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COMMISSIONING OF ABB COLLABORATIVE ROBOT

.....

1University of Kragujevac, Faculty of Technical Sciences Cacak, (Serbia)

Corresponding author e-mail address: vojislav.vujicic@ftn.kg.ac.rs (V. Vujicic)

ABSTRACT:

The aim of this paper is to show the basic steps that are necessary to put new laboratory gear
into operation. The laboratory setting is described. ABB RobotStudio was used to create a
virtual laboratory by adding an ABB IRB 14000 robot to the work area, a virtual controller,
and a simple program for manipulating the workpiece from one side to another with a change
of arms. Simulation of the program was done. The commissioning of a robot on a real
platform in the laboratory has been done.

Keywords: ABB, IRB 14000, collaborative robotics, RobotStudio, virtual laboratory,
commissioning

1. INTRODUCTION

Robots are quickly becoming a prominent part of the manufacturing industry. Robots are
used in a number of ways within different industries, but they can make an especially large
impact when it comes to industrial automation.

Traditional robots have been physically boxed off from humans, executing tasks that are
isolated from employees, to protect their safety. Collaborative robots, on the other hand, are
in such a way to limit the amount of speed and force they can apply, making them safe for
humans to be around and work with them together. [1-4]

Collaborative robot systems offer the potential to improve the way we work. They have
grown rapidly because of the strong promotion of Industry 4.0 and the launch of more
affordable robot technologies. Only a decade ago, they were treated with skepticism, yet
today they are the fastest expanding area of industrial robotics. Collaborative robots are
quickly becoming a prominent part of the manufacturing industry.

These robots often need human assistance when they're moving materials or loading them
into other devices These collaborative robots are designed to work and assist humans, instead
of taking their jobs away. They are programmed to perform repeatable tasks where people
are needed but not their expertise. So, they are used for simple, repetitive tasks that are
dangerous or difficult for humans to perform, such as assembly line operations, machine
tending, arc welding, handling of hazardous materials, lab testing and other manufacturing
tasks.

The main benefits of collaborative robots are: reducing injuries, decreasing manual material
handling workers, reducing production time, decreasing maintenance costs for robotics
equipment, increasing production capacity, etc.
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2. LABORATORY SETUP

The laboratory for this study is in the Science and Technology Park in Cagak and was funded
by the Ministry of Education, Science, and Technological Development of the Republic of
Serbia. In this laboratory, two robotic cells were installed. One is the ABB IRB 120
multipurpose industrial robot with six degrees of freedom, described in detail in [5]. Another
one is the ABB IRB 14000 YuMi collaborative robot. Fig 1.

Fig 1. ABB IRB 14000 collaborative robot [6]

This is a dual-arm robot made for collaboration with a human on the same task. It has seven
degrees of freedom arms, which give flexibility and agility in production with position
repeatability of 0.02mm. The robot has a reach of 559mm and a payload capacity of 500g
per hand. The IRB 14000 has a smart gripper as an end-effector for part handling and
assembling. The gripper has servo fingers as the default module and a vacuum suction tool
or vision toll optionally. In this case, one hand has servo and vacuum modules. The second
has a servo, vacuum, and vision (Cognex AE3 camera) module [6,7].

Fig 2. Right and left robot Smart Gripper [6]
Both robots are placed in a 1400x2400 work area with a Plexiglas safety zone. The working
area has aluminum profiles for mounting additional equipment such as sensors, part holders,
part racks, etc. In front of robots, there is a rail for sensors and a terminal box. The robot
control unit and terminal box are connected to the control desk equipped with a PLC
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controller and an HMI panel. With this equipment, robots, work area, safety zone, control
desk, and sensors, a lot of industrial applications can be tested in the laboratory. A laboratory
setup is presented in Fig 3.

Fig 3. Laboratory setup

2. MAKING VIRTUAL ROBOT ENVIRONMENT

The best way to program ABB robots is to use the ABB RobotStudio software platform. The
software also has a virtual controller for robot programming. It is also good for the simulation
of robots and other moving mechanisms. This software allows robot programming and
program changes without disturbing or stopping production. RobotStudio has been used to
make virtual laboratories, and program robots offline. This platform has four main parts:
modeling, simulation, controller, and RAPID [8,9].

