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The new version

The current version EASY- ROB™ V4.007 contains a lot of new features which will be explained, using the
example workcell ,Spotweld_demo.cel“. The most important development is the multiple kinematics, which
have a significant impact on the EASY-ROB ™ operating concept. Furthermore additional operating
elements, ERPL/ERCL commands and API C-functions, which should facilitate the planning, layouting and
simulation of robot work cells, have been added. But this release is also a milestone on the long road of
success. The new functions are helpful and bring an advantage, but they also come with new requirements.

At this point we would like to thank our customers and users, who keep up the development in the right
lane, giving us good advices and proposals.

Thank you
Stefan Anton

EASY-ROB
3D Robot Simulation Tool
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Work cell ,,.Spotweld_demo.cel“

The Zip-archive ,Projects-v4007.zip” contains several examples. Please unpack the Zip-file with its sub-
folders to an appropriate directory on your hard disk.

Start EASY-ROB™ and load the work cell ,Spotweld_demo.cel®. As soon as the work cell is loaded

completely, click ,Run” > , to start the linked program ,spotweld_demo.prg“ and the Mimic-file
,spotweld.mmc". You can see how the robot is grabbing a spot welding gun and starting to weld some
sports on the work piece. While the simulation is running some prospects respectively view-files
,spotweld_n.vie” are loaded, so that the scenario can be observed in an optimal way. Furthermore the
collision check has been activated. If there is a collision between the geometries of the robot and the
kinematics, the collided parts will be colored red and the not-collided will be colored blue. This helps you to
localize the locations of the collision.

ERC RED_BLUE._
ERC STOP_COLLISION ON

minimal collision distance 30.867 mm

The Spotweld-cell consists of three kinematics. The first kinematic is the 6-axis articulated robot, named
DB500. The second kinematic is the spot weld gun “SPOTWELDGUN?”, the third the fixture with the work
piece “WELD FIXTURE”. The Kinematics Window gives you a good overview of all loaded kinematics.

ROBOT

You can open the ,Kinematics Window” by using the Short-Key ,Ctrl+K®, or double click on the *** Icons or
using the Menu “View > Open Window Dialogs®. You can also keep the dialogue open, while the simulation
is running.

| Open Window Dialogs b v Teach Window ~ Kinematics Window E] [
Program Output Window
#2/3 SPOTWELDGUM 16783501
v Kinematics Window Chrl+K sl Robat ‘
3D-CAD Window Fick Fobat
Tag Window felliach
. Narne SPOTWELDGUN H2 UnlLoad
w Message Window Chrl+m Mltachedto  Rel_Grab 'DBSON (Grp_Fobot) 16342731 laipload
v Mavigabor Window Chrl+H Base 0.0 -0.0 0.0 [rm] 7
M Vi o) Wi gd Dial i, - 0.0° 0.0° 160.0° -Attrlbutes
enu: View > en Window Dialogs Tep -155.0 0.0 B20.0 [mm]
P 9 Oi-> 00700 1800°
Tool 0.0 0.0 2400 [mm)
Oni. = 0.0° 0.0°180.0°
Tep Track Ref_Int
Start
Condition
Reset
Refresh
Kinematics Window dialogue

You can find more information in the pdf-document ,Operation-References_Multiple-Kin.pdf“.
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Unlike the operating philosophy of previous EASY-ROB™ versions, our work cell has an empty Body-
respectively Environment-Group. Normally we would have added the two geometries of the
‘WELD_FIXTURE” kinematics to the ,Body-Group’ and positioned them individually afterwards. EASY-

ROB™ V4.007 is now:

- One kinematic will be created for each geometry-group. The created ,accessory®-
kinematics has one rotational axe in z-direction per default. Many geometries can
be assigned to this kinematics. By moving the kinematics respectively the robot-
base all geometries which belong to the group will be moved, too.

A new kinematic can be created directly out of the Kinematics Window. By clicking on the ,Create-button’
and choosing ,Accessory Kinematics’, a new kinematics with the name ,Accessory-Robot#4’ and one Rz-
axe will be created. Furthermore simplified robot geometries (one orange-colored box for the base and one
yellow-colored cylinder for the first axe) can be created optionally for each axis. These geometries can be
replaced in the ,3D-CAD Window’ by importing suitable CAD geometries.

