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1. Introduction

This tutorial is suggested to be used for the first work with COSIMIR®. It represents a
short introduction into the 3D simulation and offline programming of robot-based
workcells.

1.1 The 3D Simulation System COSIMIR®

COSIMIR® is the 3D-simulation system for Windows 95™/98™  and
Windows NT™/2000™ operating systems.

Use COSIMIR® to plan robot-based workcells, to check the reachability of all
positions, to develop programs for robots and controllers, and to optimize the workcell
layout. All movements and handling operations can be simulated to avoid collisions and
to optimize cycle times. The direct download of tested programs and positions into the
robot controller is completely supported.

The Modeling Extensions for COSIMIR® support the composition of robot-based
workcells. Efficient modeling is provided by using component libraries containing
machinery, robots, tools, conveyor belts, part feeders, etc. Free 3D modeling and import
from CAD systems (e. g. AutoCAD™) are also possible.

1.2 Text Formats

Different text formats are used for certain text contents as well as for keyboard
shortcuts.

Text formats for plain text:

The following typographical formats are used:

Text Format Used for

bold Commands, menus, and dialog boxes.
italic Enter text instead of the italic printed text.
CAPITALS Acronyms, directoy and file names. You can use lower

case letters, too.

"quotation marks" Options, chpater titles, and links.

Text formats for keyboard shortcuts:

The following typographical formats are used:

Text Format Means

KEv1+Kev2 If you have to press two keys at the same time a plus sign
(+) is printed between the two keys.

Kevi-Kev2 If you have to press two keys one after another a minus
sign (-) is printed between the two keys.

Copyright © 2000 - EFR - IRF (Nov-00)



6 Getting Started

1.3 System Requirements

Minimum Requirements

Processor:
Memory:

Harddisk:
Operating System:

Graphic Adapter:

Pentium 133 MHz Processor or higher
64 MB RAM
200 MB free

Windows 95™/98™
Windows NT™/2000™

any card supported, 3D acceleration increases performance

Recommended Configuration

Processor:
Memory:

Harddisk:
Operating System:

Graphic Adapter:

Pentium Il 300 MHz Processor or higher
128 MB RAM
200 MB free

Windows 95™/98™
Windows NT™/2000™

Adapter with 3D acceleration and OpenGL support

High-End Configuration

Processor:
Memory:

Harddisk:
Operating System:
Graphic Adapter:

Pentium 11l 800 MHz-Processor
256 MB RAM

200 MB free

Windows NT™/2000™

Adapter with 3D acceleration and OpenGL support,
GeFORCE Il chip set

Copyright © 2000 - EFR - IRF (Nov-00)
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1.4 Installation Instructions

To install COSIMIR® run “SETUP.EXE“ from the installation CD. The installation
wizard will guide you through the installation.

Important notice: It is necessary to install a device driver to use the hardlock.
Running WINDOWS NT or WINDOWS 2000 you need administrator privilegies to
install this device driver.

Use the first dialog to select the desired language.

Select Language |

Please select the language that you would like to use during the
inztallation.

Die Installation unterstutzt verschiedene Sprachen.
Wahlen Sie eine Sprache auz der unten aufgefiihiten Liste aus

Deutsch

cores_|

Next are further instructions and license agreements.

Thiz program will inztall COSIMIF Industrial on wour

@ Welcome to COSIMIR Industrial Setup program.
= computer,

It iz strongly recommended that you exit all Windows programs
befare running this Setup Program.

Click Cancel to guit Setup and cloze any programs you have
wnning. Click Mext to continue with the Setup program .

WARMIMNG: Thiz program iz protected by copyright law and
international treaties.

Unauthonzed reproduction or distribution of thiz program, or any
portian af it, may rezult in zevere civil and criminal penalties,
and will be prozecuted to the maximum extent pozsible under
law.

Cancel |

Copyright © 2000 - EFR - IRF (Nov-00)



8

Getting Started - cosimm® |||

Use the following dialog to select the drive and path in which to install COSIMIR® in.

oose Destination Location

Setup will install COSIMIB Induztnal in the following folder.

Toinztall into & different folder, click Browse, and zelect
another folder.

You can chooze not to install COSIMIR Industrial by clicking
Cancel to exit Setup.

C:ACOSIMIR Indugtrial Browse. . |

" Destination Folder

_ o
Lancel I

You may install the different options of COSIMIR® shown in the next dialog. The dialog

may differ for different COSIMIR® versions as the installation contains version and user
specific components.

elect Components

It the options list below, select the checkboxes for the options
that you would like to have installed. The disk zpace figlds
reflect the requirements of the optionz you have zelected.
[ COSIMIF Industrial g3e72 k
| Programming Language IRL 1513 k
[+ COSIROF Components and Compiler 14283 k
¥ Modelling Extensions 7048 k.
[# Demos 73652 k
Digk Space Reguired: 200757 k
Dizk Space Femaining: 1615328 |k
¢ Back Cancel |

Copyright © 2000 - EFR - IRF (Nov-00)



I cosmee Getting Started 9

If you are installing a version of COSIMIR® supporting communication to real robots,
the following dialog allows to select the serial interface port and the robot type.

SIMIR Industrial Installation

Select Communications

Select the senial communications port used o communicate with
the robaot contraller [drive unit).

The lizt may offer more communications ports than installed in
your PC.

Select the robat type connected via this serial port.

£ Ry-M1 o Bv-M2
& FV-E series (RY-E2, RYV-EZ), RV-E4N, RV-EGM. ...]

< Back I Mest » I LCancel |

COSIMIR® creates a program group for the Windows program manager and the start
menu. Use the following dialog to choose a name.

FF" Select Program Manager Group Ed

Enter the name of the Program Manager group to add
COSIMIR Indusztnal icons to:

COSIMIR Industnal

Accessolies
StartJp

_ o
Lancel I

Copyright © 2000 - EFR - IRF (Nov-00)
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After these information the installations starts.