Modeling allows creating virtual environments by making or importing 3D models of
mechanical parts and machines in a production line. The virtual environment is useful to
avoid mechanical collisions between robots and other parts of a production line. In this case,
the virtual laboratory. Making a virtual laboratory starts by creating a new Empty Station.
Following that, a working environment was established. The next step is importing a
mechanical 3D model of the work area with a safety zone from the 3D modeling software.
This step has been thoroughly described in [5]. After adding the work area, a robot must be
inserted. ABB IRB 14000 has been added to the ABB Library. The position of the robot is
adjusted (position (x, y, z): 1604,900, 853, orientation (x, y, z): 0,0, -90). The next step is to
insert a smart gripper on the left and right arms. The left arm has servo fingers and a vacuum,
while the right has servo fingers, a vacuum, and vision modules. Those grippers must be
attached to each hand. After inserting the gripper, it is necessary to add a 3D model of the
workpiece to complete the mechanical model of the virtual laboratory. A complete
mechanical virtual model is presented in Fig 4.
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Fig 4. Laboratory virtual station

After adding all the necessary mechanical parts into the virtual model, a virtual controller
must be added to the project. Adding a controller is done by the following procedure: in the
Home, section, select the option Virtual Controller — New Controller. Controller with
RobotWare version 6.11.01 for IRB 14000 0.5kg 0.5m has been added. This step is crucial
for offline robot programming. The program that is going to be made is to lift the workpiece
from one side of the work area with one (right) hand, transfer it to another (left) hand, and
put it down on the other side of the work area.

Programming ABB robots starts by defining Targets. The target is the point that the robot
must reach. The main target is the home position target. The easiest way to achieve this target
is to send grippers to their home position. This should be done with the following
instructions: Gripper-Modify-Move To Pose-Jump Home. In this way, the gripper is placed
in the home position, and this position has to be saved into a target with the Home-Teach
Target instruction. This procedure has to be done for both hands. Each hand has its own
targets. The right arm has to approach the workpiece from the home position to a position
for catching trout (above the workpiece) a few targets (Target 10, 20, 30). At Target 30, the
Gripper has to be closed to grab a workpiece. Then it goes to the target for exchange - Target
40. Figure 5a shows the right Smart Gripper position in defined targets. From those targets,
a path has to be made (Path_R). This path contains all the made targets and Move (J-joint or
L-linear) instructions to make a move from one to another target. The left arm has targets to
approach the exchange point with the right arm (Target 10, 20, 30), the extraction from
exchange point (Target 35), Targets (40, 50, 60, and 80) for transferring workpieces to
another point on the work area. The last Target 70 is an extraction from Target 80 to avoid a
Gripper collision with the workpiece. Figure 5b shows the position of the left Smart Gripper
in defined targets. With those targets, a path has been made to (Path_L).
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Fig 5a. Right gripper in target positions, Fig 5b. Left gripper in target positions

After the programming is finished, the simulation could be done to check how the program
works. The simulation starts by selecting the option Play in Simulation part. When the
simulation starts, the robot goes from target to target, making moves defined by paths. The
first simulation shows that arms are not synchronized, so the program has to be changed.
Changes that have to be made are:

a) The right arm has to wait until the left arm takes over the workpiece.

b) Wait until the left arm extracts from the right gripper zone.

c) The right arm can go to a home position, and the left arm can put the

workpiece in its location in the work area.

d) Wait until both arms are in the home position.
The program must have instructions for the synchronization of arms. The easiest way to add
those instructions is to go to RAPID (code editor) and add the necessary instructions. To
make changes in the RAPID program, they have to be transferred from the virtual station to
RAPID with the option: Home — Synchronize — Synchronize to RAPID. After that, code lines
could be added. To make synchronization of arms task lists and identification points for
synchronization possible, they have to be added to the arms RAPID code. The code lines are
shown below:

PERS =</ task_list{2}:=[["T_ROB_L"],["'T_ROB_R"];

VAR sy01;
VAR sy02;
VAR sy03;
After that, instructions have to be added into the paths, in the position where

one arm has to wait for another to finish the movement. Modified RAPID programs for the
right and left arm are shown side by side below:

PROC Path_R() PROC Path_L()
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Home_R, , ,Servo\WObj:= ; Home_ L, , ,Servo\WObj:=
\InPos,sy01,task_list; \InPos,sy01,task_list;
Target_10, , ,Servo\WObj:= ;
Target_20, , ,Servo\WObj:= ; Target_10, , ,Servo\WObj:= ;
Target_30, ,[1ne,Servo\WObj:= ;  Target_20, , ,Servo\WObj:= ;
1; \InPos,sy02,task_list;
‘ Target_30, , ,Servo\WObj:= ;
Target_40, , ,Servo\WObj:= ; \InPos,1;
\InPos,sy02,task_list; ;
\InPos,sy03,task_list; Target_35, , ,Servo\WObj:= ;
ENDPROC \InPos,sy03,task_list;
Target_40, , ,Servo\WObj:= ;
Target_50, , ,Servo\WObj:= ;
Target_60, , ,Servo\WObj:= ;
MoveL Target_80, v300, fine, Servo;
\InPos,2;
Target_70, , ,Servo\WObj:= ;
ENDPROC