1 Kinematics Window

#1/3 DBS00 1833427391

.
N|=[%

Create new 1-12 DOF Denavit Hartenberg Robot
Create Simple Robot Geometries for 'DBS00"
Quit

Current selected ltem
1 - Create new Accessony Bobaot

Create a new ,Accessory kinematics’
as ,Universal Robot" with one DoF Rot(z,q1)

() enal)
Fick Robot
Re Attach
Mame DBS0O #1 UnLoad
Mtachedto  Ref ‘world klikoda)
Base -2R00.0 0.0 0.0[mm] .
Ori. > 0.0°0.0° 0.0
Tcp 2318.4 2357 821.2 [mm)]
Oi-> 1158892 345"
Tool 185.0 -0.0 620.0 [mm)]
Ori, > 0.0°0.0° 0.0 Creat
Tep Track Ref_warld /[
e Start N
I Selection Dialog / m Cetnifian
-H t
zelect Kinematics item / -DK e
1 - Create new Accessory Fobot %7 Cancel
2 -Create new B DOF RRR:RRR Standard M
3-Create new 6 DOF RRR:RRR Back Link
4 - Create new B DOF TTT:RRR Simple
5 - Creat 1-12 DOF Uni | Fiobaot
> Teate new niverzal Robol
7-
a.

Accessory kinematics with simplified default geometry.

" % | .

By clicking on the button E all names, coordinate
systems, axe numbers and joint directions, as well as the
reference compounds of all kinematics will be displayed.
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Concatenation of kinematics

Kinematics can be concatenated. Let's have a look at the robot DB500: The second line in the list of the
Kinematic Window says ,Attached to Ref World®“. So the DB500 is positioned with respect to the world. The
position of the DB500 is described by the ,Base’ = (-2500, 0, 0 ), with respect to the world coordinate
system.

Hint: By clicking twice on the third line, the robot base position can be changed immediately, using the
"’Frame Dialog’.

The same applies to "WELD_FIXTURE’, which is described with respect to the world. The
"WELD_FIXTURE' has to be attached to the base of the DB500, if we want it to be moved together with the
DB500.

To attach "WELD_FIXTURE' to the base of the DB500, the following steps have to be made

1. Choose the actual kinematics "WELD_FIXTURE’, by clicking on the button ,Pick Robot’ in the
Kinematics Window. Choose the "WELD_FIXTURE’ with the LMB.

2. Click the button ,Re-Attach’ in the ,Kinematics Window’.

3. Choose ,2 - Robot Base’
=> Re Attach cRobot WELD_ FIXTURE’ to Robot Base

4. Choose DB500
=> The "WELD_FIXTURE’ moves now together with the base of the DB500

5. Forthe ,Yes“-case and if you want the position of "WELD_FIXTURE’ in space to remain
unchanged, the coordinates have to be transformed accordingly.

<
= = _ Selection Dialog
H3/3 WELD_FIXTURE 18533278 Select new Robet to attach cRobotta 4
2 [se! Fobat . [ toad | 1-WELD_FIXTURE w.r.t Ref_world
Pick Robat 3 . DES00
|[__FeAtach | B2 3-SPOTWELDGUN
WELD_FIXTURE #3 4-WELD_FKTURE :
Fi o oG
1000 0.0 0.0 fmm] .
0.0 0.0 0.0 [mm]
0.0° 0.0 0.0°
UDUD 33 8‘8«["‘“‘] Curent selected It
.07 0.0° 0. urrent selected [bem
Fef_Base 2. DRS00
— . . Start
—! Selection Dialog / Canditior Step 4, choose DB500.
Re Attach cRobot w?( FIXTURE' to
- | vl
12-\F’i\‘r00b”0dt Base EASY-ROB =
3 - Robot Tip Hel )
4-Robot Tep ?/ Keep warld position For "WELD_FIXTURE' ¥
5 - Robot Jaint -
E-Grabto enlar
T - Pick Body 5
8- quit [ Ja l [ Mein ]

Step 5, Transformation of the base, so that the resulting
et staates s osition of WELD_FIXTURE’ remains unchanged. The new
2 - Robot B —

- Robot Base calculated base-position is ( 2400, 0, 0)
Step 1, 2 and 3

Important:  The number of kinematics in a work cell is not limited. You can load and attach as many
kinematics as you wish, with the exception that no closed chains will be formed.

