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Module 5: Getting Started
Hands-On Activities (UR Academy Student Module)

Source: Universal Robots Academy, Student Module 5 “Getting Started”. Activities and figures reproduced in
original order; figure numbers follow the source.

Hands-On Activity 1: Review Robot Control Box Hardware

Below we will start our first hands-on activity. We will start by opening the control box. The power
should be off. (Ensure you have approval before working on the robot.)
1. Use the provided key to open the control box.
o This is a dedicated key for the control box. Keep secure with the equipment.

2. Find the various types of Inputs and Outputs (I/0) on the Safety Control Board.

EXTENSION BUS

Figure 5.1A — Controller Available 10
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Figure 5.1B — Controller Wired 10

o Dedicated Redundant Safety Input.
o Configurable 10.
o Digital 10.
o Analog IO.
3. Find the connection points for:
o Teach Pendant.
o Ethernet.
o USB 2.0/3.0.
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Figure 5.2 — Controller Connections
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4. Close the control box and secure the Key.

Hands-On Activity 2: Initialize the Robot

Start the robot up and initialize the arm.

1. Press the Power Button on the teach pendant to start the system.

o The power button will illuminate, and the PolyScope software will begin the boot sequence.
The robot controller and teach pendant will then boot up, displaying the current software
version.

o Ensure the software version matches the latest version released by Universal Robots.
Version 5.12 is the latest as of 8/18/2022.

2. Pressthe red button in the lower left of the screen. It is currently labeled as Power Off. This will
open the initialize screen.

o Verify that the Active Payload matches the physical robot. The end effector should not be
attached, so the Active Payload should read 0.0 kg.

DB 2+ Q8

What would you like to do first?

R = 2

RUN A PROGRAM PROGRAM THE ROBOT CONFIGURE ROBOT
INSTALLATION

) Donit show this message sgsn

Initialize Screen

Figure 5.3 — Screenshot Startup Screen

3. Press the ON Button to supply power to the robot arm.
o Note the Robot Active indicator is yellow. Stay clear of the robot when starting it.
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Start Button

Figure 5.4 — Screenshot of Idle State

4. Press the START Button to release the brakes and move the robot to Robot Operational, or Robot
in Normal Mode.

o Note that the robot will move slightly and make *clicking* sounds. This is normal for the
robot as it releases the brakes.

5. Click on Exit. You have now started up the robot arm!
Hands-On Activity 3: Pendant Navigation

1. From the Getting Started Screen, press the Program the Robot Button.
o Aselection of three icons is present.
o If this selection is not present, move to the next step.

2. Sequence through the following General Header Icons by pressing the icon in the upper left of the
screen.
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R

Run

Frogram

P4

Installation

afD

Log

°  Run.

°  Program.

o Installation.
°  Move.

> 1/0.

° Log.

3. Review Footer Icons.

Run —a simple means of operating the
robot using pre-written programs.

Program — creates and/or modifies
robot programs.

Installation — configures robot arm
settings and external equipment.

Move — controls and/or regulates robot
movement.

I/O — monitors and sets live
Input/Output signals to and from the
robot control box.

Log — indicates robot health as well as
any message, warning, or errors.

Figure 5.5 — General Header Icons
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O it Initialize — manages robot state by
going to the initialization screen.

Speed Slider — allows changes to speed
in real time based on a sliding bar.

Play/Pause — starts/pauses the
currently loaded robot Program.

Step — allows a Program to be runin a
E “Step-Through” format (i.e. One step of
the program at a time).

Stop — halts the currently
loaded/playing program.

Simulation — turns Polyscope into a
Simulation environment, program will
run but robot will not. Used for testing.

Figure 5.6 — Footer Icons

o Move the Speed Slider Bar from 100% to 25% by dragging the blue button to the left.
o Note the location of the Play Button, Step Button, and Pause Button.
o Simulation can be switched to ON to allow for testing without robot movement.

4. Press the Program Icon located in the header.

5. Review the Program Tree Toolbar located at the bottom of the window.
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q Search — searches the program for the
requested text

Move Up & Down — Changes the

’ " current position of the selected
command

b C’ Undo/Redo Buttons — Undo/redo the
last command

x Cut — copy’s and delete’s the currently
selected command

Copy — copy’s the currently selected
u command
Paste — inserts the command that was
= last copied
m Delete — deletes the currently selected
command from the program
-

e Suppress — suppresses currently
selected commands/trees

Figure 5.7 — Program Tree Toolbar

o When creating and editing your program, the Cut and Paste function is used frequently.
o The Arrows allow you to move lines of code up and down the program tree as needed.

6. Sequence through the Program Screen Tabs.

o Command.
° This is the default screen.
o Uncheck the “Program Loops Forever” box.

o Graphics.
o Use the Zoom +/- Slider Bar to change the size of the robot image.
o Click on the robot to adjust position on the screen.

o Variables.
o No variables will appear here at this time.

Hands-On Activity 4: Jog the Robot

1. Pressthe Move Icon in the header.

2. Jogthe robot by each axis by pressing the arrows in the Joint Position Window. Start with the
base axis.
o Sequence through to the Wrist 3 axis.

o Start with the robot Feature in View and the robot in a neutral pose as shown in Figure 5.8.
Note the angles of the Joint Position. This position will be the Start Position.

Module 5 Hands-On Activities | Page 7



<unnamed>
default

L @ H

TCP Position

TCP Orientation

O Normal

o While working with the live robot you may increase the speed as you become comfortable

Robot

Feature

Active TCP

View

v | TCP

Tool Position

x| -143.97/mm Rx| 0.001)rad
v | -435.62)mm RY[ -3.166]rad

[+]
z| -197.97/mm Rz| -0.040/rad

Joint Position

Base -91.71
[ ] \ \
Shoulder -98.96
\ \
Elbow -126.22
\ \
- Wrist 1 -46.29
\ \
Wrist 2 91.39 °
\ \
Wrist 3 -1.78 °

ﬂ? Home

A Align

Freedrive

with its operation and movement.

o When working in the simulated environment increase the Speed to 100%. Adjust the robot

0%

Figure 5.8 — Start Position

image position if it is difficult to view the motion.

o Note the change in angular value as each joint is moved. There is also a reference marker

identifying the location of each joint within the working envelope.

While in the View Feature move the robot with the TCP Position Arrows and the TCP Orientation

Arrows.

o Note the blue dot indicating the Tool Center Point (TCP) is shown at the center of the flange

on Wrist 3 since the tool data has not yet been defined.

000 @

Switch to the Base Feature. Move the robot with the TCP Position Arrows and the TCP

Orientation Arrows.

Switch to the TCP Feature. Move the robot with the TCP Position Arrows and the TCP Orientation

Arrows.
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<unnamed>

default

TCP Position

Z+

TCP Orientation

RX+

O Normal

Robot Tool Position

Feature Active TCP

ool ~Tce x| 0.00mm Rx| 0.000/rad
z !
H v 0.00mm RY[ 0.000]rad
f
x : [+]
i z|  0.00mm Rz| 0.000/rad
Y+ H @
P
[
1 Joint Position
X+ 1
! Base -91.71
i 1
: [ ]
Shoulder -98.96
[ N ]
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ Elbow -126.22
24 \ R ]
RY-
Wrist 1 -46.29
[ N ]
RX- Wrist 2 91.39 °
[ i ]
Wrist 3 -1.78 *©
RY+ ﬂ? Home A Align Freedrive » |

000 @

Sp

Figure 5.9 — Feature - Tool

o Note the Z+ and Z- direction of motion on the robot has switched.

6. Pressthe Home Button.

o Note the difference between the current robot position and the Home position.
o Use the “Move robot to: New position” to move the robot to Home.

o

o

o

Note the simulated motion.

You must hold the “Move robot to: New position” to continue motion. This is a safety
feature to avoid collisions.

If you encounter an interference you can switch to Manual and navigate past the
obstacle.

When the robot reaches the Home Position it will prompt you to continue.

o Move the robot back to a neutral pose.

7. Press the Align Button.

o Use the “Move Robot to: Aligned Z-Axis” button to align the Z-Axis of the TCP with the Base
Z-Axis.

8. Press on Freedrive in the User Interface (Ul).

o For this exercise, you will use the Freedrive Button on the Ul to allow the robot to be moved
manually. There are four modes available. Use the Custom settings in Figure 5.10 to move
the robot manually.

o

o

o

All axes are free.

Translation.

Plane.

Rotation.

Custom: Various combinations of X, Y, Z, RX, RY, RZ.
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<unnamed>

default

TCP Position Robot Tool Position

Feature Active TCP
View - | Tce x| -143.97/mm Rx| 0.001)rad

d

+]

" Freedrive
Press & Hold d

Constrained Control
Active TCP: TCP

f Feature: Base v

&S L % X

TCP Orientation

All axes are free
| x C®| ]
E=]

Wrist 3 -1.78 *©

ﬂ? Home A Align Freedrive >

o 0 O Simulation

O Normal

Figure 5.10 — Custom Settings

o Repeat this exercise using the Freedrive Button on the back of the TP to allow the robot to
be moved manually. Note that you still need to control the mode desired in the Ul.

o When using the simulator, the Freedrive Window will display the settings. Simulating the
robot motion is not available.

Hands-On Activity 5: Setup Tool Center Point (TCP)

1. Use your End of Arm Tooling (EOAT) for this exercise.
o Note that there are several manufacturers of grippers in the UR Caps program.

2. Press the Installation icon located in the Header.
o From the General pulldown menu, located on the left, select the TCP tab.
o If the payload has not been set, the 0.0 kg entry will be highlighted yellow.

3. Use a ruler to obtain the TCP dimensions from the tool flange.
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Position

X 0.0I mm
h 0.0/ mm
7 0.0/ mm

/, -
415

Figure 5.11 — Measuring TCP

4. Use a drawing or CAD data to obtain the TCP dimensions from the tool flange, or

5. Use the setup Wizard to estimate the TCP dimensions from the tool flange.
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X | 0.0; mm ‘
Y 0.0 mm /7 Measure
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— o =

Teach TCP Position
@ Cocsated postion
[-19.04, 5106, 34.24)
Move the TCP to the came postion from diferert sngles
i —
Modify point 1 |
[yt s |
| @Moatypont2 |
| @uisy s |

[ B3y <R RN PG |
@ Modity point 3 |

| @moarty pone 4 |

| 2 | &Tcr v

Position
X -19.04 mm
Y -91.06 mm

z 34.24 mm

Figure 5.12 — TCP Wizard

Hands-On Activity 6: Setup Payload

1. Use ascale to obtain the gripper weight which is the initial Payload value.
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<unnamed>

default

Payload Visualization

TCP -
M+ Gripperonly ~ w
Payload .
Payload +/ Set Now
Mounting
Mass 0.100 kg
1/0 setup
Center of Gravity #
Tool 1/O -
Cx 0.00/ mm /Measure
Variables oy .00 mm ’
Startup cz 0.00 mm |_;
Smooth
Transition
Home :
Conveyor Inertia (kg m?)
Tracking

[ Use custom Inertia Matrix

Screwdriving v Y z Tool Flange

0.000033 |  0.000000/ | 0.000000 ¥ v
: 0.000000 | 0.000033/ | 0.000000
z 0.000000 0.000000] 0.000033 . .

o Inertia given with origin in the CoG and the axes aligned with the
tool flange axes.

@ v 000 @

Figure 5.13 — Payload Entry

o The payload should not exceed 3.0 kg for the UR3e robot.

o The payload should not exceed the max payload for the UR Robot. This is based on the
robot’s name/number:

o 3.0 kg for UR3e,
o 5.0 kg for UR5e,
o 12.5 kg for UR10e, and
° 16.0 kg for UR16e.
o The payload will need to be modified in the program when handling a part.

2. Other options/considerations:

o Use a drawing or CAD data to obtain the gripper weight which is the Payload value, or
o Use the setup Wizard to estimate the gripper weight which is the Payload value.

Hands-On Activity 7: Setup Center of Gravity (COG)

1. Use a drawing or CAD data to obtain the COG location for the gripper, or
2. Use the setup Wizard.
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UR Train

Payload Estimation Steps (1/6) - Overview

Qverview The robot can estimate the payload and Center of Gravity with 4 different TCP positions.
When the four positions are set, the robot performs the calculations. You must vary TCP
positions to avoid repositioning.

@ Position #1 _ _ o § i
The four illustrations below is only for inspiration to create 4 different robot positions.
@ Position #2
\ v
@ Fosition #3 oh
@ Fosition #4
Finalise

«Preu.uus Next. @ Finish Cancel

O Normal

Figure 5.14 — COG Wizard

Hands-On Activity 8: Saving Files

1. Pressthe Save icon located in the Header.
2. You have the option of saving the program file, installation file, or both.

3. Click to save both the Program File and the Installation File. Save the program file as UR
TRAINING CELL.

RS2 & Q

Hew e

L

gripper_tutorial.urp

Modiule 6.urp

Module 7.urp
Put_into_box_E-serles_UR3.urp
UR Training Cellurp

bk xXxPAR@m &

Filename: Filter:

UR Training Cell.urp Universal Robots Program files hd

Save Cancel

O Normal

Figure 5.15 — Saving Files
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Hands-On Activity 9: Trace the Conveyor Using Different Methods

1. Go tothe Move Tab.

2. Adjust the speed using the speed slider as you approach objects. Note: Slower speed settings will
provide smaller move increments each time a move button is pushed.