Each RAPID code change necessitates reverse synchronization: RAPID — Synchronize —
Synchronize to STATION. Then simulation of a changed program could be performed. A
simulation of the final version of the program with the right (red) and left (blue) tool center
point (TCP) trace is shown in Fig 6.
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Fig 6. Simulation of robot movement with TCP trace

2.ROBOT COMMISSIONING

If the program simulation is good, the program can be written into the real controller and
commissioning can start.

The PC and robot need to be connected via LAN (Service port on the robot). Then a real
(online) controller has to be added into RobotStudio with the option: Controller — Add
Controller — Add Controller (available on a network)-OK. An online controller will be
added. The next relation between virtual and online controllers must be made using the
option: Controller — Create Relation. Making a relation between these two controllers allows
transferring the program from virtual controller to online (from PC to robot) and vice versa.
After transferring the program from the computer to the robot, the commissioning can be
started. The commissioning is performed with FlexPendant. It is a lightweight remote-control
unit equipped with an HMI touch panel, joystick, different types of buttons, an E-stop button,
and a ,,dead man’s switch" connected to a robot controller. FlexPendant is shown in Fig 7.
The first thing to do is debug the program. A robot has to be in Manual mode. In this mode,
a robot is moving at a reduced speed. On an HMI panel, the FlexPendant programs for the
right and left arms have to be opened from Menu — Program Editor — (T_ROB_R and
T_ROB_L). Then the Debug option needs to be selected, and PP to Main needs to be
executed. This will put the program pointer to the first instruction in the main function and
has to be done for both arms. The next step is to start the program step-by-step, using the
next instruction button. This way, the robot executes one instruction at a time, so target
positions can be checked. If some targets have to be repositioned, Jogging mode has to be
enabled from the menu. Jogging mode is active for one arm (Mechanical unit) at a time.
Repositioning of the arm is done using a joystick.
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Fig 7. FlexPendant jog mode

If there is a need to change the position of a target, by jogging the robot is brought to the
desired position. Then the position is modified using Modify Position option. This position
has to be confirmed. In this case position of Target 30 of the right arm has been adjusted.
This is a target for picking a workpiece. And Target 30 and 70 of the left arm have been
modified to pic a workpiece from the right arm and put the workpiece down in the work area.

Hotors on

% Hanual

U= <No named program> in T_ROB_R/Module1/Path_R

Tasks e Programs_ | Modes
1 WaltsyncTask\InPos svoﬁm g This operation cannot be undone.
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® WSSl Target 30 ,v300,fine,Servo\ ®
16| WaitTime 1; 18
13 Set R Grip; 100
20 MoveJ Target_40,v300,2z100,Servo\W 20
2 WaitSyncTask\InPos,sy02,task list [\ 21 [ pontt show his diatog again.
22 Reset R Grip; %Y 74 22 Modify | Cancel |
23 waltsvnc'rask InPos s 05 g Jd'
- Add —
s Debg Instruction B L Position
mfﬁm:.: & oo A B

Fig 8. FlexPendant position modification

FlexPendant can also be used for other types of settings and adjustments in the robot
controller. When all adjustments have been done, a robot should be switched to Auto,
production mode. ABB IRB 14000 collaborative robot in motion has been shown in Fig 9.
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Fig 9. ABB IRB 14000 in motion

3. CONCLUSION

The opening of a new laboratory equipped with two ABB robots within the Science and
Technology Park in Cagak created new opportunities for the development of robotics at the
Faculty of Technical Science in Cagak. A virtual laboratory with ABB IRB 120 and ABB
IRB 14000 has been formed using RobotStudio software. This allows programming a robot
from home using a virtual environment.

A sample program has been made in a virtual laboratory, checked, and adjusted through
simulation. The program was put into the real controller. It was debugged, and some targets
were adjusted. After that, the ABB IRB 14000 commissioning has been done.

In this way, it went through the whole procedure of commissioning an industrial robot.

The following research will be focused on collaboration on difficult tasks, collaboration with
humans, and usage of vison system on Smart Gripper.
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