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THE USE OF SMARTCOMPONENTS IN THE DESIGN
OF COMPLEX ROBOTIC WORKPLACES

This article deals with conceptual designs for welding operations in the ABB simulation environment RobotStudio pro-
gram. This software is used for offline programming of robots from this robot manufacturer. It contains many useful functions
for the creation of robotic workplaces, and one of these functions is the so-called SmartComponents.

The article contains a description and creation of individual objects, mechanisms and devices used in the concept of the
workplace, as well as a detailed description of the construction of the workplace. Furthermore, this part contains the generation
of signals and the creation of various operations for designing and subsequently simulating the movement of robots performing
a technological operation, using the arc welding method.
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Relevance of the research. Industrial robotics, specifically industrial robots, have a large
presence in various technological sectors in today's world. Although the average person en-
counter a robot every day, these devices affect several aspects of our lives. They are widely
represented, for example, in the automotive industry, where they are most often used for tech-
nological operations such as welding, painting or assembly of individual parts. Their use in
industry significantly shortens production time and eliminates the strenuous and dangerous
work that people would have to do. At the time of the COVID-19 pandemic, some companies
began to realize the benefits of robotics and began to gradually implement industrial robots in
their production operations [1].

Nowadays, there are several methods of programming industrial robots. One of them is the
offline programming method. This method consists in creating the desired robot program in a
virtual software environment. For this, simulation software is used, such as RobotStudio along
with SmartComponents plugins.

Problem statement. The subject of robotics covers many different areas. Robots alone are
rarely useful. They are used together with other devices, peripherals, and production machines.
They are generally integrated into a system designed to perform a task or an operation. Robots
are very powerful elements of today's industry. They can accurately perform many different tasks
and operations and do not require the usual safety and comfort features that a human worker
would need. They also enable a certain activity to be carried out continuously and without the
break that a human worker would need. Robots are computer-controlled machines that are pro-
grammed to move, manipulate objects, and perform work while interacting with their surround-
ings. To approach this problem, a robotic station was created on which various SmartComponents
were tested for different types of mechanisms, e.g., positioner or linear motion of the robot [2].

Analysis of recent research and publications. Offline programming means that the oper-
ator builds a virtual scene of the robot's working environment in the programming software and
completes the program design of the robot according to production requirements. Offline pro-
gramming usually allows simulation, but also program testing, e.g., collision detection. Alt-
hough the offline programming method is usually adopted by traditional industrial robots, this
method can be used to program collaborative robots if the online programming method cannot
meet the requirements of the task. The advantage of this programming method is that the pro-
gramming can be done while the robot is still in production on a previous job, so the robot's
production time is not lost due to delays in programming the robot to a new task.
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Other advantages are efficient programming of program logic and calculation with the state of
debugging facilities, locations are built according to models and this may mean that the programmer
will have to fine-tune the programs online or use additional sensors, program verification using
simulation and visualization, costs independent of production, production can continue during pro-
gramming, tools to support the process, for example selection of welding parameters [3;1].

ABB RobotStudio is an engineering tool for configuring and programming ABB robots,
both real robots in operation and virtual robots on a PC. To achieve real offline programming,
RobotStudio uses the ABB VirtualRobot technology, or the so-called virtual controller together
with add-ons for importing parts from CAD programs and the library itself, which contains
ABB mechanisms and robots.

Due to the large availability of information online and the large amount of work devoted
to the basic description of the environment and familiarization with the ABB RobotStudio soft-
ware, we will not describe the basic environment and functions of this software, but in the
following chapters we will describe the SmartComponents with which we can simulate the
various required functions and properties.

Uninvestigated parts of a common problem. Despite a large part of work on the creation
of robotic workplaces in offline environments as a whole and individual elements, as well as
the interpolation control mode, it is not possible to create complex simulations with technology,
for example welding. Then there is a situation where it is necessary to use SmartComponents.

SmartComponents is an object in ABB RobotStudio (with or without a 3D graphical rep-
resentation) that has behaviour that can be implemented using code or aggregations of other
SmartComponents. In the following subsections, we will describe several basic SmartCompo-
nents, as we will use and assemble several SmartComponents to simulate some properties in
the environment during the design of concepts and the creation of simulations [4].