F-F'" Start Installation

ou are now ready to install COSIMIR [ndustrial.

Prezs the Mest button to begin the inztallation or the Back
button to reenter the installation information,

¢ Back

Cancel |

The COSIMIR® online help is based on the standard HTML help format of Windows.
To use this Microsoft Internet Explorer of version 3.0 or higher is necessary. It is not
possible to use the COSIMIR® online help without a Microsoft Internet Explorer installed
on your system.

Internet Explorer not Found!

Please ingtall Microzoft Intemet Explorer,
Werzion » 3.0, to uze COSIMIR Online Help.
Fiun Setup again after Installation of Microzaft

Internet Explarer.
Abbrechen |

If necessary the HTML help system is updated.

HTML Help 1.31

@ Do you wish to inztall HTRML Help 1.37 Update now?

HTML Help 1.31

@ HTHL Help 1.31 Update complete.

Copyright © 2000 - EFR - IRF (Nov-00)



I cosmre Getting Started 11

COSIMIR® uses a hardlock and the drivers for this hardlock are installed
automatically.

Dongle Driver Installation |

An ezzential system driver for the dongle
[hardiock] will be inztalled.

Aftenvardz a system reboot will be necessan.

|ghore |

Installation is completed now. See “README.TXT" for further information.

nstallation Complete

COSIMIR Industrial has been successfully installed.

Prezs the Finish button to exit this installation.

% Bk I Finigh > I [Famee!

If having installed the hardlock driver a system restart is necessary to run COSIMIR®.

Install

Thiz gystem musgt be restarted to complete the
ingtallation. Press the OF button to restart this
computer. Press Cancel to retum to Windows

without restarting.
Canicel |

Copyright © 2000 - EFR - IRF (Nov-00)
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2.  Operating

Getting Started

This chapter shows the first steps in using COSIMR®.

2.1 User Interface

Inputs/Outputs

Workcell Window Joint/World Coordinates

TeachIn Window

Controller Selection

Menu Bar
L
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L7 i | 47 [ADEPT: Assemble 1
¥ ]
. [ADEPT_550] C-ACOSIMIRY | _ =l Y Lo ok
Hame | Position |1
Ring! [1esan19z1 1078 § i’
Fiefl 34.51627.133 1 Fing2
Fief2 [gz0347.011311 |E | o
Fief3 [188.0145.0.1131 Irso,(ﬂ Finad 135.4,1257,1,1076 ﬂ o] [ omeet
Status Bar o 2] C ] e
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Mitsubishi Position List

Mitsubishi Program

Adept Program

Adept Position List

2.2 Window Types

The most important window types of the COSIMIR® user interface are specified in the
following list.

&8 Joint Coordinates [H[=] [E3

Joint1
Juaint2
Joint3
Juaintd
Joints
Juaintg

Workcell Window

Joint Coordinates

0.0Deg
0.00eg
110.0 Deq
0.0Deg
5.0 Deq
0.0Deg

Copyright © 2000 - EFR - IRF (Nov-00)

User Input/Output

Second
Workcell Window

13

The workcell is shown graphically in the workcell view
window. You can open further windows with different workcell
views by means of the command New from the View menu.

The window joint coordinates shows the positions of the
single robot joints. The display unit for rotational joints is
degrees, for linear joints it is millimeters. A double click into this
window opens the dialog box Set Joint Coordinates.
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&8 World Coordinates [H[=] B

HPos

Z-FPos
Fiall:

Taw

3711 mm

B42.0 mm
80,0 Deg

175.0 Deq

Right, Abawve, MNo-Flip

=l E3

+ Jog Operation [AV-E2)
Jaintl
Jaint2
Jaint3
Jaint4
Jaints
Jainte

A W
F _|

=

[H
am C KiZies
I3  JOINT Jog
B~ 100110
[H

[0 =

Close Hand

Set Joint Coordinates

Posiion List
Curteri Postion - Pos. List |

Helps

: Jog Operation (RV-E2)

(KT |

H

-z

[_[O]x]

Close Hand

& K2 Jog
£ JOINT Jog
£ T00LJog

SelrvZ Fostion.. |

gl

Jog Override
i B »
[0

Position List
Current Position > Pos. List

Help

[ Inputs C[5Ix]

MixerOn
PHReady
W ait

Mext
Fipettelk

TN

<0
<0
0
1]
1]

=

[ Dutputs
Grasp
Aftach
Fipette

Mixer
PH_Measure
Flush

kI

[_ (D]

DDGDDDE

=

;: Controller Selection

I aster

Controller

IS E3

Activity | Start/Stop

Controller

Handling. RP-34H

[

Soldering. RP-34H

Screwing BP-BaH

PCBHandling. BY-E4N

CazeHandling. BY-E4M

OOObeO

Falletizing. A/ -E 48

T

cosimi® ||

command Show Joint Coordinates from the Extras/Robot
Position menu.

World Coordinates

The window world coordinates displays the position and
orientation of the Tool Center Points in world coordinates. In
addition, position, orientation, and configuration of the robot are
displayed in the lowest line of the window. A double-click on this
window opens the dialog box Set World Coordinates.

To open the window world coordinates press, SHIFT+F7 oOr
choose the command Show World Coordinates from the
Extras/Robot Position menu.

Teach-In

The window Teach-In (Joint Coordinates) contains the names
of the robot joints and two small buttons to move the individual
joints of the robot. Thereby the reaction of a real robot is
simulated. If you keep pushing the button, the robot accelerates
up to the adjusted speed (Override), keeps the speed steadily
and then continuously decelerates to a speed of 0 after releasing
the button.

Select the jog operation mode to change to Teach-In in world
coordinates or tool coordinates.