Move the robot to the Start Position (Figure 5.8).

4. Use Freedrive to move the robot slowly in free space.
o Use the custom constrained mode selecting X, Y, Z, RZ.

o ltis easy to violate safety in the most sensitive settings. If the robot alarms you can reset
and continue.

o Freedrive is good for a quick reach check.
o Freedrive is good for recovering from a crash condition.

5. Hover the robot gripper approximately 25 mm above the corner of the conveyor above the sensor
at that location.

i .1 5 A

Figure 5.16 — Conveyor Corner
6. Select View from the Feature dropdown menu. Using this setting, move the robot to follow the
outline of the conveyor with the gripper or EOAT.

7. Select Base from the Feature dropdown menu. Using this setting, move the robot to follow the
outline of the conveyor with the gripper or EOAT.

8. Return the robot to the Start Position.
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9. Use the Tool Feature to move up and down in the Z direction. Start with -Z as it is in the opposite
direction of the View and Base Features.

10. Practice rolling the wrist about the Start Position using the arrows in the TCP Orientation window.

11. Return to View Feature. Put the robot in the pose shown in Figure 5.17. Move the robot in the Z+
and Z- directions. Switch to the Tool Feature and move up and down in the Z direction. The Tool
Feature is useful for programming the loading and unloading of parts into machines at angles.

<unnamed>
default

TCP Position Robot Tool Position

Feature Active TCP
Tool ~ | Tcp x| 0.00mm Rx| 0.000]rad
Z+ Z '
i v[ 0.00mm RY[  0.000/rad
i
i +
x : [+] z|  0.00mm Rz| 0.000rad
Y- Y+ ! o
1
i Joint Position
X+ 1
: Base -91.71 °®
[ I 1 ]
TCP Orientation 1
Shoulder -98.96 °
[ N ]
"""""""""" Elbow -126.22 °©
Rz Rz [ N ]
RY-
Wrist 1 -46.29
[ N ]
RX+ RX- Wrist 2 91.39
[ i ]
Wrist 3 -1.78
RY+ ﬂ? Home A Align Freedrive |

@ e *- 000 @

Figure 5.17 — Tool Feature Z Axis Movement

12. Return to the View Feature and Align the robot to the starting plane.

13. Return to Start Position.
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Module 6: Operations and Motion
Hands-On Activities (UR Academy Student Module)

Source: Universal Robots Academy, Student Module 6 "Operations and Motion". Activities and figures reproduced
in original order; figure numbers follow the source.

Hands-On Activity 1: Programming with Joint Moves

1. Make sure the robot is still in the Start Position in the UR Training Cell program.

2. Place a block in the nest on the right side of the conveyor.

Figure 6.1 — Block Location
3. Create a new program named JTrace by using the Save As command.
4. Program with Joint Moves to trace the conveyor.

5. Use the following parameters.
o Speed at 50%.
o Default settings for the joint moves. The default speed is 60 degrees/sec.
o No blending radius on the Waypoints.
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Move
Waypoint
Direction
Wait

Set
Popup
Halt
Comment

Folder

O Normal

6. Save the Start Position in the program.

1 ¥ Robot Program

2 9 «b Move]

3 ® Waypoint_1
4 ® Waypaint_2
5 ® Waypoint_3

Variables

Move

.Mavej

Specify how the robot will move between waypeints.

The values below apply to all child waypoints and depend on the selected movement

type.

Set TCP
_USE active TCP

Feature

Base

O Use joint angles

L - N ol =

Joint Speed

60.0/°/s

Jeint Acceleration

Figure 6.2 —Joint Move Screen

80.0 °/s?

o Create a Waypoint and name it Start Position. Set the point in a neutral pose over the

conveyor.

o Note: The program must be at this first point to run the program.

UR Trai

TCP Position

TCP Orientation

O Normal

UR Trainir
Robot Tool Position

Feature Active TCP ) )
\iew | TCP X | 303.05mm RX 2.165 rad
v[ 121.97/mm Ry| -2.282|red

[+
Z| -253.94mm RZ -0.009 rad
ir ©  Joint Position
Base 90.00 °
+ [ ]
Shoulder -90.00 °
I C i ]
N Elbow 90.00 *
Y I ]
= |— Wrist 1 -90.00 °
[ 1 1
Wrist 2 -90.00 °
[ N ]
Wrist 3 1.00 °
ﬂ? Home A Align Freedrive > [ I ]
OR

Figure 6.3 — Neutral Pose

7. Save the Corner 1in the program.

o Create a Waypoint and name it Corner 1.
o Set Waypoint.
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o Move to the right to reach the edge of the conveyor using the right arrow in TCP Position.
o Select OK.

8. Save the Corner 2 in the program.

o Create a Waypoint and name it Corner 2.

o
o

o

9. Sav

o

10. Sav

o

Set Waypoint.
Move to the front edge of the conveyor using the approach arrow in TCP Position.
Select OK.

e the Corner 3 in the program.
Create a Waypoint and name it Corner 3.
Set Waypoint.
Move to the left side of the conveyor using the left arrow in TCP Position.
Select OK.

e the Corner 4 in the program.
Create a Waypoint and name it Corner 4.
Set Waypoint.
Move to the right to the edge of the conveyor using the right arrow in TCP Position.
Select OK.

11. Linking Waypoints.

Open

yo Lo - Haw. Save.

Move
¥ Robot Program
Waypoint @ & Move) Waypoint
® Waypoint_1 -
e W t_1 A d
Direction ® Waypoint_1 aypoint_ m
Wait )
=
Set
Popup
| Edit pose
Halt
C t
Folder
> Advanced
> Templates @ stop at this point (O Use shared parameters .
O Blend with radius @ [[cint Speed 60| /s
0 Joint Acceleration 80| ¥/s2

Time 2
O

PO BT = [+ | Add unti

O Normal Speed & _ ° 0 o E.m-.-._:la[n::n.

Figure 6.4 — Linking Waypoints

12. Create a Waypoint and link to Corner 1. Move to that position.

13. Create a Waypoint and link to Start Position. Move to that position.
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[Trace+ D i E
N open.  Save

UR Training Celi*

N

e 1 ¥ Robot Program A

Waypoint 2 ¢+ Move) Waypoint
3 ® Start_Position M — -

Direction ; S Com 1 Start_Position %

Wait 5 ® Corper_2

Ferrs 7 ® Correr_4 :
8 ® Cormer_1 | Edit pose I

Halt 9 @© Start_Position

Comment
4 r Move here
Folder

) Advanced
» Templates @ Stop at this point @ Use shared parameters

Blend with radius oint Speed 60
> URcaps O : Q1 P

Joint Acceleration 80

Time 2.0
@)

285X B E.§ [+ | Add unti

O Normal

Figure 6.5 —JTrace Program

1. Run program by pressing Play. Press Pause immediately to step through the program one move at
a time using Next.

2. Save the program.
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Hands-On Activity 2: Programming with Linear Moves

1
2
3.
4

5.

Create a new program named LTrace by using the Save As command.

Program a Linear Move to trace the conveyor.

Change the JMove to a LMove.

Use the following parameters.

o Set speed for linear moves at 125 mm/sec.
o No blending radius for the Waypoints.

Waypoint
Direction
Wait

Set
Popup
Halt
Comment

4
Folder

O\ m Graphics Variables

1 v Robot Program
2 ¢ + Movel

3 @ Waypoint_1
4 ® Waypoint_2
5 @ Waypoint_3

R A-RS g Nl =

Move Movel. -
Specify how the robot will move between waypoints.

The values below apply to all child waypoints and depend on the selected movement

Set TCP Tool Speed

Use active TCP A 250.0 mmyjs
Feature Tool Acceleration

[Base - | [ 1200.0| rmys2

O Normal

Run program.

Figure 6.6 — Linear Move Screen

6. Save the program.
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Hands-On Activity 3: Programming with Process Moves

1. Create a new program named PTrace by using the Save As command.
2. Change the LMove to a PMove.

3. Program a Process Move to trace the conveyor.

Move ; :
w : 1 ¥ Robot Program Move MoveP hdl|
Y 2 ¢« MoveP Specify how the robot will move between waypoints.
Diraction 3 » ® Waypoint_1
4 @ Waypoint 2 The values below apply to all child waypeints and depend on the selected movement
Wait 5 Waypoint_3 type
Set Set TCP Tool Speed
Popup Use active TCP hd 250.0 mmys
Halt
Feature Tool Acceleration
Comment r r
y [Base - 1200.0 mm/s?
Folder '

Blend with radius
> Templates O L 25.0 mm

@
" b ladit 4 - E ] § Add circle move

O Normal

Figure 6.7 — Process Move Screen

4. Reduce Speed to 50 mm/s. Process Moves maintain constant TCP speed and require lower
speeds.
5. Run program.

6. Save the program.
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Hands-On Activity 4: Programming with Circle Moves

1. Create a new program named CMov by using the Save As command.

2. Program a Circular Move to make an arc from the Start Position.

RS2 + Q

un Program fation __ Move vo Log - Qpen B
Move
1 v Robot Program CircleMove
Waypoint 2 9 & MoveP
3 © Start
Direction 4 = A circle move is made using three
Wait ? CircieMove waypoints: the waypoint preceding the -
5 ® \iaPoint_1 CircleMove node, waypoint (1), the ViaPoint e o)
Set 6 @® EndPoint 1 (2) and the EndPoint (3) .
Popu When in fixed mode: (
S The orientation of this movement is defined
Halt by the start point of the robot thus the /
robot will keep that orientation relative to /
Comment the circle through the via and end points of e I'
4 p the movement. o
Folder [

Select mode for orientation relative to the circle

@) Fixen

O uncenstrained

: E BoRSl e Nl =

O Normal

Figure 6.8 — Circular Move Screen

o Use 3-point method.
3. Keep the Start Position.
4. Delete all the Corner points in the program.

5. Select the Add circle move in the Move Command window at the bottom.
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e 1 ¥ Robot Program

CircleMove
Waypoint 2 ¢ b MoveP

rt_Position
Direction 3 © Start_Positio A circle move is made using three
Walt ey C‘]'CEMO_VG waypoaints: the waypaint preceding the
5 ® ViaPoint_1 CircleMove node, waypoint (1), the ViaPoint a ° \\

Set 6 ® EnaPoint_1 (2) and the EndPoint (3). _
Popup 7 © start_Position When in fixed mode: ‘/ﬂy

The orientation of this movement is defined )
Halt by the start point of the robot thus the /

robot will keep that orientation relative to !
Comment the circle through the via and end points of - {

1 p the movement.

Folder “

> URCaps Select mode for orientation relative to the circle
@ Fixed

O Unconstrained

49 XERETZ

|

O Normal

Figure 6.9 — CMov Program 1

o Fixed method maintains the tool orientation at the pick point for the rest of the circle points
within this move.

Teach Endpoint by moving the robot to the front side of the conveyor using the approach arrow.

Teach ViaPoint by moving back to the center of the conveyor and moving to the right 65 mm by
increasing the value in the Y direction.

Return to the Start Position and Run program.

Within the Circle Move select the Unconstrained method.

O\ m Graphics Variables

Move
Al .
1 Robot Program CircleMove
Waypoint 2 ¢ <k MoveP
3 ® Start_Position
Direction a - A circle move is made using three
pr— @ ¥ CircleMove waypoints: the waypoint preceding the
5 © ViaPoint_1 CircleMove node, waypoint (1), the ViaPoint { o
Set 6 » @ EndPoint_1 (2) and the EndPoint (3). -
Popup When in uncenstrained mode \ /9/
The orientation from the start point will /
Halt transform to the orientation of the :
EndPoint.
Comment e
(] 13 L]
Folder "

) Advanced
> Templates
> URCaps t mode for orientation relative to the circle

“ixed

&y Unconstrained

®
43S XBHEEZ

O Normal

Figure 6.10 — CMov Program 2
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o Unconstrained method will start with the orientation at the first point and will transform to
the orientation at the end point.

10. Return to the Start Position and Run program. Note the difference in the rotation of the tool.

11. Creating a complete circle.

Q Command m Variables
e BRI
Waypoint 2 @ & MoveP ? ? &

© Start
¢ ¥ CircleMove EI
©® ViaPoint_1

Direction
Wait
Set

# ® EndPoint_1
? ¥ CircleMove 'a
Poy .
P ® ViaPoint_2
Halt ® EndPoint_2 - ®
Comment

[T U, T R )

Folder N P ‘

(

@
RS XBRETZ

Figure 6.11 — Completing a Circle

12. Add another MoveP using:
o 50 mm/s speed.
o Link Waypoint 1 to the EndPoint 1.
o Link Endpoint 2 to Start Position.
o Set ViaPoint 2 by moving to ViaPoint 1 and moving to the left 130 mm by decreasing the
value in the Y direction.

13. Add a Movel at the end of the program and link to the Start Position. Notice how it resets the
rotation of the wrist axis.
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Move
Waypoint
Direction
Wait

Set
Popup
Halt
Comment

Folder q

T -

RES oo ~owuswnr

Q “ Graphics Variables

¥ Robot Program Move

MoveP v |

¢ <k MoveP Specify how the robat will move between waypoints.

© Start_Position
¢ v CircleMove

The values below apply to all child waypoints and depend on the selected movemernt

50.0 mm/s

1200.0] rrm/s?

