;title( /&% MATLAB")
accaxis=axis;
subplot(3,3,8);plot(t,simoutl.Data(:,10:12));title( ' HIEE SIM")
axis(accaxis);
subplot(3,3,9);plot(t,DDP{3}"'-simoutl.Data(:,10:12));title( " MEEEE");
axis(accaxis);

on')

figure

subplot(3,3,4);plot(t,W{2}"');axis tight;title( "' fE#E MATLAB")
waxis=axis;
subplot(3,3,5);plot(t,simoutl.Data(:,7:9));title(  fAHEE SIM")
axis(waxis);
subplot(3,3,6);plot(t,W{2}"'-simoutl.Data(:,7:9));title( ' AHEME");
axis(waxis);

subplot(3,3,7);plot(t,DW{2}"');axis tight;title(' fMAM&EE MATLAB")
accwaxis=axis;
subplot(3,3,8);plot(t,simoutl.Data(:,13:15));title( ' ANIEE SIM")
axis(accwaxis);
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subplot(3,3,9);plot(t,DW{2}"'-simoutl.Data(:,13:15));title(  AMILEE
axis(accwaxis);
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