To open the window Teach-In press F8 or choose the
command Show World Coordinates from the Extras/Robot
Position menu.

Inputs/Outputs

The window Inputs/Outputs shows the states of the simulated
robot-controller’s inputs/outputs. The current states of the
inputs/outputs are displayed next to their names. 0-signals are
displayed in red color, 1-signals are displayed in green color.

The value of an input is displayed in brackets, i. e. [1], if the
input is connected to an output. If the signal of the input is
forced, the value of the input is displayed in angle brackets, i. e.
<1>.

To open the window Inputs/Outputs press F9/CTrL+F9 OF
choose the command Show Inputs/Show Outputs from the
Extras/Inputs/Outputs menu.

Controller Selection

The window Controller Selection shows the states of all
controllers of the workcell. You are able to choose the master
controller and to observe the activity of the different controllers.
Display of robot positions, inputs, outputs and teach-in is always
done for the emphasized robot (master).

To open the window Controller Selection choose the
command Controller Selection from the Execute menu.

Copyright © 2000 - EFR - IRF (Nov-00)



=l [MITSU_RY_E2] C:ACOSIMIR. ..

, 700 =]
, 702
i
-
1 | v o

.~ [RV-E2] C:\COSIMIRASAMPLES\MITSUB... =] E3

Mr. | Position Oriertation

L 48%.6, 20.7, 520(-180, 0, -850 i’

2 488.6, -64.8, 290| 180, 0, -90

3 486.6, -64.8, 340 180, 0O, -30

4 488.6. -64.6. 520/ 180. 0. -390 iI

4 v

e User Input/Dutput =] B3

Check lamp 1 = DK =

Start assembly

|Assembly stopped

Check lamp 2 = 0K

Start assembly

|&ssembly stopped

Check lamp 3 = 0K L

Start assembly

|&szembly stapped

Check lamp 3 = OK d|

] B
(Sarice] I

Copyright © 2000 - EFR - IRF (Nov-00)

Getting Started 15

Robot Program

This window shows a high level program in the native
programming language of a robot. The window title contains the
name of the associated robot.

Choose the command Open from the File menu to open a
robot program or create a hew program by choosing command
new from the File menu.

Position List

This window shows a position list of a robot. The window title
contains the name of the associated robot.

Choose the command Open from the File menu to open a
position list or create a new position list by choosing command
New from the File menu.

User Input/Output

The User Input/Output window opens automatically if the
robot program contains commands for reading and writing of
data via the serial interface to and from the robot control.

Because of the simulation of a robot control, the data is not
sent physically via the serial interface, but it is sent to the User
Input/Output window where the data is displayed.
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3. Modeling

There are several tools (i. e. model libraries and the Model Explorer for COSIMIR®)
providing a comfortable modeling of robot-based workcells. By means of a simple
example workcell, a short introduction in workcell modeling is given in this chapter.

3.1 Model Hierarchy

The COSIMIR® model hierarchy contains the following element types:

ﬂ Objects The highest unit in the element structure are the
objects.

Example: A robot is an object.

gﬁ Sections Sections are assigned to objects. One degree-of-
freedom can be associated to each section that is
moveable relatively to the previous section.

Example: Each joint of a robot is a section.

g& Hulls Hulls are assigned to sections and are
responsible for the graphical representation.

Example: A face, a box or a polyhedron are hulls.

ﬁ Gripper Points An object needs a gripper point to grasp other
objects. Gripper points are assigned to sections.

Example: At the flange of a robot a gripper point
is modeled.

ﬁ Grip Points To be grasped by another object an object needs
a grip point. Grip points are assigned to sections.

Example: A grip point is associated to a work
piece that has to be grasped.

3.2 Model Libraries

There is wide range of partly optional model libraries for COSIMIR®. Use these model
libraries to add new objects or model parts to a workcell model.

The following model libraries are available:

Robots Miscellaneous

ABB Grippers
Adept Primitives
Fanuc LEDs

Kuka Materials
Manutec Mechanisms
Mitsubishi Sensors
Niko Textures
Reis Additional Axes
Staubli

VW

Miscellaneous

The dialog box Model Libraries can be opened as follows:

Copyright © 2000 - EFR - IRF (Nov-00)
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3.3
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Menu
Toolbar

Model Explorer

Execute/Model Libraries

&

Use the Model Explorer to access all the elements of a workcell. Besides objects and
associated elements you are able to maintain materials, libraries, lighting sources, and
I/0 connections, too.

. The . _I\/.Iodel. Explorer’s
window is divided into two parts.
% PCEMaurting Name Type
comm O s f™ % 7|l Inthe left area a navigation

ﬁ’i Easel #} PLEConvsyorSiopSatdering  Canveyor Bl 2 1 tree contains folders with the
£} Caseld & PLEConveyorStopPCBHanding  Conveyor Bel 2 1 .
----g Coeedn gpcgaemtm Replcalor 1 0 different elements of a workcell.
s % PCETrashcan Trash Can 1 a )
O £ senmiens, SEN LTIV 0 1 If you select a folder in the
T e D seatiading SEN_INDUKTI 0 1 navigation tree the element list
FCE ﬂsansorFCBTlashcan SEM_INDUKTW o 1 H h . h f h M d |
- PCBCarier #Y SensarTTRCE SEM_INDUKTIY i 1 in the rg t area of the ode
- Crew & SensorTTCase SEM_INDUKTIV 1] 1 i 1 i ?
P £ e e e . ! Explorer is filled with the folder’'s
B i@} Libraries # SensorTTP SEH_INDUKTI i 1 elements.
@ CaszeHandling ﬂsansorTTFEEEase SEM_INDUKTIV o 1
@} Handing SEM_INDUKTIV i 1
i Jited P il 0 ! To access an element select
B PLBHanding £} CFe Replialor 1 0 the element in the navigation
& Sorewing &Y SensolCGtart SEN_INDUKTIVE0 0 1 . ;
-y Soldering &} SensoiCEnd SEN_INDUKTIVE 0 1 tree or in the element list by
D%‘l‘ 'L“;Uhﬁs“”w‘ms & PCBCanierReplicator N Replicator 1 i clicking on the element usin
Engmﬁim & PLECanieFesder Corweyor Belt 2 1 g g
&t ﬁ ;‘FFEBEameIEﬂnva}lnr Cotweyor Belt 2 ‘\. hd the mouse'
1 object selected i
Navigation Tree Element List

By clicking the right mouse button or pressing the context menu key on a

Windows 95™ keyboard you can open a context menu with most important commands
depending on the current element selection.