@ ViaPoint_1 type.
© EndPoirnt 1 Set TCP Tool Speed
¢ b MoveP
i P
© EndPorrt 1 Use active TC -
¢ v CircleMove Feat Tool Accelerati
@ ViaPoirt_2 eature ) Tool Acceleration
© Start_Position s ‘9559 v
¢« Move|
» ® Start_Position Blend with radius
m]

@
. " b T 4 . E [i1] § Add circle move

25.0/mm

14. Save program.

15. Run program.

Figure 6.12 — CMov Program 3
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Hands-On Activity 5: Optimizing Motion Speed

1. Speed and Acceleration of a Move command.

Q n Graphics Variables

Move Movel -
Specify how the robot will move between waypaints.

¥ Robot Program
Waypoint @+ Movel

® Waypoint_1
Direction . ’ .

® Waypoint_2 The velues below apply to all child waypoints and depend on the selected movement
Wait @ Waypoint_3 type.
Set Set TCP Tool Speed
Popup Use active TCP v 250 mm/s
Halt Feature Tool Acceleration
Comment Base hd 1200 mm/s?

4 3

Folder

O
> Advanced
> Tarwas

L B A-ES Nl ==

O Mormal

Figure 6.13 — Joint Move Settings

Move ¥ Robot Program

Waypoint @ b Move)
@ Waypoint_1 - - §
= W -
Direction © Waypoint_1 aypoint_1 H
Wait

Set

Popup |

Waypoint

Edit pose |

Halt

Comment

Folder ! v _m
@ Stop at this point

Q) Blend with radius
0

@ ot speed

Joint Acceleration 80 °/s?

O Time ' 2

285 - xEEED [+ ] Add unti

O Mormal

Figure 6.14 — Linear Move Settings

2. Speed, Acceleration and Time of a single point.
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RE 2 + 2

Program | instalition  Move o

Move

¥ Robot Program
Waypoint ¢ b Move|

® Waypoint_1 r - |
_ W -
Direction © D [Z ] |waypoine_1 ==
Wait "
| setwepon | I

Set |
Popup |
Halt

—
4 [ 4

Folder

> Advanced
) Templates @ Stop at this point

Waypoint

Edit pose |

(O Blend with radius (@) 60 °/s
0 Joint Acceleration [ 80 °fs?

O Time 2

Add Until

S XKBRTE=

O Normal

Figure 6.15 — Optimizing a Single Point

3. Open JTrace and insert the Timer commands.

Move

1 ¥ Robot Program Variable ~ Value
Waypoint 2 ® timer_1: Start timer_1 4.63
Direction 3 9« Move)

4 ® Start_Position
LR 5 ® Corner_1
Set 6 ® Corner_2

7 @® Corner_3
dhateny 8 ® Corner_4
Halt 9 @ Corner_1
Comment 10 @ Start_Position

4 11 ® timer_1: Stop B

Folder 12 =@ Hat

Set Payload

' . 9 c * ! m = O Show Waypoints
5 : Simulation .

O Normal

Figure 6.16 — JTrace Timer Code

o Run the program once and write down the initial cycle time.
o Blend the four Corners with a 25 mm radius and run again.
o Compare the two cycle times.

o How much did the cycle time improve?

o Click on the variable tab to see the results in timer_1.
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4. InJTrace increase the joint speed on the Movel (default is 60 °/s).
o Change to 120 °/s and run the program.
o Compare this cycle time with your previous cycle time. Is your speed limited by your safety
settings?
5. InJTrace increase the joint acceleration on the MoveJ (default is 80 °/s?).
o Change to 150 °/s? and run the program.
o Compare the two cycle times. Is your speed limited by your safety settings?
o Did velocity or acceleration have a bigger impact?

6. Now do the same with LTrace. Open LTrace and insert the Timer commands.

a2+ K o bomod

Program | Installation  Move

Ad d .

1 v Robot Program Variable ~ Value
Loop 2 ® timer_1: Start timer_1 5.552
SubProg 3 9« Movel

4 @ Sstart_Position
Assignment 5 ® Corner 1
If 6 © Corner_2
7 © Corner_3
Script -
P 8 ® Corner_4
Event 9 @® Corner_1
Thread 10 © Start_Position
Switch q 11 ® timer_1: Stop I
wite 12 »O Halt
Timer
Home
> Templates
235 XEBDZ O cowwapons

Simulation .

Figure 6.17 — LTrace Timer Code

o Run the program once and write down the initial cycle time.
o Blend the four Corners with a 25 mm radius and run again.
o Compare the two cycle times.
o How much did the cycle time improve?
7. InLTrace increase the tool speed on the Movel (default speed is 250 mm/s).
o Change to 350 mm/s and run the program.
o Compare this cycle time with your previous cycle time. Is your speed limited by your safety
settings?
8. In LTrace increase the tool acceleration on the Movel (default acceleration is 1200 mm/s2).
o Change to 1500 mm/s? and run the program.
o Compare the two cycle times. Is your speed limited by your safety settings?
o Did velocity or acceleration have a bigger impact?
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Hands-On Activity 6: Understanding Singularities

1. Outer Workspace Limits.

o Go to the Corner 2 Waypoint.
o Move robot at 50% speed towards you.

TCP Position Robot Tool Position
Feature Active TCP ) )
View - | TCP X | 361.04mm RX 3.141 rad

v| 265.88/mm Ry| -0.081red

Z| -327.71mm RZ 0.000 rad

Joir

Freedrive

A Constrained Control
- Active TCP: TCP
[ Feature: Base v
N I)

TCP Orientation

# Home ‘ AL Atign Freedrive )

O Normal

Figure 6.18 — Robot Pose at Outer Limits

o Once it errors use the joint arrows to get the robot back into a usable position.
o Shoulder Joint positive.

o Elbow Joint negative.

o Return to Start Position.
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Hands-On Activity 7: Create a Pick-and-Place Program (Waypoints Only)

1. Save a new program file. Name it PPP1.

2. When programming the next activity, use the following parameters.
o Set the Speed Slider in the footer at 50%.
o Use the default speed for the Joint Moves of 60 degrees/sec.
o Set speed for Linear Moves at 125 mm/sec.
o No blending radius in Waypoints.

3. Place a block in the nest on the right side of the conveyor.

Pick Point

e e
T O I e oy

A UR Training Cell*
UR Training Cell

TCP Position | [Robot | Mool Position
Feature Active TCP i
View ~|[Tcr x| 303.08/mm Rx| 2.165|rad
v 121.97mm RY[ -2.282|red
(+] . -

z[ -253.94mm RZ| -0.009rad

l ' ® .]oint Position
Base 90.00 °|
4 [ i 1

TCP Orientation )

I < shoulder -90.00 *
P ! [ N 1
}— < 1 Ebow 90.00 *°
A [ % 1
J |— L Wrist 1 -90.00 °|
[ 7 N L i 1
Wrist 2 -90.00 °|
[ i 1
T wirist 3 1.00 =
#p Home A Align Freedrive — N )

O Normal ) 100% ° 0 o

Figure 6.20 — Start Position
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o Create a Waypoint and name it Start Position.
o Note: The robot must be at this first point to run the program.

4. Activate and Open gripper.
o This action will vary based on the gripper installed on the robot.

5. Add a new Waypoint halfway to the right end of the conveyor; name it Transit 1.

6. Adda new Waypoint about 50 mm above the block in the nest on the conveyor.
o The gripper should be centered to the block in an orientation to grip.
o Name it Approach 1.

7. Add a Gripper Close command to close the gripper and grab the block.

8. Add a new Waypoint after Pick 1.
o Move the robot vertically 50 mm. Link this Waypoint to Approach 1.
o Set Approach 1 to this new location to refine the approach motion.

9. Add a new Waypoint and link it to Transit 1. Move to this position.
10. Add a Waypoint and link to Start Position. Move to this position.
11. Add a Waypoint on the way to the left end of the conveyor. Name it Transit 2.

12. Program a place position in the first location on the provided pallet. Name it Place 1.

Place Point

Figure 6.21 — Block at Place Point

13. Add a Gripper Open command.

14. Program a retract position by moving the robot vertically for 50 mm. Name it Approach 2.
15. Add a new Waypoint before the place position. Link this position to Approach 2.

16. Add a new Waypoint and link it to Transit 2. Move to this position.
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17. Add a new Waypoint and link to Start Position. Move to this position.

o

Step through the program one line at a time. Press Play and then Pause. Use Next to step
through each point.

Run the program for one cycle with the Speed Slider at 50%. Be prepared to hit the E-Stop if
the robot does not move as desired. Remove the block from the nest and place at the pick
position on the conveyor. Run the program for one cycle with the Speed Slider at 100%.
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Hands-On Activity 8: Add Set and Wait Commands to the Pick-and-Place
Program

1. Set payload at 1.1 kg when picking up a block.

LTECZQ';.E

Ingtalation  Move

Graphics Variables

1 ¥ Robot Program S
et
Waypoint 2 - Sor

Select the action you wish the robot to perform at this pont in the program. You can

Direction #50 specify changes in the robat’s payload

Wait ' O Mo Action

Set | O set Digtsl Cutput [<BL.Output> -

Popup I Q) set anslog Ouput W‘ 4.0

Halt - Oset [<oupu> ] ()

Comment O setsingle Puse [<DiOwtput> ¥ | 0.500

Folder A ¥ O Increment instalation variable by one: m

O Set Total Payload  0.00
]

O sexTce

A9 SCXBBERT B

O HNormal

Figure 6.22 — Set Command

2. Set payload back to 1.0 kg when releasing a block.
3. Wait for Digitalln (0) to be ON.

Irstalation M

O\ m Graphics Variables

Move
1 ¥ Robot Program Wait
favecknt | 2 g wat Please select what should trigger the robot's next action;
Direction
Wait | O o watt
Set QO wat 0.01/ secends
Poput O VWait for Digital Input ‘<D\.Ian.t> v
Halt
QO weeit tor |<An.input> - 4.0

Comment ; .

4 Wait for |
Folder » O L

S XBBTD

O Normal

Figure 6.23 — Wait Command
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4. Run program.

o To start the program, you must position the Digital IN (0) switch on the 10 Simulation Test
Box to ON.

5. Save program.
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(Optional) Hands-On Activity 9: Tracing Plates Exercise

1. For additional practice, program the robot using what was learned in this module to trace the two
provided plates that are double-sided.

o You can use the double pointer attachment that is provided. Another option is to take one
pointer from the double pointer fixture and place it between the gripper fingers as shown in
Figure 6.24.

Figure 6.24 — Bonus Tracing Exercises
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Module 7: Pick and Place

Hands-On Activities (UR Academy Student Module)

Source: Universal Robots Academy, Student Module 7 “Pick and Place”. Activities and figures reproduced in
original order; figure numbers follow the source.

Hands-On Activity 1: Inputs and Outputs (1/0)

1. Review I/O Test Box.

)

R
UNIVERSAL ROBOTS

SAFEGUARD

DIGITAL DIGITAL
ouT (0) ouT (1)
DIGITAL DIGITAL
IN(O) IN(1)

Figure 7.1 — /0 Test Box

2. Pressthe 1/O icon located in the Header to show the 1/O screen.
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PPPL D ﬁ

TION. UR Training Cel = e

Run o o
Configurable Input Configurable Output Digital Input Digital Gutput
jeket 5-Guard Reset 4 o) Oa o a ogJOa4
External
saumdran ()3 100s Talar '00s
2 8 2J e 2 6 20 0e
3 7 3007 3 7 3007
Analog Input Tool Pigital Input Toel Digital Output
analog in(0]  eo—0s v Voltage 1] 1 0 D D 1
oV 1o0v
— Current
analog_in[1] EY Y Voltage w - 8
o 1ov
Analog Output Tool Analog Input
Baud Rate 115200
analog_out(0] . Current w Parity Nonhe
4.00 mA
Stop Bits One
analog_out(1) (@) veltage ¥ | gy idie Chars 1.50
@EDY TXIdle Chars 3.50

O Normal Speed C— 100% ° 0 o Smlanm,l. )

Figure 7.2 —1/0 Screen

3. Review I/O for all components in the system.

o

Toggle the Digital IN (0) and IN (1) switches located in the lower left corner of the 1/0 Test
Box. Watch the Digital Inputs change state on the pendant.

Place a block in front of the conveyor’s sensors and watch the Digital Inputs change state on
the pendant.

Digital Inputs
o DI (0)—Toggle Switch 1 on I/O Test Box
o DI (1)—Toggle Switch 2 on I/O Test Box
o DI (2) - Sensor on Conveyor
° DI (3) - Sensor on Conveyor

Press the buttons located in the 1/O Screen on the pendant. Watch the LED lights Digital
OUT (0) and OUT (1) change state on the 1/O Test Box.

Digital Outputs
° DO (0) — Check LED status on I/O Test Box.
o DO (1) — Check LED status on I/O Test Box.