The right is reserved to make technical changes and improvements 7111

EASY-ROB™ Stefan Anton Hans-Thoma-Str.26a 60596 Frankfurt/Main Germany Tel. +49 69 677 24-287 Fax. +49 69 677 24-320 info@easy-rob.com www.easy-rob.com



?-EASY-ROB

3D Robot Simulation Tool

Click the icon g‘ to display the concatenation of the kinematics. The red reference-connections
respectively connection-lines are describing the dependencies of each robot bases.

'WELD_FIXTURE’ w.r.t. ‘DB500’

However, concatenations are temporary and remain only as long as they will be saved. The reason is as
follows: During a simulation run the kinematics are grabbed (example Spotweldgun) and their positions and
joint-positions changed. If the simulation run is aborted with STOP and run again, all kinematics and
geometries jump back into the so called ’Start Condition’. That means that the concatenation between the
"WELD_FIXTURE’ and the ,DB500’ will be dissolved. If you want to keep the concatenation you have to
save it as 'Start Condition’ first.

Hint: Make sure to save the current
concatenation of the kinematics, before
you start the Simulation by clicking on

_ Selection Dialog

Save cRobot "WELD_FIXTIURE' az Start Condition

Bl
&)

1 - Save cRobot Joint Position :
9 & vt o abot Blefsrance s RUN, otherwise all temporary
i-gave cgogoﬁaf Help concatenations will be dissolved.
--2ave chobol | ool
5 - Save cRobot Joints + Reference + Base + Tool todo 7
_ i o do - -
g aaﬁe all Robots Joinks + Reference + Bage + Tool Menu: Simulation >
s Save Start Condition »  Save sl Robots Position and Joints as Start Condition  ChrShift+S
TCP Trace ON{OFF Save cRobot Joink Position s Start Condition
w Colision CNIOFF Save cRobat Reference ko Start Condition
+ RED-BLUE Collsion ONJOFF Save cRobot Base Position &s Start Condition
Current selected Ibem Dynamics QNJOFF Save cRobot Tool Position as Start Condition
2 - Save cRobot Reference Simulation Data Save all cRobot Body Positions as Start Condition
©Open Online Oukput Data Save all cTool Body Positions as Start Condition
Save the current ’WELD_F|XTURE’ Increass/Decrease Steps ¥ Save all Enviranment Bady Pasitions as Start Condition
reference as Start Condition Save cPath as Start Contion
Save all Path Positions as Start Condition
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The 'Spotweld_Demo’ program for the simulation run

The program, Spotweld_Demo.prg ' and the associated Mimic-file ,Spotweld.mmc' — especially the used

Multi-KIN commands - will be explained below.

" Teach Window SPOTWELD_DEMO.PRG, SPOT... |- |

ﬁeload §|[Edit Cur.][ MHew ][ﬁave as][ Save ][ Load ] E|

[ﬁ s ][ Ingert ][ Cut ][ UnCut ][ Copy ][ Paste ][ modif_l,l]

ERC CURREMT_DEWICE SET DBAO0
| Set Default SPEED s and ACCELs

SPEED PTP  20.0000 0.0
ACCEL PTP 40.0000
ACCEL_PTP END 40,0000
SPEED_CP ~ 0.10000.0
ACCEL TP 02000
ACCEL_CP_END  0.2000
SPEED ORI 20.0000 0.0
< ACCEL ORI 40.0000
ACCEL_ORIEND 400000
[Jp—
LIN| ERC LOAD VIEW spotweld_0.vie
— —— ERC COLLISION OFF
Yia || Circ fct grab_gun)
Home 1 TOOLODO 000
PTP path1.7_2
call grab_gun(] LIMT 1
Horme 1 ERC GRAB DEVICE SPOTWELDGLUN
ERC TRACK N lEdeth DEVICE SPOTWELDGUN
ERC COLLISION ON

> RUN | ERCRED_BLUE_COLLISION ON
Cmd. | 'ERC STOP_COCLISION DN

Help | V14_POS path02.T_6

S o S

mflo

malll =3 E

EHEYES
=

Prahtfin

ProgramFile |

CRCT .. . M

Using the ERCL-command “ERC CURRENT DEVICE SET
DB500” the DB500-kinematic will be set active. All following
ERPL- and ERCL-commands refer to the current kinematic.