Choose command Model Explorer from the Extras/Settings menu to configure the
appearance of the Model Explorer.

The Model Explorer can be opened as follows:

Menu Execute/Model Explorer
Toolbar &
Keyboard CTRL+T

Copyright © 2000 - EFR - IRF (Nov-00)
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In this chapter modeling of a simple workcell is described step by step. Programming
and simulation of this workcell are described in the next chapters.

[ COSIMIR Professional M [=] B3
Fle Edt View Ewecule Esias Window Help
D2S|E|F & [EEe & ] slu|m| 20 =iz o 88 2] 22
Poperics forworkeot 21
General | Display | Gid | Libraries | Fiint | Sensor simiation |
Name ————
IE [Workcell

Barameter
ek Warkcell Parameters
g Visualization

@ Backaround color <RGB(255, 255, 224]>j
£ Floor
=[Sl Program Interpreter =

= Model Explorer

b Value -
4 Model Name Workeel
% File Name EX&MPLE.MOD
&% File Path CACOSIMIR
----- m Libraries % Obijsots 0
21 1/0 Connections [ 2 5o a
(-9 Lighting £ Huls 1
Y Facsts i}
&4 Polhedion Pairts 0 _'LI
4 »
Fisady %
|Stopped | 000s [10:03:43 Copyright @ 1992-2000 - EFR - IFF - GERMANY
[ COSIMIR Professional =13

Fle Edt View Ewecule Esias Window Help

] == = =Y = e e o = e e e

[ C:ACOSIMIRAE xample.mod HModel Libraries

=@ Mitsubishi - Fobots 5|
b Giripper [slec.) for FY-M1

% Grinper (elec.) for RV-M2/E.
~afh Gripper [pneum.) for RY-M1
g% Giipper [pneum | for RY-MZ,
&% Robot RP-18H

~gfh Robot RP-34H J

&% Fiobot RF-5aH
Fabe ]

g% Robot FY-E2
&b Robot RVE3)
g% Robot AV-EINLM

fh Fobot RV-E4NM
Y

Dbt O ¢ CERLIRA

| of”

x|
Oulput Index [ Type |
Grasp 000 digital —
finactive D01]  DO1  digital
finactive D021 D02 digital
finactive D03] D03 cigial
finactive D04] D04 cigial
finactive D05]  DD5  digial
finactive 0081 006 dlgital
finactive 007] D07

digtal '+
| »

B T

A

Copyright © 2000 - EFR - IRF (Nov-00)

Choose command New
Workcell from the File menu to
create a new workcell. Specify the
filename (e. g. “Example.mod”) for
the new workcell.

After creating the new workcell
you are able to specify a different
workcell name as well as properties
for the workcell (e.g. background
color, floor color, and floor size).
Use the dialog Properties for
workcell while the workcell name is
selected in the Model Explorer to
change workcell properties.

Open dialog box Model
Libraries by choosing command
Model Libraries from the Execute
menu or clicking the button @ in
the toolbar.

Select the Mitsubishi Robot
RV-2AJ from library “Mitsubishi
Robots” and click Add.

The robot is the first object in the
workcell and is displayed in the
Model Explorer.

In the Model Explorer select the
digital Output (Index 000) of the
robot and press F2 to activate and
to rename the output to “Grasp”.
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Select the Parallel Gripper
(simple) of library “Miscellaneous
Grippers” in dialog box Model
Libraries and click Add. The
gripper is attached to the robot's
flange automatically.

To simulate the electrical
connection between the robot
controller and the gripper, drag the
input Close of the gripper from the
element list of the Model Explorer
and drop it to the output Grasp of
the robot in the navigation tree.
Now the gripper can be controlled
by the robot controller.

Add a box from the model library
“Miscellaneous Primitives” to the
workcell.

Edit the element properties in
dialog box Properties for object
as follows:

Pos. (x,y,z): 200 mm, -150 mm, 0 mm
Dim. (x,y,z): 200 mm, 300 mm, 250 mm
Visualization: Dark blue

Note, that dialog box Properties
for elements contains the properties
of the currently selected element
(workecell, object, etc.).

In the Model Explorer rename
the object “Box” to “Table”.

Select the object Table in the
Model Explorer and press CTrL+C t0
copy the object to the clipboard.
Select the folder Objects and press
CTRL+V tO paste the object from the
clipboard.

Rename the copied object
“Table_1" to “Workpiece” and edit
its properties as follows:

Pos. (x,y,2z): 275 mm, 0 mm, 250 mm
Dim. (x,y,z): 50 mm, 50 mm, 50 mm
Visualization: Red

To let a workpiece be grasped
by a robot you have to assign a grip
point to the workpiece.
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Add a grip point to the workpiece
by choosing the command
New/Grip Point from the context
menu of the Model Explorer. To
open the appropriate context menu
select the section Base of the
object Workpiece and press the
right mouse button. Rename the
grip point to “Workpiece”.

Edit the position and orientation
of the grip point relatively to the
section coordinate system in dialog
box Properties for grip point as
follows.