4. Setupl/O

o

o

Press the Installation icon in the Header and select the I/O Setup Tab.
Rename the Digital Inputs and Digital Outputs identified in the previous section.
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i CMov
UR Training Cell

TCP
[an -
Mounting
1/O Setup Input Output
Variabl 0] Toggle_Switch_1 A~ 00§01 LED_1_on_I0_Box ~
& Difl Toggle_Switch 2 L] LED_2_on_l0_Box
Startup DI[z) Pick_Sensor Dof2] digital_out (2]
DIf3) Place_Sensor 00§3] digital_out(3)
Smooth
Transition D4l digital_inf4) 00§4] digital_out(4]
T pisl digital_in[$) DOfs) digital_out(5]
‘?:::kei::;r Dis] digital_in[6] DO[6) digital_out(s]
————— DI7) digital_in[7) 00§7) digital_out(7)
Screwdriving
— TIj0] tool_info] TO[0] toal_sut(0]
Tool /O T tool_infl] v To[) tool_out(1] ~
Home
> Safety Select an /O to configure
» Features
> Fieldbus
> URCaps

O Normal c__ % ‘Simn._:lalion. )

Figure 7.3 — /0 Setup

5. Save the Installation File named UR Training Cell used in Module 6.
Hands-On Activity 2: Create a Pick-and-Place Program

1. Save a new program file. Name your program.
o As an example: Mod7_PickAndPlace

2. When programming the next activity, use the following parameters.
o Set the Speed Slider in the footer at 50%.
o Use the default speed for the Joint Moves of 60 degrees/sec.
o Set speed for Linear Moves at 125 mm/sec.
o No blending radius in Waypoints.

3. Place a block in the nest on the right side of the conveyor.
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Pick Point

~E I I I o

Figure 7.4 — Pick Location

4. Create a Waypoint above the Conveyor and name it Transit.

UR Training Cell* D
o +

UR Training Cell

TCP Position Robot Tool Position
Feature Active TCP .
Miew ~|[Tce x| 308.05|mm Rx| 2.165|raa

v| 121.97)mm Ry| -2.282|red

z[ -253.94mm Rz[ -0.009rad

Joint Position

I Base 90,00 [
[ . 1
TGP Crientation
L Shaulder -90.00 °
F ! [ 1
b L Ebow 90.00 °
[ H —|
B E wirist 1 -90.00 [
[ I : ]
0 wrist 2 -90.00 ° [
[ —)
T wrist 3 1.00 [

# Home A Aign Freedrive ) — — )

O Normal ) 1 00% ° 0 o Sir‘ru_:l:e:ti-?-nc)

Figure 7.5 — Initial Position/Transit Location

5. Activate the gripper and use a command to open its fingers.
o Note: Necessary steps will vary based on gripper/equipment.

6. Move the robot to a position above the block. Add a Waypoint and name it Pick_App.
o The gripper should be centered to the block and have an orientation to grip.

7. Move the robot down to the block where the gripper can grab it. Add a Waypoint and name it

Pick_Pos.
8. Add a command to close the gripper and grab the block.
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o Depending on the equipment we may need to add a Wait Command for the gripper to
close.

9. Add a Waypoint after picking up the block. From here either:
o Move the robot up and set this as a new Waypoint (labelled Pick_EXxit), or
o Link this new waypoint to Pick_App.

10. Add a Waypoint and link it to Transit.
11. Move the robot to a position above one of the spots on the provided tray (as seen in Figure 7.6).
12. Add a Waypoint at this point and name it Place_App.

13. Move the robot down where the block touches the tray. Add a Waypoint and name this
Place_Pos.

Place Point

Figure 7.6 — Place Location

14. Add a command to open the gripper and release the block.

15. Add a Waypoint after dropping the block. From here either:

o Move the robot up and set this as a new Waypoint (labelled Place_Exit), or
o Link this new waypoint to Place_App.

16. Run the program.
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Fun Pragram

Q _ Graphics Variables

Heve 1 ¥ Robot Program
Waypoint 2 9 < Move) Program
Here you can program your robot to do tasks.
Direction 3 @ Transit
4 @ Pick_App To program your robot, select the nodes from the Node List and they will appear on
Wait 5 @ Pick_Pos the Program Tree.
set 3 ; zith:;serfOn Node List Program Tree
Popup - Q
8 @© Transit -
Halt 9 ® Place_App =
B 10 @ Place_Pos
4 11 = Set Gripper=0ff b
ek 12 @ Place_App
Set Payload
—

[0 Add Before Start Sequence
O Set Initial Variable Values

[ Program Loops Forever

A9 XKBRT=
O Normal — o 0 O Simulatio

Figure 7.7 — Example of Pick-and-Place Program

Hands-On Activity 3: Improvements to Pick-and-Place

1. Add a Set Payload Command after picking up the block. Change the payload to equal the weight
of the Gripper and the Part.

Q _ Graphics Variables

Move

1 v Robot Program Select Payload
Waypoint 2 9 b Move
Direction 3 @ Waypoint_1 Payload ohjects are defined in Installation

4 @ Waypoint_2
Wait 5 ¢ & Movel Set total payload
Set 6 ® Waypoint_3 ‘J GripperOnly -
Popup 7 = Set Payload: GripperOnly GripperAndPart
Halt ~/ GripperOnly T

Custom Payload .
DA CETTer o Gravity
il I

Folder ‘ p X 0.00|
Set Payload cy 0.00

+ Set Now

t 2 RS Nl =

O Normal

Figure 7.8 — Set Payload Command

2. Add a Set Payload Command after releasing the block. Change the payload to the weight of the
Gripper.
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3. Add a Wait Command after the robot is at Pick_App. Set it to wait until the Conveyor Sensor is
High.

Graphics Variables

1 ¥ Robot Program Wait
WL K 8 wait Please select what should trigger the robot's next actlon;
Direction
Wait | O o wait
Set o wait | O.Dl: seccnds
Popup O Wait for Digital Input :<Dt‘lnp|..t> hd
Halt
QO watt for [<An.Input> - 4.0

Comment r

4 V/alt for |
Folder r O L

+8SCXBBEZ

O Normal

Figure 7.9 — Wait Command

4. Add a Set Command at the beginning of the program. Set it to turn the Conveyor On/High.

DB 2 ¢ 2 H

Instatatien  Mirve

Q ommand | Graphics  Variables

[ Move

1 ¥ Robot Program [3
0 et
Waypoint 2 - Sol

Select the action you wish the robet to perform at this pont in the program. You can

Direction 850 specily changes In the robot's payload.

Wait ' O No Action

Set | () s bigtal Output [<Ci.ouput> -

Popup I O Set Anglog Output W‘ 4.0

Halt | QO set [<oupu> -~ f(x)

Comment O sex single Puse |<0l.Output> ~ ][ 0.500

Folder p! 2 O Increment instalation variable by one: :m‘

| |

O Set Total Payload  0.00
]

O setTce

O Normal

Figure 7.10 — Set Command

5. Run the program.
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Q _ Graphics Variables

1 ¥ Robot Program Set
eppela 2 %« Move| Select the action you wish the robot to perform at this point in the program. You can
Direction 3 = Set Conveyor=0n also specify changes in the robot's payload

4 @ Transit
Wait 5 ® Pick_App O Mo Action
Set 6 B Walt Sensor_ConvEnd=H| @ Set Digital Qutput ‘Conveyor v HHigh v

7 @ Pick_Pos
Popup . O set Anzlog Ourpue 4.0

8 = Set Gripper=0n
Hait 9 = Set Payload: GripperAndPart O Set )
Comment 10 @ Pick_App O Set Single Pulse 0.500

q 11 @ Transit I»

Folder 12 ® Place_App O Increment installation variable by one:
Set Payload 13 @ Place_Pos

» Advanced = Set Gripper =Off
_ = Set Payload: GripperOnly
2 Templaces © Place_App ) To set payload, please use the 'Set Payload' node
> URCaps
O set TCP

3OS XKBBR@

Figure 7.11 — Updated Example of Pick-and-Place Program

6. Optimize the program by moving the Pick/Place and Exit Locations into MoveL Commands.

o If you used Linked Waypoints, Exit Locations would be the second approach points after the
Pick/Place Locations.

7. Run the program.

Q _ Graphics Variables

Move

1
Wavnoint ¥ Robot Program Prog ram
Ve 2 ® o Move) Here you can program your robot to do tasks.
Direction 3 = Set Conveyor=0n
4 @ Transit To program your robot, select the nodes from the Node List and they will appear on
Wait 5 @ Pick_App the Program Tree.
6 Walt S ConvEnd=H!
set 7 ® : Ma\ Lemsor_ envEn Node List Program Tree
Popup - a
8 ® Pick_Pos .
Hait 9 = Set Gripper=0n =
Comment 10 = Set Payload: GripperAndPart
q 11 ® Piclk_App I
FElEP 12 @ Transit
Set Payload 13 @ Place_App
+ & Movel
Advanced
© Pace pos
+8 oo XxBBEZ

> Templates = Set Gripper=Off
> URCaps = Set Payload: GripperCnly
® Place_App

O Add Before Start Sequence
O set Initial Variable Values

[ Program Loops Forever

23O XKBEBEM

o o O simutation ()

Figure 7.12 — Optimized Example of Pick-and-Place Program

8. Save the program; either as a new program or overwrite your existing file.
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Module 8: Programming
Hands-On Activities (UR Academy Student Module)

Source: Universal Robots Academy, Student Module 8 “Programming”. Activities and figures reproduced in original
order; figure numbers follow the source.

Hands-On Activity 1: Using Variables

1. Add a counter to the program.

2. Open program PPP1 and Save As PPP2.
o Delete the Wait command for the Toggle Switch.

Graphics Variables

Move
" e 1 ¥ Robot Progra.m ) “~ Program
e 2 [ Popup: Confirm a block available Here you can program your robot to do tasks.
Direction 3 [ Popup: Flip switch Digital In (0) o
——————— B Wait Toggle_Switch_1=HI To program your robot, select the nodes from the Node List and they will appear on
Wait . - - the Program Tree.
5 - ® timer_l: Start
6
set 7 H 'E‘QO;'[ZJH Position Node List Program Tree
Pol - i~ EY
e 8 ® Transit_1 -
Halt [} ® Approach_1 =
Comment 10 @ «p Movel
q 11 ® Pick_1 »
L 12 = Gripper Close (1)
) Advanced 13 - St
> Templates 14 | —Aporoach 1
15 @ +b Move)
> URCaps 16 ® Transit 1 8 CoXKENBED
17 @© Start_Position
18 @ Transic_2
19 ® Approach_2 O Add Before Start Sequence
20 A Popup: Confirm the place point is . [ Set Initial Variable Values

O Program Loops Forever

>

SO XBREDS

O Normal Speed C——— % Sirnulatimru. )

Figure 8.1 — PPP2 Program Edits

o Insert and Modify a Variable.
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In the Node list, click the Advanced tab and then the Assignment button to enter a new
variable into the Program Tree
= var 1=
2. In the Command tab
Then
You are creating a new variable Rename the variable to an appropriate
name
You are assigning a new value to an Select the relevant variable in the dropdown
existing variable menu
Variable
g |var 1 v
Create New
var_1
3. Type in the value or expression you want to assign to the variable
Variable Expression
| V4 ||var_l v = 10

Figure 8.2 — Variable Instructions

At the end of the program insert a variable by going to the Advanced tab and then Assignment
button.

Rename var_1 to Counter.

Click in the Expression Field to pull up the Expression Editor. Under the Variable drop-down
menu, select Counter. Then add +1 so that the expression reads Counter + 1. Click Submit to
complete the assignment.
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o
[ |

Gpen

M <unnamed=* D
+
Haw

Graphics Variables

N Advanced 1
Aounced [p—— Assignment e
| Loop 2 as var_1=.. Assigns the selected variable with the value of the expression.
SubProg

Assignment Variable Expression

If [ 2 |per v o= |

Script

Event
Thread
Switch

Timer
Screwdriving

Home

> Templates

29 SCXEETS

O Normal Speed C——) 1 00% o 0 O Simu_nlmior..

Figure 8.3 — Assigning a Variable

6. |Initialize Counter.
o Press the Robot Program node at the top of the Program Tree.
o From the Command tab check the Set Initial Variable Values checkbox.

o Select Counter from the Variable pull-down menu, check the Keep value from previous run
checkbox, and enter a value of “1” for the expression.

O\ Graphics Variables

Move 1 Init Variabl ~ . -
—————— |l L Initial Variable Values
Waypoint 2 ¥ Robot Program
. : 3 If Piclk L
Direction e b !c<75ensor True Counter prefers to keep value from last run
4 W timer_1: Start
Wait 5 o 4 Move) The variable timer_1 has no initial value
Set B ® Start_Position The wvariable timer_2 has no initial value
7 ® Transit_1
Poj -
El 8 @ Approach_1
Halt. 9 9 +b Movel
Comment 10 @ Picke 1
oo a1l = Gripper Close (1) 3
(ol 12 - set

> Advanced ® Approach_1
@ «b Move|
Templates
[& vt | ® Tranct 1
> URCaps ® Start_Position

17 @ Transit_2
18 @ Approach_2 Variable Expression
19 [ Popup: Confirm the place poin
Counter w | = [L
20 @ b Movel - b I }
~n p S N T ] Keep walue from previous run
'i b c’ ¢ I. E i -_— Clear Expression
_—

O Normal Speed Simulation . )

Figure 8.4 — Initializing Counter Variable
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Hands-On Activity 2: Using If/Else Logic

1. Add logic to check if a block is present in the conveyor nest for the robot to pick.

Original Modified
[¥| Robot Program v/ Robot Program)
9 [ Move) 9 b If sensorl= True
[®] Waypoint_1 @ b Move]
o [ Movel ©) Waypoint_1
Celw int 2 9+ Movel )
—le aypoint_. ©) Waypoint 2 ONoworkplece
@« MoveP @ Tiowed =
ve' Waypo!nt_3 ® Waypoint_3
© Wayp0|nt_4 ®] Waypoint_4
b4 ,V’f:rlrc!.eMovve @ ¥/ CircleMove
;e VuaPovl\t_l [®] ViaPoint_1
~[®/EndPoint_1 (@] EndPoint_1
? (& MoveP 9 s MoveP
|®©] Waypoint_5 [®] Waypoint_5
©] Waypoint_6 ®] Waypoint_6
@ [ Movel @ b Movel
®) Waypoint_7 © Waypoint_7
9 [b Else
[ Popup

Figure 8.5 — Program Logic Example

2. Insert an If command at the beginning of the program.

° Insert If.
o Pick Sensor = True.
o Use cut and paste to relocate the existing move nodes into the If statement.