In order to obtain reproducible results, velocities and
accelerations have been programmed.

The function grab_gun() has the task to move the DB500 to the
position T_2 of the path ,path01’, to grab the kinematic
,SpotweldGun’ and to take over the TCP of the Spotweldgun for
the DB500.

Tool 000 000
PTP path01.T_2

sets the TCP of the DB500 to the Tip
moves the DB500 to T_2 of the path
,path01’. With the syntax 'path01.T_2’ the
tag point T_2 is uniquely determined,
because also the path ’path02’ consists a
Tag-Point 'T_2'
moves the DB500 to T_1 of the current path
path01
ERC GRAB DEVICE SPOTWELDGUN
attaches the kinematic ,SPOTWELDGUN'’ to
the tip of the DB500.
TOOL DEVICE SPOTWELDGUN
sets the TCP of the DB500 to the TCP of
the SPOTWELDGUN
ERC COLLISION ON activates collision check
ERC RED_BLUE_COLLISION ON
activates red/blue-collision

LINT 1

"] Teach Window SPOTWELD_DEMO.PRG, SPOT... |- |

[ Relnad ][Edit Eur.][ Mew ][ﬁave as][ Save ][ Load ] El

[ﬂ E0 ][ Inzert ][ Cut ][ UnCut ][ Copy ][ Paste ] [ modify ]

Base | LINT 19 -]
icall do weld(] IF |
Home | LINT 20

ZE

fet do_weld])
Pick mirnic spok
endfct
fet do_weld])

ERC CURREMT_DEVICE SET SPOTWELDGUN
PTP & 0.5

PTP & 0.000

IERC CURRENT_DEVICE SET DBSO0

ERC CURRENT_DEVICE UNSET
IERC CURRENT_DEVICE SHOW

> Muotio
fet releaze_qunl)
TooLoooooao
= RUM PTP path1.7_2
Crnd LIMT_1
ERC RELEASE DEVICE SPOTWELDGUM

endfct

endfct

Prahin :

The function do_weld() has the task to open and to close the
SPOTWELDGUN

This kinematic will be moved axe-specific and has no inverse
kinematic solution. The following ERC-commands can also be
realized in the Mimic-file with the keyword SPOT. The command
mimic spot can also be run as single set command.

ERC CURRENT DEVICE SET SPOTWELDGUN

activates the Spotweldgun

moves the first axe of the S-Gun about
15mm, afterwards again to Omm.

PTP_AX 0.015

ERC CURRENT DEVICE UNSET

Re-activates the previously active kinematic,
here the DB500.

do not active the DB500 with

ERC CURRENT DEVICE SET DB500
otherwise it is not possible to use the
function do_weld() for a second robot like
DB500#2. In this case the command should
be ERC CURRENT DEVICE SET DB500#2!

Important:

The function release_gun() has the task to move the DB500 to
the grab-point T_2 of the path ,path01’ and to release the
kinematic ,SpotweldGun’. The TCP will be set to the Tip of the
DB500 again.
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See also “EASY-ROB-CMD. txt™
ERPL-, ERCL-Syntax Examples
CALC ‘math expression’ calc a= 0.5

calc b= a * sin (45*RAD)
LIN.REL 0 0 0.1*a 00O

CALC SHOW_VARS

Shows all variables in the Message Window.
Variables with the Prefix $ are system variables

CALC SHOW_USER_VARS

Shows all User-variables (without Prefix $) in the
Message Window.

TOOL DEVICE 'robotname'

Sets the TCP of the current kinematic to the
position of the TCP of the kinematic which is
determined with the name ,robotname’.

ERC VIEW_CHOREOGRAPHY ON,OFF

Activates / deactivates View Choreograpghy
ERC LOAD View commands will be suppressed.