Research objective. The purpose of the article is to build a robotic workplace in an offline
program with industrial robots, a positioner and ABB welding technology that used SmartCom-
ponents. To achieve the above, it is necessary to solve the following tasks:

- suitable location of the devices for the entire workplace,

- design logical control for robots and positioner,

- design management,

- testing.

The statement of basic materials. With the help of these SmartComponents, we can detect
what kind of object it is and, in combination with other components, perform various functions
such as moving the detected object in space or attaching it to another object. The Collison Sen-
sor detects collisions and events in which a collision occurs, or the permitted boundary is ex-
ceeded between the first and second object. If one of the objects is not defined, the other will
be checked against the entire station. When the signal is active and a collision or near-collision
event occurs and the component is active, the Sensor Out signal changes its value to one. Ob-
jects that participate in a collision event or near collision event are reported. Line Sensor defines
a line using Start, End and Radius. If the active signal is high, the sensor detects objects that
cross the line. Intersecting objects are displayed in the Closest Part property, and the point on
the intersecting object that is closest to the start point of the line sensors is displayed in the
Closest Point property. When an object is detected, the output signal Sensor Out is set. Plane
Sensor defines a plane using Origin, Axisl and Axis2. When an active input signal is set, the
sensor detects objects that cross this plane. Intersecting objects are displayed in the Sensed Part
property, and the SensorOut output signal is set if an intersection occurs. Closest Object defines
a reference object or reference point. If the Execute signal is set, the component finds the Clos-
est Object, Closest Part, and Distance to the reference object, or to the reference point if the
reference object is not defined. If a reference object is defined, the search is limited to this
object and its parts. When the relevant properties are completed and updated, the Executed
signal is set. Fig. 1 shows the setup of the necessary sensors [5].
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Fig. 1. Sensors

With these components, we can create various actions, €.g., such as attach, detach, or generat-
ing a copy of the original object. In some cases, it is advantageous to use these components with
sensor components. If the Execute signal is set, the Attacher attaches the defined object in Child to
the Parent object. If it is a parent mechanism, the primary Flang object to connect to must also be
specified. When the Execute input is set, the child object is connected to the parent object. If the
Mount option is enabled, the Child will also be attached to the parent with the specified Offset and
Orientation. After completion, the Executed output will be set. Detacher detaches the Child from
the object it is attached to if the Execute signal is set. If the Keep position option is enabled, the
position will be preserved. Otherwise, the Child is positioned relative to the Parent object. After
completion, the Executed signal will be set. The Source property of the Source component indicates
the object that should be cloned when the Execute input signal is received. The parent of cloned
objects is specified by the Parent property, and the reference to the cloned object is specified by the
Copy property. The Executed output signal means that the clone is complete [6].

Attacher 2 Detacher 2 Source
Properties - 5 Propertes
Parent () rope —— Soutce ()
Flange ) Child () Copy 0
Child () KeepPosttion (True) Parent )
Mount (Fal , ? Poswon (10.00 0.00 0.00] mm)
OHset [0.00 000 g.ec)o: men) 10 Sme Orientatien (10.00 0.00 0.00] deg)
Orientation (10,00 0,00 0.00] deg) Execute (0) » Executed (0) | Nt Guln)
PhyscsBehavior (None)
O Signals “l:S;w;‘ o
Execute (0) » Executed (0) o
- Execute (0) » Executed (0)

Fig. 2. Actions

Description of some 3D models. It will mainly be about 3D models, which are necessary
for the design and implementation of the simulation for the workplace concept. Each model
was created in SolidWorks 2018. Other used models, mechanisms and various elements were
used from the RobotStudio library. In the concept, we will work with the same construction.
The structure is made of two pieces of profile steel TR OBD 70x40x5 — 2100, four pieces of
profile TR OBD 70x40x5 — 860 and one piece of profile TR OBD 70x40x5 — 460. The indi-
vidual profiles of the structure will be connected to each other by means of an integral joint —
weld. It is a corner weld along the entire length, the height of the weld is 4 mm. In the concept,
we will simulate arc welding using industrial robots and one positioner. Due to the need to fix
the welded object, it was necessary to design a positioning fixture [7].
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Fig. 3. Holder for steel construct