RS 2 ¢ QK . ET

Program Move o Log
0\ Command Graphics Variables
ove
Mi 1 = Init Variables ~ If
Waypoint 2 v Robot Program
Direction 3 ¢ bif.. Depending on the state of the given sensor input or program variable, the following
4 @ timer 1: Start lines will be executed
el 5 @« Move) |f‘
6 ® Start_Posttion
Sk 7 ® Tran;t il O Check expression continuously
Po y
LD 8 @ Approach_1
Halt 9 @« Movel

Pick_Sensor £ True

Input 0

True (HI) False (LO) 4= Backspace
<Input> v Esc
Output

and ar: Xor not. 7 8 9 -
<Qutput=> v
Variable
] < = ( ) < > i * 4 5 6

<Variable:> hd
Pose

" [ 1 = = B + 1 2 3 0
<Pose> - = Submit
Function

ABC [E3) 0

<Function=> hd = 4 >

Figure 8.6 — If Pick Sensor Equals True

o Insert an Else command at the end of the program.
o Insert Else.
° Insert a Popup with a message “No block at pick point.”
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RS2 + Q

Pragram | i Move o Log

d Graphics Variables
Move - oy N
o 13 ® Approach_1
Waypoint - Else
14 9 «b Move|
Direction 15 ®© Transit 1 This is what will happen in case none of the above
- | R conditions are evaluated to true.
Wait 16 @® Start_Position
17 ® Transit_2
L= s ® Approach 2
Popup 19 [ Popup: Confirm the place poin
o 20 9 b Movel
Halt
e 21 @® Place_1
Comment 22 = Gripper Open (1)
Folder 23 = Set P

e 24 @ Approach 2
> Advanced 35 o i Movel
» Templates 26 ® Transit 2
> URCaps 27 @ Start_Position
28 ® timer_2: Stop

29 A Popup

30 9 % Else

31 [ Popup: Mo block at pick point.
32 a= Counter:=Counter + 1 v

>

<
IS KBRTES
O Normal Speed C—— 0% Sirnulatic:wn. _‘-

Figure 8.7 — No block at pick point

3. Run program.
4. Press the Variables tab to see the values of the variables during operation.

5. Save program.
Hands-On Activity 3: Using Switch/Case Logic

1. Prompt the operator to select from three possible place points.

2. Create a Folder after the Popup confirming the Pick Point is clear.
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R

=]

Frogram

Move

2 PR

Instalatins _ Move uo

|

Run Log

1 ¥ Robot Program
2 ¢ wm Folder

3 - cempltys

Waypoint
Direction
Wait

Set
Popup
Halt
Comment

Folder

FY RN Nl =

Speed @

O Normal

Graphics Variables

Folder

A folder is simply & collection of program lines.

Please enter text to be displayed in the program tree:

Folder

O Hide Folder Program Tree

Simulation .

Figure 8.8 — Creating a Folder Example

o The new Folder will contain items associated with the place point section of the robot

program.
3. Rename the Folder “Select Place Point”.

4. Assignments by the operator.

v iAdvanced 1 v Robot Program

Loop 2 2= var_1:='Enter workpiece number’
SubProg
Assignment
If
Script
Event
Thread
Switch
Timer
| Screwdriving.

Home

PY oRex'd K==

O Mormal

Graphics Variables

Assignment

Source |Operator

Assign the selected variable with the value to be enter
machine operatar .

Variable

{ Vi \ ’var_l

Request the operator for:
QO vesorio

@ Awhole number
O A decimal number
(O Atext string

3
Operator Message

Enter workpiece number

Simulation .

Figure 8.9 — Variable Assignment by Operator

5.

6. Rename the variable Place Point.

Press the Assignment command to insert a new variable.
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7. From the Source pull-down menu select Operator.
8. Check the appropriate circle to configure the request the operator for: A whole number.

9. Configure the Operator Message field to display “Select Place Position: 1 or 2 or 3.”

1 PPP2*

UR Tralning Cell

Graphics Variables
\/ Advanced ey ~
= 15 @ Transit 1 Assignment Source |Operator hd
Locp 16 @ Start_Position Assign the selected variable with the value to be entered by the
SubProg 17 @ Transit_2 machine operator.
Assignment 18 @ Approach_2 Variable Request the operator for:
—— 19 Popup: Confirm the place point is clea
I 20 | Sedect Mace Point ‘ Va ‘ ‘PlacaiPmmt A d | = O Yes or No
Script | 21 2= Place Point='Select Place Position: @© Awnole number
T 22 | Movel (O A decimal number
L 23 @ Place ) O Atext string
Thread 24 = Gripper Open (1)
125 = Set L
Switch % © AZprGach 2 Operator Message
Timer: 27 Move) - Select Place Positicn: L or 2 or 3
Screwdriving 28 @ Transit_2
s 29 @ Start_Position
- 30 timer_2: Stop
» Templates 31 Popup
» URCaps 32 se
33 Popup: No block at pick point.

34 ounter:=Counter + 1 hd

< >
*SSCXBETS

O Normal peed ) 100% ° 0 o Simulatiol

Figure 8.10 — Place Position Program

Figure 8.11 — Place Position Locations

10. Switch Case: Add a Switch to place the product in different locations based on operator input:
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1 v Robot Program Switch

Loop 2 9 b Move|

Graphics Variables

3 ® Waypoint_1
SubProg a - 1 _‘Dﬁ i " \ You can use a switch statement to control the flow of your program.
O —— = var_li="Determine which case’ These can replace complex If...Else If statements and can test a range of

g 5 ¢ *» Switch var_1. values for your expression

If 6 ¢ =+ Casel

7 Waypoint_2
Script @ Waypoin:_

8 ® -+ Case2 Switch
Event a ©®© Waypoint_3

PO var_1

Thread 10 ® = Default Case

411 © Halt
Switch [ Default Case |
Screwdriving Case 3

Home

> Templates E] Case Case 1 -

*$SCKBHEDE

@ roma R —

Figure 8.12 — Switch/Case Command Logic Example

11. Select the Place_Point Variable to Switch.

12. For Case_1, cut and paste the Movel command using the Place_1 Waypoint. Current Waypoint
Place_1 is used for the first position. Add the additional Waypoints and Gripper command.

o O\ m Graphics Variables
2 o —
@ 19 [ Popup: Confirm the place point is clear ~ Case 1l
20 | ¥-(m| Select Pla_ce Point . You can use a switch statement to control the flow of your program.
7z 21 &= Place_Pointi='Select Place Position: 1or 2 ¢ | These can replace complex If...Else If statermnents and can test a range
g 22 9 *=» Switch Place_Point of values for your expression
§ 23 ¢+ Case 1
24 @ o Moval Case numiber 1‘
25 ® Place_1
a 26 = Gripper Open (1)
ko 27 - Set
E‘ 28 ®© Approach_2
2 oo &+ Case? E
36 o+ Case 3
" 43 @+ Default Case
a. 44 O Halt
g 45 o« Move)
48 t timer_2: Stop
49 [ Popup
50 @ % Else
51 [ Popup: No block at pick paint. El Remove this Switch case
52 2= Counter:=Counter + 1 o~

O Normal c————————— % Simulation .

Figure 8.13 — Case Action Detail

13. For Case_2 copy the Movel command using the Place_1 Waypoint. Replace Place_1 with
Waypoint Place_2 located left of the Place_1 on the block pallet.

14. Add a new Waypoint above Place_2 and name it Approach_3. It should be 50 mm above Place_2.
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15. For Case_3 copy the Movel command using the Place_2 Waypoint. Replace Place_2 with
Waypoint Place_3 located left of Place_2 on the block pallet.

16. Add a new Waypoint above Place_3 and name it Approach_4. It should be 50 mm above Place_3.
17. Check the Default Case and add a Halt command.

1 PPP2*

UR Training Cell

o Graphics Variables
g - — mem ot s

17 @ Transit_2

18 @ Approach_2
3 19 B Popup: Confirm the place point is clear You can use a switch statement to contral the flow of your program.
g 20 9 m Select Place Point These can replace complex If...Else If statements and can test a range of
g 21 a= Place_Point='Select Place Position: 1 or 2 ¢ véles for your expression

22 9 & vatch Place_Point

23 ¢ =+ Casel
a 24 o o Movel Switch
& 29 9 |+ Case2 I Place_Point
g ! 30 o« Movel L
F z? H ;'Ea:fteozeL [ Default Case
w 43 @ -+ Default Case
5 44 O Halt Case 4
% 45 o b Movel

:2 ; E::L;Z‘ stop El Case |Case 1 -

50 9 % Else

51 [ Popup: No block at pick point.

52 == Counter:=Counter + 1 v

< >
L -TESa O B =
—

Speed (C— 100% ° 0 o Shnulaticn. )

Figure 8.14 — Switch/Case Program

18. Run program three times selecting a different place position each time.
19. Make sure each place option works properly.

20. Save ALL Programs.
Hands-On Activity 4: Using a Sub-Program

Create a program to inspect a part with a frequency selected by the operator.
Open PPP1 and Save As Inspectl.

Delete Popup flip switch.

Delete Wait Toggle.

Delete Timer start and stop.

Delete timer popup.

Delete Move until.

© N o Uk W N e

Create Counter_1 Variable. Set to a value of 1 in initialization. Increase by a value of 1 each time
the robot reaches the end of the program.

9. Create Counter_2 Variable. Set to 1 in initialization. Increase by 1 at the end of the program. See
above.

10. Before starting program create a Variable Inspect_1 that is defined by the operator. Use the text
“Run inspection routine after how many cycles?”
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11.
12.
13.
14.
15.

16.
17.
18.
19.

o Add a Popup “Is a block available for pickup?”.

Inspectl*

I UR Training Cell

g )
m o
m 1 = Init Variables ~ g
2 v BeforeStart ]
3 3= Inspectl:='Run inspection routine after how many cycles? ' e
§ 4 v Robot Program
& 5 M@ Popup: Confirm a block available in the conveyor nest o
§ 6 9 I If Counter_2ZInspectl o
7 L. Call Inspection_Routine -::’
8 B Else w
ﬂ 32 2= Counter_l:=Counter_1+1
§_ 33 &= Counter_2:=Counter_2+1 <
g 34 L, Inspection_Routine 4 5
35 ¢+ Movel c
36 @ Start_Position [
a 37 @ Transit_1
ﬂ’ 38 ®@ Approach_1
5 39 ¢ +« Movel
40 @ Pick_1
41 = Gripper Close (1)
42 @ Approach_1
43 9 «b Move)
44 @ Transit_1
a5 @ Start_Position L~
s ¢ x ® B @ =
—

O Noinmal Speed == 100% ° 0 o Simulatior.. |

Figure 8.15 — Inspectl Program Edits

If Counter_2 = Inspect_1

Select SubProg.

Rename the SubProg “Inspection Routine”.

In the SubProg keep the Move commands for the picking of the block.

After the robot is back to the Start Position add a Movel command with the Waypoint
InspectTransit.

Insert a Movel command with the Waypoint InspectPlace.
Add a Gripper Open command.
Insert a Move) command with the Waypoints linked to InspectTransit and Start Position.

Set Counter_2 to value 0.
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RS2 + Q

Pragram | i Move o Log

Graphics Variables
Move — B U LT et L ~
W 34 1. Inspection Routine Inspection_Routine
| eevieein: e @« Move| A subprogram can either point to & file on disk, or can be contained
DBirection % ® Start_Posttion in this program.
Wait 37 ® Transit_1
38 ® Approach_1 SubProgram file
Set
== 39 ¢ «bMovel <No File Selected>
Picle_1
LRSRER 40 @) Picle_ Load File
? 41 = Gripper Close (1)
4 @® Approach_1
Comment 43 ¢ b Move)
Folder 1 44 © Transic_1 *
=] @® Start_Position
2 Advanced 46 © Inspect_Transit
» Templates 47 @« Movel
> URCap= a8 ® Inspect_Place
49 = Gripper Open (1)
50 ¢ o Move Save SubProgram ] | Clear SubProgram
51 @® Inspect_Transit
52 @ Start_Position
53 == Counter_2:=0 ~
== Lounter_ O Keep SubProgram File Updated with this Program

>
e [ Hide Subprogram Tree

<
29SS XKBHEET

O Normal Speed E—— 0% Simulation . )

Figure 8.16 — Inspection Routine

20. Go to the If Command and select an Else statement.
21. Put the pick and place program here with Counter_1 and Counter_2 at the bottom.
22. Run program. Select different frequency of block inspections. Loop program. Confirm it works.

23. Save program.

Module 8 Hands-On Activities | Page 11



Module 9: Palletizing

Hands-On Activities (UR Academy Student Module)

Source: Universal Robots Academy, Student Module 9 “Palletizing”. Activities and figures reproduced in original
order; figures renumbered 9.x (the source labels them 8.x).