Pos. (x,y,z): 25 mm, 25 mm, 25 mm
Ori. (r,p,y): 180°, 0°, 180°

Now, the grip point is in the

center of the workpiece.

At last save the workcell by choosing command Save from the File menu or by
clicking button Bl in the toolbar.

You can open the modeled workcell from the following installation directory of

COSIMIR®:

<Installation Directory>\GettingStarted\Mitsubishi\Modeling\Example.mod
Example: C:\COSIMIR\GettingStarted\Mitsubishi\Modeling\Example.mod

The next chapter contains an example of programming the created workcell.
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4. Programming

For programming of robots the native programming language of the robots is used in
COSIMIR®.
4.1 Example: Workcell Programming

This example shows the programming of the robot. The workcell modeled in the
previous chapter is used.

EUSIO'aI Estias Window Help Lalalz] Choose Command Open from
o=@ &%=e)e] 8] sl (e ol [ 2] 2a| N2 the File menu to open the example
(£ C-ACOSIMIRAE xample. mod M=l B || Properties for workeell 2] Workce” Of the preVIOUS Chapter.
General | Display | Grid | Libraries | Pint | Sensor simulation . .
[ B ke e et Create a new MRL position list
Mame — .
&Y o by choosing command New from
- the File menu and selecting item
T e 2 MRL Position List in dialog box
BAPS Frogrern E‘ackgmund color: <RGE(255, 255, 224> N eW
IRDATA Frogiam oot .
IRDATA Progiam Sequence giam m{smveter = )
G | You are able to open dialog box
new by clicking button Ol in the

i i toolbar or by using the shortcut
m;n:e\Name workcel CTRL+N.

Carcel | Hep |

emplates m File Name ExAMPLE MOD
T e |[Eeran Cocoswn Close the Model Explorer and
i ||| the dialog box Properties for
A ramtonro. 18 elements.
g} AliasObjscts 1 =
Ready A
Stopped 000s [08:3318 [Copyright ®1932-2000 - EFR - IRF - GERMANY I
T £ v e B s 1o =B Accept the initial position of the
NEFEREEEE N e R ||| 2] %2 robot as first position of the position
{13 C:ACOSIMIRAE xample. mod (o] ] | &% [HVZA-J]MHLPnsilinnLisl o list. Use the shortcut CrrL+F2 to
Nr Prsitinn Orientation e .
Posion it Eriy————— ey o accept current robot positions in
- Absolute Postion [world Coordintes] ———————— IR Py pOSition lists.
Hol 8 .
& ¥ Select the last free entry in the
[300.000 v:[25.000 Z[zrs.000 B3 World Coordinates =11 iti list d th hortcut
sl | amfa oo =ow| position {iSt and use - the shortcu
00eg | 2Pes swmll  CTRL+F2 @ second time. This position
L 2 .0 Deg || Roll: 0.0 Deg
5 R (e ‘e has to be changed. Select the
Right, Above g . . .
L i =551 Position by clicking on the entry with
@ Pigh @ tbove Ein| Gese Herd the left mouse button and choose
Gropersia %Pmms command Properties from the
Ll et | o Edit menu to open dialog box
og . .
o | Carcel | Heb | ] Set Joint Contdinates. Pos'li_tlon List Entry' Change the
| - Pestontin position as follows:
[10% Swerosws e bal | pogition (x,y,2): 300 mm, 25 mm, 275 mm

_w ||l Orientation (A/P, B/R): 0°, 180°
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Open dialog box Grip by
choosing command Grip from the
Extras/Settings menu. Select
output Grasp in list Gripper
Control at Teach-In and press OK.

Press F8 to open the window
Teach-In. Click at Close Hand to
control the gripper with the window
Teach-In. Confirm all messages
regarding to warnings that no object
is near the gripper or is being
grasped. These warnings can be
switched off.

Double click on the entry
position P2 in the position list to
move the robot to this position. Let
the robot grasp the workpiece by
clicking Close Hand in window
Teach-In.

Select XYZ Jog and click the
button for movement in negative
Y-direction. The robot is moving the
workpiece across the table. Save
the new robot position in the
position list by selecting the last
free entry and using the shortcut
CTRL+F2.

Save the position list as
“Mitsubishi.pos”.
Choose command Reset

Workcell from the Edit menu.
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10 REM Move to save position
20 MOV P1
30 M_OUT(0)

=0

100 REM FPick workpiece
110 MOV Pz, -30

120 WVS P2

130 M_OUT{O) = 1

140 MV P2z, -30

200 REM Flace workpiece
210 MOW P3, -30

220 WS F3

230 M OUT{0) = O

240 M5 P3, -30

300 RENM MNove to sSave position

310 MOV P1
(5l oz
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Create a new MELFA Basic IV
Programm by choosing command
New from the File menu and
develop a program executing a
simple Pick and Place task using
the positions P1 to P3 of the
position list.

Note, that the correct index of
the output is used for control of the
gripper.

The positions above the pick
and the place positions shall be
determined relatively.

See that a line feed is needed at
the end of the program.

After programming save
program as ,Mitsubishi.mb4"

the

For the purpose of simulation
the program as well as the position
list are integrated into a MELFA
Basic project.

Create a new MELFA Basic IV
project in dialog box Project
Management (command Project
Management from Execute menu).
Choose command Add Project or

click button 2 to add a new project
named “Mitsubishi.prj”.

In page Files of the dialog box
add the program and the posmon
list by clicking button
selecting the files. Declare the
program “Mitsubishi.mb4” as Main
Program.

The program is integrated into
the current project.

Close dialog box Project
Management and activate the
program window. Choose

command Compile+Link from the
Execute  menu (CtrRL+F9  oOr
button &) to check the project and
to load it into the simulated robot
controller.

In window Messages all used
system modules, program modules,
and position lists as well as errors
and warnings are displayed.