Due to the large size of the workplace, thanks to the use of components, we will present
the layout of the workplace using a Table where the coordinates of the individual mechanisms
will be. Each component used in the program has its own local point of origin, which can be
used to determine the position in space from the reference point of the entire station [0, 0, 0].
This point is located near the positioner. In Tab. 1, individual rotations of mechanisms and
devices around the axis are also included. The Y axes of both robots are not fixed, as both robots
move using linear units. The entry point "A" is the point of the "Source" component that creates
the palette. The output point "F" is the point on the path of the IRB 6660-100/3.3 robot, where
the structure will be released from the gripper [8].

Table — Location of the devices

X Y Z R« Ry R.

Entry point “A” 4740 13477 415 0° 0° 0°

Exit point “F” 6220 -5410 209 0° 0° 0°
IRBT 6004 3125 | 20905 13 0° 0° -90°
IRB 6660 3600 - 397,5 0° 0° -90°
IRBT 2005 -1842 | 20745 0 0° 0° -90°
IRB 2600 -1550 - 460 0° 0° -90°
IRBP K-600/1200 1070 -3000 0 0° 0° 180°

Each performed task at the workplace is triggered after the previous task is completed. The
whole process is automated, and we do not need to interfere with the program during the sim-
ulation. The first task is performed between points A, B. At point A, a pallet with a holder and
profiles is created, which is then moved to point B. Between points B and D, the second task is
performed, which starts after detecting the presence of the pallet at point B. At point B the robot
gradually removes individual profiles and at point D places them on the fixture. The departure
of the empty pallet from the workplace is carried out between points B and C after the comple-
tion of the second task. After saving the profiles on the fixture at point D and if the fifth task of
the workplace (simulation of the journey - welding) is completed or if there are no other fixtures
on the second fixture profiles, the fourth task is performed, changing the positions of the posi-
tioner. If there are profiles at point E on the fixture and the fifth task has not yet been performed
after the position change of the positioner has been performed, then the fifth task (path simula-
tion - welding) will begin. After finishing the fifth task and at the same time, if there are profiles
on both fixtures, the sixth task begins, which is performed between points D and F [9].

After creating the required actions and processes that take place at the workplace, it was
necessary to create the correct signal connections, the so-called design. This is what the station
logic is for, which can be found in the Simulations tab, the Configure section. In the logic of
the station, we connected all the necessary taps and input signals with which we simulate the
entire process.
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Fig. 4. Workstation

We connected all the signals from both virtual controllers as well as the SmartComponents
we created. For some commands, we also used logical gates such as AND, NOT or OR, which

ensure the correct functioning of the entire station. All signal connections in the station logic
are shown in Fig. 5 [10].
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Orientaton (10,00 0,00-90.00]d..) Dequeue (0)
Transient (False) Clear (0)
PhysicsBehavior (None) .
10 Signdly e "B LogicSRLatch_2
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Fig. 5. Design for logical control and management for workstation

The last task performed at the workplace is the removal of the structure from the prepara-
tion and its subsequent placement on the prepared pallet. We perform this task using the IRB

6660 robot, with which we also performed the first task at the workplace. The proposed control
for the entire testing operation was successful [11].
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Fig. 6. Testing proposed control with SmartComponents

Conclusions. The goal of this paper was to design an offline program using SmartCompo-
nents to control a robotic workstation. This station contained the IRB 6004 robot, which removed
steel profiles from the belt conveyor and inserted them into the fixture in the positioner. This
positioner then ended by 180 degrees where another operation took place and that was arc weld-
ing. At the same time, another frame for welding was unfolded on the other side of the positioner
with the help of the first robot. After welding the frame, the positioner rotated, and the robot
removed the welded frame to the pallet. This complex operation of storing the frame, welding
and subsequent transfer to the pallet would not be possible without the use of SmartComponents.
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BUKOPUCTAHHA PO3YMHUX KOMIIOHEHTIB
Y IPOEKTYBAHHI CKJIA/JTHUX POBOTU30BAHUX MICIb