Hands-On Activity 1: Palletizing Wizard

Open program PPP2 and Save As program PPP3.
Delete the folder named Select Place Point.
Delete Popup: Is the pallet clear?

Delete the Approach 2 Waypoint from the last Movel.

vk W

After the Movel node ending at the Approach_2 waypoint, Insert a Palletizing Template by going
to Program, Templates, Palletizing.

<unnamed>* D ﬁ
=+

| defaultk =
New..  Open..

c)

Graphics Variables
> Advanced ¥ Robot Program P
N Templates # Pallet 1 Pa"etlz"]g
S - . 9 mpaterns
Seek = <empty> Palletizing allows the robot to perform palletizingfdepalletizing tasks such as
1 e picking-and-placing parts from areas and performing the same actions for different
Force = Layers items in multiple layers.
o 9 19 At Eachltem
Palletizing = <empty>
e Palletiziry
Conveyor © e l
Tracking O Depaletizing
L
1 p | Pallet Properties
MName Pallet_1 [Z]
Feature Base - - -
Object Height . Jrmm 1
Item Counter Pallet_1_cnt
[ Rernember last item location

Actions

[ Add action before palletizing

' . b e x |l E m E O Add action after palletizing
—

O Normal Speed (—— ° 0 o Su‘mlatmn.

Figure 9.1 — Pallet Template

6. Onthe Command tab, enter an Object Height of 19 mm in the appropriate field.
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o . D W H -

UR Training Cell*
= Open

Graphics Variables

> Advanced ~ - s

r r
r

i ~
9 9 +b Movel Palletizing
v Templates 10 ® Pick 1
Seek 1 = Gripper Close (1) Palletizing allows tive rolbot ta perform palletizing/depalletizing tasks such as
T 12 = Set picling-and-placing parts from areas and performing the same actions for different
i i Itiple | 3
13 ® Approach_1 items in multiple layers
Palletizing 14 ¢ @ Move
—— - @) Patetizing
Conveyor 15 ® Transit_1 l
Tracking 16 ® Start_Position O bepaletizing
> URGaps 17 ® Transit_2 e
18 @ Approach_2 Pallet Properties
119 @ Popup: Confirm the place poin L

20 |E| Select Place Point Mame Pallet_1

£ ¢ m paletiang Fosars TR— -
44 ¢ I Palet_1 —
45 ? = Patterns Cbject Helghnt Ii

a5 - cempty > i Item Courier Paller_1_ent_1
a7 = Layers O Remember last item location

48 ¢ 19 At Each item

49 - <emply> Actions

50 @ « Move) ) hd

O Add action before palletizing
O Adad action after palletizing

<
2SO XBRET

O Normal Speed (e —— Simulation . -

Figure 9.2 — PPP3 Program Edits

7. From the Patterns folder select Grid as the pattern to match the plate supplied with the training
cell.

) Advanced 1 ¥ Robot
obot Program
WV Templates 2 o # Paler 1 Pattern

Seek E ¥ m) Patterns Select each item in the Program Tree to teach the robot its position in the pattern.
Force 4 Then, use the text boxes below to set the number of rows and columns of the pattern.
5 Corneritem_1
Palletizing 6 Cornerltern 2 Remember: All Pallet positions should be taught at the bottom of the pallet
B 7 Cornerltem_3 ‘ _ .
Tracking 8 Cornerltem_4 Grid_Pattern_1
9 = Layers
10 ¢ 19 AtEachltem
q 11 =] <el > I
Rows 2
Columns 3

'R B XS Nl =

O Normal

Figure 9.3 — Grid Command
8. Select the Grid_Pattern_1 node and define the number of rows and columns. Two (2) rows and
three (3) columns.

9. Teaching the Grid Pattern.

o Before teaching the four corners required for the palletizing routine, jog the robot to the
Pick_1 Waypoint and open the gripper if it is closed.
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o Place a block in the nest and close the gripper. Leave the block in the gripper while teaching
the corner points.

o Cornerltem_1 will be the furthest point from the robot on the grid. Teach the other corner
items in the clockwise direction as shown in the images below. The four corners help the
robot determine the overall size of the pallet.

First Corner

Figure 9.4A — First Corner Location

Second
Corner

Figure 9.4B — Second Corner Location

Module 9 Hands-On Activities | Page 3



- s
Figure 9.4C — Third Corner Location

. —
Figure 9.4D — Fourth Corner Location

10. Select the Layers node and choose Grid_Pattern_1 from the Choose Pattern drop-down menu on
the Command tab.

11. The layer count for this exercise is one (1). No additional layers should be added.

Module 9 Hands-On Activities | Page 4



> Basic

> adianced ¥ Robot Pregram
N/ Templates # Paller_1

[ 9 m Patterns
ek ? ric_Pattern_1
Force Corneritem_1
— | Cornerltem_2
FElSEERE Cornerltem_3
Conveyor Cornerlitem_4
Tracking = Layers

¢ 19 At Each ltem

- <emply>

S xEpm=

o Normal

Graphics Variables

Layers

Layers are stacked in the direction of the Z-axis of the Base .
feature. 3
Remember: Layer 1 is always at the bottom of the pallet.

O Separator

Layer_1  |Grid_Pattern_1 A ‘

Simulation .

Figure 9.5 — PPP3 Program Edits

12. Define the actions performed At Each Item location on the pallet by completing the six steps in

the At Each Item Wizard.

> Advanced v Robot Prograrn

¢ m Patterns

Seek @ i Grid_Pattern_1
Force Corneritem_1
o Cornerltern_2
Rallstizing Cornerltem_3
Conveyor s Cornerltem_4
Tracking = Layers
¢ 19 At Eachltem
= <empty>

29SO XBEDT

O Normal

Graphics Variables

At Each Item

Start (1/6)
This wizard assists in defining the actions performed At Each Item on the pallet.
Define the actions at the first item of the first layer in the Palletizing sequence (the
ReferencePoint), and the program repeats those actions for each item on the
pallet.

Once the wizard is complete, the actions can be edited from the Program Tree.

i)
20 A

ToolActionPoint Exit

Approach

Figure 9.6 — At Each Item Wizard

13. Define Approach Point. This is typically a Z+ move to a safe clearance point above the Tool Action

Point.

14. Define Tool Action Point (this is the same as Cornerltem_1).

15. Define Exit Point.
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Adv: d
B,

i1 PPP3*
UR Training Cell*

Variables

Q

Graphics

~

¥ 8 Palec 1 At Each Item
v Templates 45 ¢ = Patterns
Seek a5 9 i Grid_Pattern_1 . .
47 Corneritem 1 Wizard Finished (6 / 6)
Force rerr
= 48 Cornerltem_2 The At Each Item sequence is now complete
Palletizing 49 Cornerttemn_3 X . )
7Cunveyor 50 o Cornerltem_a %Ejedelthe appropriate gripper action nodes in the Tool Action folder in the Program
Tracking 51 = Layers
S URCaps 52 ¢ 19 At Each (tem
53 ? m Generated Movermnents
4 54 ? <k Move] F
55 @ Approach
56 9« Movel
57 @ ToolactionPaint
58 ? m Tool action
59 - <empty=>
60 9 «b Movel
61 ® Exit_1
62 9 b Move)
63 ® Transit_2 v

: _
235X E

S
E 53]
—

>

‘ Previous Next‘

[ @Fnisn ||

[Cancel |

O Normal

Figure 9.7 — At Each Item Wizard

16. Define the Tool Action.

17. Insert a Gripper Open command.

| <unnameds* l}

default

»
& d
Opan.

e, -

¥ Rebot Program

Waypeint ¢ $# Pallec_1
9 = Patterns
Direction e
Wait
Set
Popup orneritem 4
= Layers
Mt 9 11 A Each ltem
Comment ¢ m Generated Movements
q @ +b Move)
relder @® Approach

¢ b Movel

® ToolActionPoint
¢ m Tool action

= Set TO[0)=0n
@« Mowvel

® Exit

Graphics Variables

Folder
A folder is simply a collection of program lines,

Please enter text to be displayed in the program tree:

Tool action

2SS XKBET

= [ Hide Folder Program Tree
—

O Normal

Simulation .

Figure 9.8 — Tool Action

18. Use default speed settings for Move) commands. Joint Speed 60.0°/s, Joint Acceleration 80.0°/s2.

19. Set speed of MovelL to 50 mm/s.

20. Press the Robot Program node at the top of the tree. Check the loops forever checkbox.
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21.

PPP3 @

I UR Training Cell

Haw.

Graphics Variables

g
£ 2 o mPae1

>

29 ? m Patterns Pattern
] zg ? :::egrg;f:;?:;];ﬁl 1 Selact each item in the Program Tree to teach the robot its position in the pattarn.
g e - Then, use the text boxes below to set the number of rows and columns of the pattern.
] 32 3 Cornerltem_2
§ 33 #2 Cornerltem_3 Remember:All Pallet positions should be taught at the hottom of the pallet
34 £ Cornerltem_4
35 = Layers Grid_Pattern_1
ﬁ 36 ¢ 19 At Each ltem
2 ez ¢ mm Generated Movements
H b 38 9« Move) ¥
- @ Approach Rows 2
40 9« Movel
" 41 ® ToolActionPoint Columns 3
?j’ 42 ¢ m Tool action
% 43 = Gripper Open (1)
a4 @+ Movel
45 ® Exit_1
46 @ §» Move|
a7 @ Transit_2
48 @® Start_Position

49 2= Counter:=Counter +1 ~

O Normal Speed C— 100% ° 0 o Smlanm,l. )

Figure 9.9 — Palletizing Template

Save the program.

Hands-On Activity 2: Before Start Commands

1.

©® N o U &

10.
11.

12.

Go to Installation tab in the header. Select General and Setup 10. Rename digital_out[2] to
Conveyor Power.

Go to Installation tab in the header. Select General and Setup 10. Rename analog_out[1] to
Conveyor Speed.

Go to 10 tab in the header. For the analog output Conveyor Speed select Voltage in the pull-down
menu.

Go to Program tab in header.

Add a Counter Variable.

Press the Robot Program node and check the Initialize checkbox.
Initialize Counter to a value of 1.

Press the Robot Program node and check the Add Before Start Sequence checkbox.

o Have the program wait for an Operator input at the start of the program.
Insert a Popup with text: “Confirm an Empty Pallet is Ready”
Set Digital Output Conveyor Power to On (High).

Set Analog Output to 4.0 Volts.
o Insert timer_1 and select Start.
o Insert the following logic immediately after the Robot Program node:
o If statement with the following Expression Counter £ 7

Add the following logic under the IF statement.
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o Insert timer_1 and select Stop.
o Insert a Popup with Cycle Time Value (timer_1).
o Set Digital Output digital_out[2] to DO2 Off (Low).
13. Insert a Popup with text: “Empty Pallet” and Halt program.
14. After If command insert a Wait command for Pallet Sensor to be On.
o Initialize all variables prior to the start of the program.

1 PPP3

UR Tralning Cell

o Q Graphics Variables
2 e '
w L0)(=) [nicivaniables) Initial Variable Values
2 v BeforeStart
3 - =0n
3 Set DO[2)=0r The variable Cornerltern_1 has no initial value ~
3 4 = Set AQ[1]=4.0
5 5 [ Popup: Confirm an Empty Pallet is Ready [The varizble Corneritern_2 has nc initial value
g 6  timer_1: Start The variable Corneritern_3 has no initial value
7 ¥ Robot Program The variable Corneritem_4 has no initial value
2
o 8 ¢ b If Counter<7 Counter =1
2 9 © timer_2: Stop . ‘ .
5 10 @ Popup The variable Grid_Pattern_1 has no initial value
E w11 = Set DO[2]=0ff p |The variable Pallet_1 has no initial value
12 [ Popup: Empty Blocks from Pallet Pallet_1 cnt_ 2 =1
13 B Wait Pick_Sensor=HI Pallet 1 lct = 1
& 19 9 & IFPick Sensor < True ol :_1-| L
o =
g 15 © s Move| allet_Lne
5 10 o Movel Pallet_1_sep = False
24 o Movel Pallet 1 tet =1 hdl
28 o Pallet_1 Variable Expression
46 o« Move] ~ | = i
49 a= Counter:=Counter + 1

O Keep value from previous run

29 CeexBREpTE et

Speed ) 100% ° 0 o Simiation . )

Figure 9.10 — Before Start Program

Hands-On Activity 3: Run and Optimize the Palletizing Program

1. Place a block on the infeed conveyor in the guide when the robot picks a block.

2. Run program.
o Did the program run successfully?
o What is the cycle time?
o With our testing setup it was approximately 117 seconds.
3. Optimize your Move commands.
o Change speed to 100°/s and acceleration to 120°/s? on MoveJ.
o Change speed to 250 mm/s on Movel.

4. Run program.

o What is the cycle time?
o With our testing setup it was approximately 89 seconds.

5. Save program.
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Module 10: Features/Planes
Hands-On Activities (UR Academy Student Module)

Source: Universal Robots Academy, Student Module 10 “Features/Planes”. Activities and figures reproduced in
original order; figures renumbered 10.x (the source labels them 9.x).

Hands-On Activity 1: Creating a Plane Feature

Open the PPP3 program and Save As PPP4.
Create a plane feature for the palletizing grid.
Press the Installation Icon and press the Features menu.

Select Plane to add the first plane to the Features List.

vk W

Press Teach this plane to open the Plane Wizard.