You have developed an executable robot program for the workcell simulation.
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You can open the programmed workcell from the following installation directory of
COSIMIR®:

<Installation Directory>\GettingStarted\Mitsubishi\Programming\Example.mod
Example: C:\COSIMIR\GettingStarted\Mitsubishi\Programming\Example.mod

The next chapter contains an example of simulating the modeled and programmed
workcell.
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This chapter contains the simulation of programs developed offline in COSIMIR®.

Choose the command Simulation from the execute menu to configure the
simulation settings with the dialog box Simulation.

5. Simulation
5.1 Settings
Simulation [ x]

— Simulation Cycle

03 =

— Contraller Cycle

004 .

b awimum Simulation Cycle

0300000 o

— Realtime Compensation Parameter

0.:20000

— Graphic's Update
¥ Only Simulation Cycle
=} Ghov End Fasttions
¥ | Sk At Time
™ Realtime

— Madel Update
& Simulation Cycle
" Controller Cycle

Cancel | Help |

Simulation

 Simulation Cycle

016 5

— Controller Cycle

004

— M aimum Simulation Cycle

03 4

~ Realtime Compenszation Parameter

0.20000

~ Graphic's Update
I# | Wiy Simulation Eycle
[7 Shiow Erd Pasitiots
¥ Ship sttt Time
¥ Realtime

~ Model Update
* Simulation Cycle
" Controller Cycle

Cancel Help

Simulation with constant simulation cycle

The difference of simulation time between the graphical updates of the
workcell window is called simulation cycle. The shorter you choose the
time for a simulation cycle, the smoother but also slower is the animation.

The controller cycle is the time used to update the internal system
values like interpolation steps of robots or I/O update cycles of PLCs. The
Simulation Cycle mentioned above is always a multiple of this controller
cycle.

If you select the option Show End Position the final position of a
movement will always be displayed in the animation. If you select the
option Skip Waiting Time the waiting times in the robot program are
simulated faster.

The selection Model Update switches the update of model calculations
like belts or process simulation from the very small cycle Controller Cycle
to Simulation Cycle. The setting Controller Cycle may lead to decreasing
performance for some models, on the other hand Simulation Cycle may
evaluate to some inaccuracies.

Simulation with dynamic simulation

Choose Realtime to start a simulation with a dynamic simulation cycle
that is controlled respectively to the real time to reach a synchronization
between the simulation time and the real clock.

Configure a Maximum Simulation Cycle to limit the simulation cycle. In
case of complex workcell models or PCs without enough performance the
system might try to increase the simulation cycle continuously. The value
entered here is the upper limit to be set.

The parameter Realtime Compensation Parameter determines the
constant (amplification P) to control the simulation cycle. Values range
from 0.1 to 0.6. A small value means a slower compensation, higher
values may force fluctuations or even oscillations.
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5.2 Example: Workcell Simulation

Open the example workcell of the previous chapters.

[E¥ COSIMIR Professional [_ 1o =]

DE|g b [m=Ee 8 S 2lzm

[E C:\COSIMIR\Example.mod

Fle Edi View Ewecule Exiias Window Help
2| B E | slE]n] 2] M

10 REN Move to save position
20 MOV P1
30 M OUT(D) = O

100 REM Pick workpiece
110 MOV P2, -30

1z0 MVS P2

130 M _OUT(0) = 1

140 MVS P2, -30

200 REM Place workpiece
210 MOV P3, -30

230 M_OUT(D) = 0
240 MVS F3, -30

300 REM Move to save position
310 MOV P1

L]
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To start simulation choose
command Start from the Execute
menu.

The program is simulated step
by step. The simulation time is
displayed in the status bar.
Because of the source code
sequence trace the currently
executed command is highlighted in
the program window.

Before you start simulation a
second time choose command
Reset Workcell from the Edit
menu. This command resets all
objects as well as the robot
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6. Mechanisms

In COSIMIR® the simulation of so called base mechanisms is a powerful feature for
simulation of workcells. A mechanism is assigned to an object using the object’s type.
Depending on the mechanism the object structure (concerning number of I/Os, number
and configuration of sections and joints) is given. The mechanism can only be simulated
correctly if the given object structure exists.

To model a mechanism, use the model libraries. Add an object with a mechanism to
the workcell to guarantee that the object structure is correct. Afterwards, change the
shape as well as the dynamics and I/O names of the object to model your own
mechanism.

Please note that to control any of the mechanisms the input values have to change
from low to high to start the mechanism. Moreover the output values containing the state
of the mechanisms are only updated if the outputs are connected to an input.

6.1 Gripper

Use the gripper mechanism to simulate grasping of workpieces. If system input O of
the gripper object is set to high, the gripper grasps an object that has a free grip point in
the grip range of the gripper’s gripper point. All sections of the gripper object that have a
degree of freedom are moved to their upper limits. Thus the movement of gripper chucks

is simulated.
Mechanism
Gripper
Object Type
Gripper
System Inputs/Outputs
Inputs Index Type Value Description
000 digital 1 Closes the gripper.
0 Opens the gripper.
Outputs Index Type Value Description
000 digital 0 Gripper is not closed.
1 Gripper is closed.
Examples
Object Model Library
Parallel Gripper Miscellaneous Grippers
Three Jaw Gripper Miscellaneous Grippers

6.2 Conveyor Belt

If there is another object with a free grip point above a conveyer belt object, the object
is moved along the active surface of the conveyor belt if the grip point lies inside the grip
range of the active surface. This only works if system input 0 of the conveyor belt is set to
high. If the object is moved up to the end of the active surface system output 0 is set to
high.