Memoto yici cmammi 6yno pos'achumu podomy 3i SmartComponents. Mu nosnaiomunucsa 3 Memooamu npozpamy8anHs
npomucnosux pobomis. Mu npedcmasuiu npoepamue 3ab6esneventa mooeniosanns RobotStudio 6i0 ABB, axe euxopucmogy-
€MbCAL 0151 ABMOHOMHO20 npoepamysants pobomis. [Ipedcmasneno oesxi SmartComponents, AKi 6UKOPUCTOBYIOMbCS 8 YbOMY
NpoSPAMHOMY 3a6e3neYeHH] MOOeN08aHHsL OJis BUKOHAHHS PI3HOMAHIMHUX HeOOXIOHUX Ol Ha poOoUOMY MicyL.

Ha nouamky pobomu yeaza npucesuena npesenmayii cmeopenux Hamu mooenei Ons npoEKMy8anHs, a OKpemy anasy mu
NPUCBATUNU CHBOPEHHIO BIACHO20 PYHKYIOHATLHOL0 MEXAHIZMY 3 OONOMO20I0 NPopaMHo2o 3abesneuenns RobotStudio, sike
32000M BUKOPUCIOBYBATIU NPU NPOEKMYBAHHT poOOUUX Micyb. [lani npedcmaesieHo oKkpemi npucmpoi, AKi 6UKOPUCTIOBYIOMbCSL
Ha pobouomy micyi. Ix Komnomnyeauns i nodanviue CmeopenHs 3a60aHb BUKOHYIOMbC HA POBOYOMY Micyi 3a D0NoM02010 inme-
JIeKMYANbHUX KOMNOHEHMIB | PISHOMAHIMHUX CUSHATIB, WO CINEOPIOIOMbCA 8 KOHMpoiepax pobomis. Lle HeoOXioHo 01 mole-
osanua moodenetl y npoepami RobotStudio, a maxooic y npoepamax CAIIP, ocobauso SolidWorks i Creo. /[na opyeoi konyenyii
Mu posensuynu Qyukyio Multi Move.

Iicas cxnadanmns 060x pobouux cmanyiil Mu NOGUHHI OeKiIbKA PA3ie 3M00eo8amu npaye30amHicms pooouux cmanyii
i nepegipumu ix QYHKYIOHANbHI MONCIUBOCMI. Y NOOATLUIOMY Ye 00380JI€ NOPIsHAMU 00U08I KOHYenyii 3 MmouKku 30py epex-
MUBHO20 GUKOPUCMAHHS NPUCIPOIB, SKI MICMAMbCA 8 po3podneHux konyenyisx. ITicis cmeopentss 060X KOHCMPYKYiu y npo-
epami RobotStudio moscna Oyoe saowadumu eumpamu Ha npuOOaHHsA 0OIAOHANHA ADO NPOCMOT MidC Onepayiimu.

3amina 0o0Ho20 KOHEeEEPA, NO AKOMY HA NIOOOHT PYXAIOMbCA MPU PI3HI cmanesi npogini, ma UKOPUCMAHHA MPbOX PISHUX
KOHBEEPi6 00360/151Mb CKOPOMUMU HAC 36APIOBAHHA, | MUM CAMUM 00CASMU OitbUol KITbKOCHI 6U20MOBTIEHUX KOHCMPYKYI.
3a nonepeonimu oyinkamu 6 nepwiil Konyenyii epekmugnicmo poboma IRB 6660 6yoe na 7,2 % nudicue, Higc y 6unaoxy opyeoi
Konyenyii. L]e nog’sa3ano 3 mum, wo 3a nepuLoio Konyenyiero 610 8U20MOBIEHO 3a OOHY 200UHY 3a2anoM 13 wmyk, a 3a Opy2oro
ix 6yno 16. Ile 3abe3neuuno 6invu ecpexmusne suxopucmants poboma IRB 6660 y opyeiii konyenyii.

Knrwuosi cnosa: SmartComponents; mooenoeanns 3eaproéanns; RobotStudio,; koncmpykyis, 0yeoge 36apioéanHs.
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