M <unnamed>
default

_Plune Teach-in Step (1/5) - Plane

This wizard will assist you in creating & new plane using 3 positions

1 - Origin
2 - Positive X-axis
3 - Direction of Positive Y-axis

Plane

@ origin Example
© Positive X-axis 3
@ Postive Y-axis 7/\——s 2

Plane preview

‘F‘revious Next. @ Finish Cancel

® 100%

Figure 10.1 — Plane Feature Wizard

o Complete the 5 steps of the Plane Wizard. Use the Corner Location from the Pallet
Template for the Origin, Position 1.
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10.
11.

’

Go to first corner. Place a block in position. Manually trigger the gripper closed.

Figure 10.2 — Flat Pallet Wizard Points

Set Origin, Position 1 at the first corner.

Raise the robot slightly in Z and move in the positive X direction to the second corner of the pallet.
Move to the place position on the pallet by lowering the robot slightly in the Z direction. Set
Positive X-Axis Position 2.

Raise the robot slightly in Z and move in the positive Y direction to the corner of the pallet. Move
to the place position on the pallet by lowering the robot slightly in the Z direction. Drop in Z
direction to be in place position on pallet. Set Positive Y-Axis Position 3.

Rename Plane_1 as Flat Pallet.

Press the Program Icon and select the Pallet_1 node. In the command window, press the Feature
drop-down menu and select the Flat_Pallet Feature.
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ZzP QM S R

Hew,

Pregeam | [nstalition _ #ove o Log
o 0\ Ci 1d Graphics Variables
7
[ i

19 | $-i Movel Palletizing

20 ® Pick_1
] 21 = Gripper Close (1) Palletizing allows tive robot to perform palletizing/depalletizing tasks such as
8 22 - Set picking-and-placing parts from areas ancl performing the same actions for different
5 3 @ Approach_L items in multiple layers.
§ 24 ¢ + Move)

25 ® Transit_1 @) Patetizing l
p 26 @ Start_Position O Depalletizing é
% 27 ® Transit_2 g
B o2 | & Ededl Pallet Properti
E B 29 % m Patterns P [DEHETOREINES

30 9 iii Grid_Pattern_1 Name Pallet_1

= il Cornerttern ] Feature Flat_Pallet hd o
E == 2 Cornerltem_2
¢ 33 t Cornerltern_3 Object Height 19.00| mm
> 34 i Cornerltern_d Item Counter Pallet_1_ent_2

> i Layers O Remember last item location

36 9 1 At Each Item

37 ¢ m Generated Movements Actions

38 9 b Move)

39 @ Approach [0 Add action before palletizing

¥ O ~dd action after palletizing

A

28 Ss  xmpEEz

O Normal &—————— Jh\53 ° 0 o

Figure 10.3 — Flat Pallet Plane Feature

12. Navigate to the Pallet_1 node in the PPP4 program tree. Press the At Each Item node and press
the Redo Wizard button located in the command window. Use the wizard to update all
Waypoints and Gripper Action.

o Note: Any Waypoints taught with a Wizard must be retaught with the Wizard!
13. Run the palletizing routine to confirm it is still functional.

14. Save As PPP4Flat.
Hands-On Activity 2: Create the Tilted Palletizing Grid

1. Create a plane feature for the tilted palletizing grid.

2. Add a second plane feature and complete the 5 steps of the Plane Wizard.

o Use the Corner Location from the Pallet Template for the Origin, Position 1.
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7 ‘i' n PROC PPP4*
= % 7N | TION UR Training Cell

Program | Installation Move o
o Q [ nd Graphics Variables
E

19| §-t3 Movel Palletizing

20 @ Pick_1
7 21 = Gripper Close (1) Palletizing allows the robot to perform palletizing/depalletizing tasks such as
i) 22 - Ser picking-and-placing parts from areas and performing the same actions for different
§ 23 @® Approach_1 items in multiple layers.
5 24 @ < Move|

25 @ Transit_1 @) Palletizing J,
P 26 @ Start_Position O Depaletizing é

Transi -
2 27 @ a ;lt_z If“{i‘i
g' 28 | -8 el Pallet Properties
1

g k29 ? 'm Patterns L] R

30 @ 3 Grid_Pattern_1 Name Paller_1

& i Corneritem 1 Feature Flat_Pallet - — N
§ 32 3 Cornerltem_2 i
H 33 ¢ Corneritem_3 Object Height 19.00|mm
2 34 i Cormerltem_4 Item Counter Pallet_1_cnt_2

2 = Layers O Remember last item location

36 ¢ 14 At Each ltem I

37 ¢ = Generated Movements Actions

38 @+ Move|

39 ® Approach O Add action before palletizing

w

23S xmEnZ

A O Add action after palletizing

O Normal Speed E=———l) 100% ° 0 o Simulati::n.

Figure 10.4 — Tilted Pallet Wizard Points

Go to first corner. Place a block in position. Manually trigger the gripper close.
Press the Installation Tab. Select Features then Plane. Complete Wizard.

Jog robot to the Origin Position of the tilted pallet.
o Consider selecting the Tool Feature to Jog the robot for this exercise.
o Use RX- to adjust the block angle to match the angle of the tilted pallet.
o Now you use the X, Y and Z directions to move the robot in position.
o Place a block in position. Manually trigger the gripper close.

Set Origin, Position 1 at the first corner.

Raise the robot slightly in Z. Switch to the Plane Feature by selecting it in the pull-down menu.
Move in the positive X direction to that corner of the pallet. Switch to the Tool Feature. Drop in Z+
direction to be in place position on pallet. Set Positive X-Axis Position 2.

Raise the robot slightly in Z. Switch to the Plane Feature (same as above) and move in the positive
Y direction to that corner of the pallet. Switch to the Tool Feature. Drop in Z+ direction to be in
place position on pallet. Set Positive Y-Axis point Position 3.

o Complete Wizard for Plane_1. Rename as Tilted_Pallet.
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Graphics Variables
v/ Advanced - oy emee = ~
[ fosn | 28 9 B Palet 1 Palletizing
B 1 29 - m Patterns

SubProg 30 311 Grid_Pattern_1 Palletizing allows the robot to perform palletizing/depalletizing tasks such as
— . = it Cornerltern 1 picking-and-placing parts from areas and performing the same actions for different

Assignment orn - itermns in multiple layers.

32 ornerltem_2

I 33 orneritem_3 © Paleti

Script 34 ornerltem_4 alletizing l é
e 35 = | ayers O Depalletizing

Event
S 36 @ 19 At Each ltem L

Thread ) 37 ¢ = Generated Movernents , | Pallet properties

Switch 38 9+ Move|
——— =k ® Approach Name Pallet_1

Timer —
B <0 ¢« Movel Feature Tited Pallet - .

Screwdriving 41 @ ToolActionPoint
E—— . Object Height 19.00|mm

H 42 ? m Tool action

ome
43 = Gripper Open (1) Item Counter Pallet_1_cnt_2

0 lat;

44 o MDVElL O Remember last item location

> URCaps 45 ® Exit_1
46 @ +p Move|

47 @ Transit_2

Actions

<

O Add action before palletizing

4 O Add action after palletizing

<
FY 2y Nl 1=
O Normal Speed = % Simulati.an. )

Figure 10.5 — Tilted Pallet Plane Feature

9. Run the palletizing routine to confirm it is still functional.

10. Save As PPP4Tilted.
Hands-On Activity 3: Jogging Relative to a Feature

1. Press/Tap the Move Icon and press the Feature pull-down menu.

2. The Features Flat_Pallet and Tilted_Pallet have now been added to the feature list.
3. Move the robot above the pallet location.
4

Jog the robot around the pallet location using the 5 different features.

o View
o Base
o Tool

o Flat Pallet
o Tilted Pallet

Module 10 Hands-On Activities | Page 5



 [Rodot j igctBosttion
fasture Active TCP .
Plane 1 v | Tcp X| 65.480mm RX  0.882rod
zr | z- .
| Y| 118.880mm RY  -0.242rsd
) x _ z| 0000mm RZ| -0.509rou
Y Y28
Jolnt Position
X+ : S—
8. -118.14 °1)
[ - ]
TCP Orientation 0 sheuder -97.95 *I1
g | [ = ]
D 4 (M evow 1130 °1
|RZs “URz-| [ 2 ]
s el .
Ry lWrist 1 -102,69 [ »
: L re )
8 vine 2 90.59 I
RX+ RX- N ————————t
] Dy L s |
s 3 -28.20 *1)
<& ‘_l‘ Home ’fFrcedﬂve e pe )

Figure 10.6 — Jog Relative to a Feature Example

Hands-On Activity 4: Selecting a Variable Feature to the Palletizing
Program

1. Have the operator select if the feature plane is flat or at an angle.

2. Inthe Before Start Program have the operator assign a Variable Pallet_Tilt to 1 for flat and 2 for
tilted.

Q | Graphics Variables

Move 1 = Init Variabl
- | nit Variables Assignment Source (Operator A
Waypoint 2 ¥ BeforeStart Assign the selected variable with the value to be entered by the
Diraction 3 =/ Set DO[2)=0n machine operator.
= 4 = Set AO[1]=4.0 Variabl R i fi

ez 5 [ Popup: Confirm an Empty Pallet is Re  * o oe'e equest the operator for:
Set 6 (== Pallet_Tit—"For a flat pallet enter 1. F [ 7 |patec Tt v] = Qpesorro

7 i :
v O timer _1: Start ® A whole number

8 ¥ Robot Program (O A decimal number
Halt 9 @ blIf Counter<7 "

O Atext string
Comment 10 W timer_2: Stop
g 11 [ Popup 3

Folder 12 = Set DO[2)=OFf Operator Message

» Advanced 13 [ Popup: Empty Blocks from Pallet  |For a flat pallet enter 1. For a tilted pallet enter 2.
2
S 14 © b/ If Pallet_TitZ1
52 o b Elself Palet_Tik<2
> URCaps 90 @ %/ Else

91 = Set DO[2]=0ff
92 » @ Hal
93 a= Counter=Counter + 1

-~ 0

<
L B Nadt Al N o=
O Normal Speed el 100% simuiation D)

»

Figure 10.7 — Plane Feature Selection

3. Add an If command for when Pallet_Tilt = 1
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4. Create the Folder named Pallet_Tilt Flat.

5. Move the main program into the folder.

6. Make sure the Feature used for Palletizing has been changed to Pallet_Flat.

PPP4Select D ﬁ E
Haw..

I\ UR Training Cel*
Open...

Graphics Variables

a

Move - L3 1 U A R U LU | LS ~
Waypoint 6 1= Ffallet_ﬁlt::‘?or a flat pallet enter Palletizing
7 W timer_1: Start
Direction 8 v Robot Program Palletizing allows the robot to perform palletizing/depalletizing tasks such as
— . | L picking-and-placing parts from areas and performing the same actions for different
Wait 9 elpi C.Ol.lﬁtel 7 items in multiple layers.
ot 10 © timer_2: Stop
el
11 Popu
— | & Popup @ Palletizing
Popup 12 = Set DO[2]=0ff ! #‘
Halt 13 [ Popup: Empty Blocks from Pa O Depalletizing
£ 14 9 b|IfPallet_Tit21 L
Comment | 15 | o8 Paflet Flat Routine , [ Patiet properties
Folder 16 H Wait Pick_Sensor=HI
@b If Pick_Sensor £ True Name Pallet_3

Templat 22 -
i Mol — — o

=
Ad d —
18 © ++ Move] Feature Flat_Pallet A d ST
27 @+ Move] :{
URC .

32 © m Patterns O Remember last item location
38 = Layers

39 o 1Y At Each Item O Actions

49 & o Move] ) _V

O Add action before palletizing
O Add action after palletizing

¢ >
R BNl Bl ==t
O Normal Do (— % sunulatior.. )

Figure 10.8 — Pallet Flat Folder

7. Add the Elself command for Pallet_Tilt = 2
8. Copy the Folder named Pallet Tilt Flat and paste it under the Elself.
9. Rename the folder to Pallet_Tilted.