Mechanism

Conveyor Belt

Object Type

Conveyor Belt
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System Inputs/Outputs
Inputs Index Type Value Description
000 digital 1 Switches the conveyor belt on.
0 Switches the conveyor belt off.
001 digital 1 Conveyor belt transports backwards.
0 Conveyor belt transports forward.
Outputs Index Type Value Description
000 digital 0 There is no object at conveyor’s end.
1 There is an object at conveyor’s end.
Examples
Object Model Library
Conveyor Belt Miscellaneous Mechanisms

6.3 Push Cylinder

The push cylinder is extended if system input O is set to high. If there is an object with
a free grip point in the grip range of the push cylinder’'s gripper point the object is moved
by the push cylinder. The push cylinder is retracted if system input O is set to low.

Mechanism

Push Cylinder

Object Type

Push Cylinder

System Inputs/Outputs

Inputs Index Type Value Description
000 digital 1 Extends the push cylinder.
0 Retracts the push cylinder.
Outputs Index Type Value Description
000 digital 0 Push cylinder is not extended.
1 Push cylinder is extended.
Examples
Object Model Library
Push Cylinder Miscellaneous Mechanisms

6.4 Rotary Drive
The mechanism rotary drive is based on the push cylinder mechanism.

Mechanism

Rotary Drive

Object Type

Rotary Drive

System Inputs/Outputs

Inputs Index Type Value Description
000 digital 1 Rotary Drive moves to upper limit.
0 Rotary Drive moves to lower limit.
Outputs Index Type Value Description
000 digital 0 Rotary Drive is not at upper limit.
1 Rotary Drive is at upper limit.

Examples
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Object Model Library

Rotary Drive Miscellaneous Mechanisms

6.5 Turntable

All axes of turntable object are moved to the upper limits if system input O is set to
high. If there is an object with a free grip point inside the grip range of the turntable’s
active surface the object is moved with the turntable.

Mechanism

Turntable

Object Type

Turntable

System Inputs/Outputs

Inputs Index Type Value Description
000 digital 1 Turns the turntable.
0 -
Outputs Index Type Value Description
000 digital 0 Turntable is moving.
1 Turntable stand still.
Examples
Object Model Library
Turntable Miscellaneous Mechanisms

6.6 Two Way Push Cylinder

The function of the two way push cylinder is similar to the function of the push
cylinder. For the purpose of control there are two system inputs. According to this there
are two system outputs for the cylinder’s state.

Mechanism

Two Way Push Cylinder

Object Type

Two Way Push Cylinder

System Inputs/Outputs

Inputs Index Type Value Description
000 digital 1 Extends the push cylinder.
0 -
001 digital 1 Retracts the push cylinder.
0 -
Outputs Index Type Value Description
000 digital 0 Push cylinder is not extended.
1 Push cylinder is extended.
001 digital 0 Push cylinder is not retracted.
1 Push cylinder is retracted.
Examples
Object Model Library
Two Way Push Cylinder Miscellaneous Mechanisms
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6.7 Turning Mover

The turning mover consists of two sections and a vacuum gripper that can be
controlled by setting system inputs 2 and 3. Use system inputs 0 and 1 to control the

position of the turning mover.

Mechanism

Turning Mover

Object Type

Turning Mover

System Inputs/Outputs
Inputs Index Type Value Description
000 digital 1 Moves to position A.
0
001 digital 1 Moves to position B.
0
002 digital 1 Grasp
0
003 digital 1 Release
0
Outputs Index Type Value Description
000 digital 0 Turning mover is not at position A.
1 Turning mover is at position A.
001 digital 0 Turning mover is not at position B.
1 Turning mover is at position B.
Examples
Object Model Library

Turning Mover

Miscellaneous Mechanisms

6.8 Parts Feeder

Use the mechanism parts feeder to model depots for workpieces etc. The associated
object contains a whole string of gripper points. The sequence of these gripper points is
important for the function of the parts feeder that is filled by moving objects with free grip
points in the grip range of the feeder’s gripper points. Note that the first of the feeder’s
gripper points must not be covered. In case of setting system input O of the parts feeder
to high the object at the second gripper point is moved to the first gripper point, the object
at the third gripper point is moved to the second gripper point etc. If there is an object at
the position of the first gripper point system output 0 is set to high.

Mechanism

Parts Feeder

Object Type

Parts Feeder, optional “with Gravity”

System Inputs/Outputs

Inputs Index Type Value Description
000 digital 1 Requests a new part.
0
Outputs Index Type Value Description
000 digital 0 No part is available.
1 There is a part available.

Examples
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Object Model Library
Parts Feeder 1 Miscellaneous Mechanisms
Parts Feeder 2 Miscellaneous Mechanisms

6.9 Proximity Sensor

This simple proximity sensor checks if there is an object with a free grip point in the
grip range of the sensor’s gripper point.

Mechanism

Proximity Sensor

Object Type

Proximity Sensor

System Inputs/Outputs

Outputs Index Type Value Description
000 digital 0 No grip point detected.
1 Grip point detected.
Examples
Object Model Library
Proximity Sensor Miscellaneous Mechanisms

6.10 Replicator

Use the replicator mechanism for creation of new objects based on templates. The
extended properties of the replicator object contain the assignment of system inputs and
templates (example; template 0 = “Workpiece”). If a system input is set to high, a new
object based on the associated template is created at the gripper point of the replicator
object.

Mechanism

Replicator

Object Type

Replicator

System Inputs/Outputs

Inputs Index Type Value Description
000 digital 1 Create first configured object.
0 -
001 digital 1 Create second configured object.
0 -
00n digital 1 Create n-th configured object.
0 -
Examples
Object Model Library
Replicator Miscellaneous Mechanisms

6.11 Trash Can

The trash can is the counterpart of the replicator. Use the mechanism trash can to
remove objects at runtime. Each system input of the trash can object is associated to a
gripper point. If system input 1 is set to high and there is an object with a free grip point
inside the grip range of grip point 1 of the trash can object, the object is removed.
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Please note that all objects that have been removed by this mechanism are not
recovered by choosing command Reset Workcell from the Edit menu.