ERC KUD row col value

Sets the value of the kinematic userdata via Row-
and column specification

ERCKUD1 1 1

ERC KUD 12 12 144

ERC KUD Name value

ERC KUD KUD_1 1 1
ERC KUD KUD_12_12 144

ERC SET_PARAMETER $NAME_1 ‘name’

ERC SET_PARAMETER $NAME_1 T_1
ERC SET_PARAMETER $NAME_100 MYROBOT

ERC CURRENT DEVICE SET $NAME_100
LIN SNAME_1

ERC SET_PARAMETER $NAME_RESET

Deletes the content of all SNAME-variables

ERC SET_PARAMETER $NAME_INFO

Shows the content of all SNAME-variables in the
Message Window.

ERC CURRENT_DEVICE SET 'robotname’

Activates the kinematic 'robotname’
All following ERPL- and ERCL-commands refer to
the active kinematic.

ERC CURRENT_DEVICE UNSET

Sets the previously active kinematic to inactive

ERC CURRENT_DEVICE CLEAR

Deletes the kinematic-stack

ERC CURRENT_DEVICE SHOW

Shows all kinematics in the kinematic-stack

ERC GRAB DEVICE ‘robotname’ The current kinematic grabs the kinematic with the
name ‘robotname’
ERC RELEASE DEVICE ‘robotname’ The current kinematic separates from the kinematic

with the name ‘robotname’

The right is reserved to make technical changes and improvements
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ERPL-, ERCL-Syntax

Examples

ERC COLLISION BODY [ROBOT,TOOL]
bodyname OFF, ON=CONVEX, CONCAVE,
CONVEX, BBOX

Sets the attribute for the collision check of the
geometry with the name ,bodyname’ of the groups
BODY, ROBOT or TOOL to OFF, ON=CONVEX,
CONCAVE or BBOX.

ERC Collision Robot Part_1 Concave

ERC COLLISION BODY_GRP
[ROBOT_GRP,TOOL_GRP] OFF, ON=CONVEX,
CONCAVE, CONVEX, BBOX

Sets the attribute for the collision check for all
geometries of the group BODY_GRP, ROBT_GRP
or TOOL_GRP to OFF, ON=CONVEX, CONCAVE
or BBOX

ERC COLLISION QUEUE BODY_ROBOT
ON,OFF

Activates / deactivates the collision check between
the groups BODY vs. ROBOT

ERC COLLISION QUEUE BODY_TOOL ON,OFF

Activates / deactivates the collision check between
the groups BODY vs. Tool

ERC COLLISION QUEUE ROBOT_TOOL
ON,OFF

Activates / deactivates the collision check between
the groups Robot vs. Tool

ERC COLLISION QUEUE GRABBODY_ROBOT
ON,OFF

Activates / deactivates the collision check between
the groups grabbed BODY vs. ROBOT

ERC COLLISION QUEUE GRABBODY_BODY
ON,OFF

Activates / deactivates the collision check between
the groups grabbed BODY vs. Ungrabbed BODY

ERC COLLISION QUEUE ROBOT_ROBOT
ON,OFF

Activates / deactivates die the collision check
between the geometries within one ROBOT_GRP

ERC COLLISION QUEUE BODY_BODY ON,OFF

Activates / deactivates the collision check between
the geometries within one BODY_GRP

ERC COLLISION QUEUE ALL ON,OFF

Activates / deactivates the collision check between
all groups

ERC COLLISION DISTANCE x [mm]

Collision tolerance value, collision will be shown if
the minimal collision distance of two geometries
falls below the value X.

ERC DISPLAY_ROBOT_COORSYS ON,OFF

Activates / deactivates the visualization of the
coordinate systems of all robot kinematics

ERC DISPLAY_ROBOT_NAME ON,OFF

Activates / deactivates the visualization of the
names of all robot kinematics

ERC RED_BLUE_COLLISION ON, OFF

Activates / deactivates Red/Blue collision.
Geometries which collide will be colored red, not-
colliding geometries will be colored blue.

ERC LOAD TAGS ‘tag file name’ Loads a Tag-file *.tag’
ERC LOAD MIMIC ‘mimic file name’ Loads mimic file *. mmc’
ERC LOAD CAMERA ‘camera file name’ Loads camera file *.cam’

ERC PAUSE

Stops the simulation
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