10. Make sure the Feature used for Palletizing has been changed to Pallet_Tilted.
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Graphics Variables

Move — ~
L = Set DO[2]=0ff Palletizin
Waypoint 13 @ Popup: Empty Blocks from Pall 9
Direction 14 b If Pallet_Tit=1 Palietizing allows the robot to perform palletizing/depalietizing tasks such as
7\”“ 52 9 b Elself Pallet_TitL2 picking-and-placing parts from areas and performing the same actions for different
i - ! 2 "
£ 53 ¢ mlPallet Tilted Routine ftems in muitiple layers.
Set 54 B Walt Pick_Sensor =HI
— | Palletizin
Popup 55 @ b If Pick_Sensor = True @ izing l é
| 56 & b Move| O Depaletizing
60 o & Mowvel rﬁ»
Comment 85 e b Move] 5
159 ¢ 3 Palec 2 Pallet Properties
Folder =2,
70 ¢ m Patterns Name Paller_2

Advanced i
vi ¢ rid_Pattern_2 Feature Tited_Pallet - T .
> Templates 72 Cornerltem_5

73 Corneritem 6 Object Height 19.00|mm

URCaps
74 Cornerltem_7 Item Counter Pallet_2_cnt
75 & Cornerltem_8 .
O Remember last item location
76 = Layers
77 & 19 At Each Item Actions
87 e < Move| Q ~

O Add action before palletizing
O Add action after palletizing

< >
2P OSCKXKBEET

Normal

Figure 10.9 — Pallet Tilted Folder

11. Add an Else statement.
12. Set DO(2) to Off.
13. Halt program.

Graphics Variables

Move 1 = Init Variables Else
Waypoint 2 v BeforeStart
Direction 3 = Set DO[2]=0n This is what will happen in case none of the ahove
4 = Set AQ[1]=4.0 conditions are evaluated to true.
Wi 5 | Popup: Confirm an Empty Pallet is Re
Set 6 a= Pallet_Tilt=="For a flat pallet enter 1. Fc
7 i :
Popup @ timer_1: Start
8 ¥ Robot Program
Halt 9 9 b If Counter=7
Comment 10 ©® timer_2: Stop
g 11 @A Popup 3
Faldey 12 = SetDO[2]=Of

) Advanced 13 [ Popup: Empty Blocks from Pallet
> Templates 14 = b If Pallet_Tit=1

52 ¢ b Elself Pallet_Tit£2
> URCaps 53 o m Pallet Tilted Routine

80 9w &E\se}

91 = Set DO[2]=0ff

92 = © Hal

93 &= Counter=Counter + 1 e

>

<
FY EXES N0 =

Figure 10.10 — Else Statement

14. Run program. Verify the program will run for both operator selections.

15. Save As PPP4Select.
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Module 11: Safety Settings
Hands-On Activities (UR Academy Student Module)

Source: Universal Robots Academy, Student Module 11 “Safety Settings”. Activities and figures reproduced in
original order; figures renumbered 11.x (the source labels them 10.x).

Hands-On Activity 1: Factory Presets

1. Open program PPP3.
2. Place a block on the infeed conveyor in the guide when the robot picks a block.
3. Confirm settings in your Move commands.
o Speed of 100°/s and acceleration of 120°/s? on Movel.
o Speed of 250 mm/s on Movel.
4. Run program PPP3.

o What is your cycle time in seconds? Approximately 90 seconds?

5. Go to the Installation tab in the header. Select Safety and Robot Limits. Enter the safety password
provided by instructor.

6. Change the Safety Preset from: Most Restrictive to Restrictive.

<unnamed> D ﬁ E
Gl N Open. San
New.. pen..  Save..

R

" o
\ DG
Use of Safety Configuration parameters different from those defined by the risk assessment can result in hazards that are not
Robot Limits "¢asonably eliminated or risks that are not sufficiently reduced.
Joint Limits |
EERes | @ Factory Presets r : Q
Tool Position Most Restricted
7T.
Direction | O custom
[/[e}
ﬁ Limit Normal Reduced
T | Power 300 200 .
Momentum 25.0 10.0 @
Stopping Time 400 300
Stopping Distance 500 300
Tool Speed 1500 750 .
Tool Force 150.0 120.0
Elbow Speed 1500 750
Elbow Force 150.0 120.0] .
Safety password | Lock Apply

O Normal c————— ° o o S\'n'“ﬂa[ign.

Figure 11.1 — Safety Presets

7. Apply and Restart the robot (not the controller).
8. Confirm Safety Configuration and Initialize robot.

9. Run the program. What is your cycle time in seconds? Approximately 75 seconds?
o Note the speeds that were being limited are affected.
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o Changing a safety setting to increase speed requires validating the change in the Risk
Assessment. Additional safety measures may be required.

10. Change the Safety Preset back to Most Restrictive.

11. Save All Programs.
Hands-On Activity 2: Joint Limits

1. Go to the Installation tab in the header. Select Safety and Joint Limits. Enter the safety password
provided by instructor.

2. Restrict the following axis as defined below:

<unnamed> D

defauk*

V Safety Joints Range Normal Mode Reduced Mode
Robot Limits Minmum Maximum Mnimum Maximum
Joint Limits Base -363 — 363 ° -180 180 °f-2°
Planes Shouder -363—363° -363 363 2
oW 363 —363 ¢ - -363 363 °r-2°
Tool Position Elbow 363 53 363 363 63 +2°/-2
Wrist 1 -363 — 363 ¢ -363 363 363 +2°/-2°
Tool
Direction Wrist 2 -363 — 363 ° -363 363 363 +2°/-2°
1/0 Wrist 3 -363 — 363 ° -363 363 -363 363 +2°/:2°
Hardware
Three Maximum speed |
Position
SRfaTioma Joints Maximum Normal Mode Reduced Mode
Base max: 191 */s 191 191 -11%s
D Features
Shouider max: 191 %/s 191 191 -11°%s
> e Ebow mox: 191 °/s 191 191 -11°%s
Wrist 1 mox: 191 /s 191 191 <11 %s
Wrist 2 max: 191 /s 191 191 11
Wrist 3 max: 191 %s 191 191 -11%s

O Power off

Figure 11.2 — Joint Limits

o Base (Axis 1): -30, +180.
o Shoulder (Axis 2): -180, -45.
o Elbow (Axis 3): -45.
o Wrist 1 (Axis 4):
o Wrist 2 (Axis 5):
o Wrist 3 (Axis 6):
3. Apply and Restart the robot.

4. Confirm Safety Configuration and Initialize robot.

o Note the Safety Reference Block in the Header changes each time the Safety Settings are
modified.

5. Go to Move Screen and see the limit restrictions in the Joint Position Window.
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TCP Position ~ Robot Tool Position
Feature Active TCP »
View v | Tcp x| -143.97 mm RX  0.001 rad
Y| -435.62 mm RY -3.166 rad
[+
Z| -197.97 mm RZ -0.040 rad
Joint Position
/ Wsase 9171 [
; Q E = F =]
TCP Orientation a i
Shoulder -98.96 °
[; C = )
M Elbow -126.22 ° I
=)
] w2 -46.29 *1)
! Al 3]
o Wrist 2 91.39 ©
e |
Wrist 3 178 °
Q?Homa ‘)\Allgn Freedrive > ol i =)

O Normal

Figure 11.3 — Joint Limits in Move Window
6. Run the program and confirm it functions within Joint Limits.
Hands-On Activity 3: Create a Safety Plane

1. Go to the Installation tab in the header. Select Safety and Planes. Enter the safety password
provided by instructor.

2. Create a Safety Plane for the tabletop base.

R B2+ —

SRl B e

Robot Planes (1 of 8)
\/ Safety Plane 1 Ee M
+ Add plane
[+]
Tool
Direction
o) 1 @ Properties
Hardware Plane 1
Three | . .
Position Copy Feature | © |
‘Safe Home. [+ Point_1 -]
“
Restrictions
> Fieldbus E [Esoth -]
Displacement
0 -1 mm
& Restrict Elbow

O Power off Speed C—) 100% o 0 o

Figure 11.4 — Safety Plane
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Apply and Restart the robot.

Confirm Safety Configuration and Initialize robot.
Add Plane_1.

Copy Base Plane.

Select Normal in pull-down menu.

©® N o U &~ Ww

Enter a 50 mm Displacement Value.
o Do not check Restrict Elbow checkbox.

9. Run the program and confirm it functions within Safety Plane Limits.
Hands-On Activity 4: Create a Tool Flange Safety Sphere with Direction

1. Go to the Installation tab in the header. Select Safety and Tool Position. Enter the safety
password provided by instructor.

2. Copy TCP Point Feature and enter a value of 75 mm for the radius.

AM - <unnameds> D i ﬁ

defaules

Il

7 Safety Tool Flange
i Tool_1
Robot Limits T ]'2 m
| 00l :
Joint Limits
Planes
Direction
/0 Tool 2
HEFERIGTD Raclius (max: 300mm)
Three 100,0/rmm
Foton
| safeHome Copy TCP %)
- == -
BT
X | 100.0/mm
Y 0.0/mm
Z | 100.0{mm
Safety password | uniocic

O Power off - Simulation . ‘

Figure 11.5 — Tool Position Limits

Select Normal in pull-down menu.
Apply and Restart the robot.

Confirm Safety Configuration and Initialize robot.

o v &M W

Go to the Installation tab in the header. Select Safety and Tool Direction. Enter the safety
password provided by instructor.

7. Copy TCP At Start Feature and enter a value of 30 for the deviation.
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<unnamed>

I defaultt

Robot Limit Properties
N/ Safety Copy Feature | (@)

Robot Limits [ « Point_1 v}

Joint Limits |£| Restrictions

Planes | [ﬁ] Both - ‘

Tool Position Deviation

5—181,-30

Direction

i ®

Hardware

Three

Position I

1 Tool Properties
Safe Home
> Features Copy TCP ‘ o |
> Fieldbus —]  [rootFiange -
Edit Direction
Titt 0f°
Pan 0 °
Safety password | Unlock Apply

O Power off Speed ——) 100% ° 0 o 5..-nu|;,1:i,;‘.--_[-}

Figure 11.6 — Tool Direction Limits

8. Select Normal in pull-down menu.

9. Apply and Restart the robot.

10. Confirm Safety Configuration and Initialize robot.

11. Run the program and confirm it functions within Tool Position and Direction Limits.

12. Save program.
Hands-On Activity 5: Fault Recovery Modes

The example of Figure 11.7 shows what to expect when recovering from a safety violation. This would
include any external safety devices added to a robot cell.

Module 11 Hands-On Activities | Page 5



l Q Violation

CARNLLT | Sa'eCy syt s JONE gOstion it exceeded

Suggeation
Try each of the FORawing acticns [N Orokr ) 10 Soe whCH resolves the
30 (A) Ervure tha Mo ted payad and Carter of (F sty matches

v YOUT AL CN LT, (T1) 20w JowWn mOvement L. You Can esceed
W l $000d TS € yOuU MOw Uha 10t 100 1868 I Freedrve, n that Cane |
Ove The O Siowey, (0) O'e Ol Safely SeTngs
1 ATve Ml 8 28008 regant Qorer e QO 10 M0Q tad Ruport dxte 2021401:13

2315450
Go Lo WUalzation screen Seve Log Mepart Not mow | » robot first
AT Pypoe .

1.00 5 1.00:,

QO vwieee e 000 [®

Figure 11.7 — Fault Recovery

Recovery Mode. After encountering a violation manually jog robot away from obstruction to continue.

v - - " - |
feoture Actve 1O
v, v TCPL X 61862 X
Y RY {
P l
R A o it 2
| S Doce 3 L
— . B . o [ ewmemweme—
TCP Cra 4
Qi tromser ¢
C re== )
y & o 394 * D
ol s
. - J
- N —
B avw
{ ) g

' N it
‘ AOVte e fobit 0 0 & e 2 . m

Figure 11.8 — Fault Recovery

1. Go to the Start Position Waypoint. Go to the Move tab and rotate the Base axis in the positive
direction. You will see a Joint Limit Violation for the Base axis when it reaches 120 degrees.
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PPP3

! UR Training Cell

TCP Position Robot Tool Position
Feature Active TCP
View ~|Tcp x| 195.41mm Rx|[  2.678rad
v[ 257.34mm RY| -1.619rad
z| -257.36/mm Rz| -0.024/rad
Safety Message ‘ Position
1 Protective Stop Base 117.99 ©
= ; C150A0: Position close to joint limits
TCP Orientation
Status report generated, go to log tab. Report date: 2021-03-26 Shoulder -89.89 °
15:38:27.076 ) ; )
Enable Robot| H Save Log Report | Elbow 90,43 °
! = - | = mea—
- -] awst -89.59 [T
L i ]
S wrist 2 -80.00 [
[ ]
S wrist 3 093 °

@ Protective Stop

ﬁ? Home

A aiign

Freedrive

Y

Speed ==

Figure 11.9 — Joint Limit Violation

2. Manually jog robot away from obstruction to continue.

3. Go to the Start Position Waypoint. Go to the Move tab and rotate the Base axis in the positive
direction. You will see a Plane Limit Violation for the Safety Plane when the gripper limit sphere
reaches the plane limit.

o Safety Plane Violation.

PPP3

UR Training Cell =

[Tcp Position

.Teul Position
Feature Active TCP
View [ x| 213.97mm Rx| 2239 rad
v[ 140.11fmm RY| -2.209|rad
[+]
z| -397.04wm RZ| -0.010|rad
Joint Position
|

. ® Base 90.34 °

! Protective Stop I —_—

CRAOTentation C15240; Posttion close to safety plane lmits Shoulder Se30]°

[Enable Robot : ] ]
T Ebow 137.84 [

I e ———
— T wrist 1 -131.54 °[7

[ i i ]
T wrist 2 89.96 [

\ R g ]

S wrist 3 0.98 °

ﬁ?Home AAlign Freedrive b O I ]

Speed EE——

© Protective Stop

Figure 11.10 — Safety Plane Error Message

4. Press the Enable button to activate robot.
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PPP3

! UR Training Cell

TCP Position Robot Tool Position
Feature Active TCP
View ~|Tcp x| 213.96/mm Rx[ 2.239rad
v[ 140.13)mm RY| -2.209|rad
[+]
z| -397.04wm RZ| -0.010|rad
I
Joint Position
. P | Base 90.34 °[
TCP Orientation {' ) T
Shoulder -86.30 °
Elbow 137.84 ° 11
= EEnarEaaa—|
-] awst | -13154)F
L i i ]
T wrist 2 -89.96 °[
[ ]
S wrist 3 0.98 °

ﬁ? Home A Align Freedrive ¥ I

O Normal Speed Cr—

Figure 11.11 — Safety Plane Robot Pose

5. Manually jog robot away from obstruction to continue.
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