Mechanism

Trash Can

Object Type

Trash Can
System Inputs/Outputs
Inputs Index Type Value Description
000 digital 1 Remove object at gripper point 1.
0 -
001 digital 1 Remove object at gripper point 2.
0 -
00n digital 1 Remove object at gripper point n.
0 -
Examples
Object Model Library
Trash Can Miscellaneous Mechanisms
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7. Extensions

The basic functionality of COSIMIR® can be extended. In this chapter the most
important extensions are described.

7.1 Collision Detection

By the Collision Detection you are able to detect collisions in your workcell. Single
objects can be selected for checking. Objects which collide are colored and collision
messages are output.

Availability Industry Education
COSIMIR® Professional v v
COSIMIR® Industrial v v
COSIMIR® Educational - v

7.2 Sensor Simulation

The sensor simulation extends the capability of COSIMIR to simulate complete
workcells. Many sensors used in production automation can be parametered and
simulated realistically. Moreover the visualization of measuring ranges helps to prevent
errors in the planning stage. This cannot be done in reality.

Availability Industry Education
COSIMIR® Professional v v
COSIMIR® Industrial not available not available
COSIMIR® Educational - v

7.3 Trajectory Generation

This extension for COSIMIR® provides an automatic face-oriented trajectory
generation which is a powerful functionality for developing robot programs for coating and
ablation processes. Using this feature the effort for programming is minimized as well as
the results are optimized.

Availability Industry Education
COSIMIR® Professional optional optional
COSIMIR® Industrial not available not available
COSIMIR® Educational - v
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7.4 Process Simulation

This module for simulating coating and ablation processes enables the programmer of
a robotic task to optimize the course of production already during the creation of the
program. Moreover he can visually judge the qualitative result of the treatment at the
same time. Thus lengthy tests of a movement program with test objects are not
necessary and the effort for offline-programming is minimized. At the same time the
results of the treatment process are improved.

Availability Industry Education
COSIMIR® Professional optional optional
COSIMIR® Industrial not available not available
COSIMIR® Educational - v

7.5 PLC Simulation

With the PLC-S5/S7 Simulator for COSIMIR® S5/S7 programs can be interpreted.
Several PLCs can be modeled in each workcell. While loading a PLC in a workcell the
corresponding PLC program is loaded, too. You are able to change or edit this PLC

program.
Availability Industry Education
COSIMIR® Professional optional v
COSIMIR® Industrial not available not available
COSIMIR® Educational - v

7.6 Camera Cruise

The Camera Cruise for COSIMIR® provides the saving of different views of a workcell.
During simulation these views are recovered in rotation. A new view between two views is
determined by linear interpolation. Thus the viewpoint moves uniformly. You can also
save a Camera Cruise in a video file (Windows™-AV]I).

Availability Industry Education
COSIMIR® Professional v v
COSIMIR® Industrial not available not available
COSIMIR® Educational - v

7.7 Action Object

Use Action Objects in COSIMIR® to execute different actions because of output values
of any object. To configure the inputs of an Action Object change the Properties for input.
Possible actions are output of message, display of pictures and HTML pages, switching
of light sources as well as playback of audio and video files.

Availability Industry Education
COSIMIR® Professional optional optional
COSIMIR® Industrial not available not available
COSIMIR® Educational - v
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8.1 Keyboard Usage

Key
SHIFT+F5
SHIFT+F4
ALT+F4

F7
SHIFT+F7
F8

F9
SHIFT+F9
CTRL+N
CTRL+O
SHIFT+F12
F12
CTRL+P
CTRL+A
ALT+EINGABE

CTRL+X
CTRL+C
CTRL+V
CTRL+K

CTRL+E

CTRL+T
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Shortcut

Cascade windows.

Tile windows.

Quit the program.

Displays the joint values of the robot.
Displays the tool coordinates in world coordinates.
Displays the window Teach-In
Displays the input signals.

Displays the output signals.
Command File New

Command File Open

Command File Save

Command File Save as

Command File Print

Command Edit Select all

Command Edit Properties

Command Edit Cut: Cuts the selected text out of the window and puts it into the
clipboard.

Command Edit Copy: Copies the active window or selected text into the
clipboard.

Command Edit Paste: Pastes the contents of the clipboard into the active
window.

Opens the dialog box for configuration of coordinate systems. Select here which
coordinate systems shall be displayed.

Toggles between Edit Mode and Simulation Mode

Opens or closes the Model Explorer.

The following shortcuts depend on the type of the activated window.

These shortcuts are available in case of an activated workcell window:

Key
CTRL+L
T KEY

“ e KEY

m xn r >» Cc < O
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Shortcut

Opens the dialog box for setting the point of view to the workcell.
Activates the command zoom-in. It magnifies the view of the workcell.
Activates the command zoom-out. It reduces the view of the workcell.
Activates the command default settings.

Activates the command front view.

Activates the command rear view.

Activates the command top view.

Activates the command left side view.

Activates the command right side view.

Activates the command full format.
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Key

F11

SHIFT+F11
CTRL+F11
SHIFT+CTRL+F11

CTRL+D

Shortcut

Switches to wireframe representation.
Switches to filled surfaces representation.
Switches to flat shaded representation.
Switches to smooth shaded representation.

Opens the rendering dialog box to set the quality and speed of the workcell
representation.

These shortcuts are available in case of an activated programm window:

Key
CTRL+PAGE UP
CTRL+Q
CTRL+Y

CTRL+S

8.2 Abbreviations

Abbreviation
COSIMIR®
NLP

TCP

Shortcut

Resets the program to the beginning.

Continues or starts the current robot program.

Continues or starts the current robot program in cyclic mode.

Stops a running program.

Description
Cell Oriented Simulation of Industrial Robots
Native Language Programming

Tool Center Point
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