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The article presents a method for automating the creation of trajectories of the plasmotron movement
by a six-axis robotic manipulator. The automation system was created on the basis of an industrial robot
from KUKA. The automation of the creation of trajectories of the plasmatron over the surface of the part is
implemented as follows: the trajectory of the plasmatron is created in a graphic editor in the .dwg format.
The created file is loaded into the CAM program for CNC machines. A CAM program converts a vector or
an area specified by vectors into a control command in g-code format, which is then converted to KRL by a
program written in the Python programming language. The development of the program consisted of two
stages: the creation of rectilinear movements and the creation of curvilinear movements. The result of the

method is presented.
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MeToa aBTOMATH3AIUN NepeMelleHHsI IJIa3MOTPOHA
IIECTHOCHBIM PO0OTOM-MaHUILYJISITOPOM

A. C. Kanamnukos™, M. C. Pynenxo, A. JI. Kyuepenko, A. B. T'upn, A. E. Muxees

CubupcKuii TOCyJapCTBEHHBI YHUBEPCUTET HAYKH U TEXHOJIOTHI nMeHn akagemuka M. @. Pemernea
Poccutickas @enepanust, 660037, r. KpacHosipek, mpoctr. uM. ra3. «KpacHospckuii pabouniny, 31
“E-mail: fangy.ko@gmail.com

B cmamve npeocmasnen memoo asmomamuzayuu co3zoanus mpaekmopuii 08udCenus Nia3MOmMpoHa
wecmuocHbolmM  pobomom-manunyasmopom.  Cucmema  agmomamuszayuy — co30asanace Ha — 6aze
npomvluiienno2o poboma xomnanuu KUKA. Aemomamusayus co30aHus mMpaekmoputl O0GUIICeHUs
NIA3MOMPOHA HAO NOBEPXHOCMbIO OeMalu Pedru308aHa CAeOyIouuM 00pa3oM: cO30aemcs mpaeKmopus
O08uUdICeHUs NIAsMampona 8 epaguyeckom pedakmope 6 gopmame .dwg. Cozoannviii ghatin 3azpyscaemcs 8
CAM-npocpammy ons cmanxos ¢ YI1Y. CAM-npoepamma npeobpaszyem eéexmop uau obaacmo, 3a0aHHYIO
6eKMOpaMU, 8 YNpaeIAowyio Komanody 6 g-code ¢opmame, xomopas 3amem npeobpazyemcs ¢ KRL
npOSPAMMON, HANUCAHHOU Ha A3biKe npozpammuposanus Python. Paspabomxa npozpammvl cocmosina u3
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08YX 9Manog: co30anue NPAMOIUHEIHBIX OBUNCEHULL U CO30AHUe KPUBONUHEHbIX 08udiceHull. TIpedcmasnen
pe3yabmam pabomul Memood.

Knioueswvie cnosa: nnasmennoe nanvinenue, npomviiinennvii pooom, Python, asmomamuzayus.

Introduction

In the aerospace, metallurgical, and oil-producing industries, the requirements for safety, reliability,
and durability of products during operation under extreme conditions (high temperatures, dynamic
loads, corrosive environments, etc.) are increasing every year. To meet these requirements, it becomes
necessary to apply protective coatings to products. One of the methods for applying protective coat-
ings is plasma spraying, which is widely used in aerospace engineering [1-4].

Every year the number of products used in rocket and space technology is growing, their shape and
size are becoming more complicated [5-8]. In this regard, the methods of applying plasma coatings
become practically impossible. The working body for coating is a plasmotron [9-10]. A jet of low-
temperature plasma is created in the plasmotron, into which the powder of the coating material is fed,
the powder melts under the influence of the plasma temperature and is applied to the substrate-
product. However, in order to obtain a coating, the plasmotron must be moved over the surface of the
substrate along a certain trajectory and at a certain speed. To do this, the plasmotron is placed on a
robot manipulator, which ensures its movement.

There are a large number of industrial robot manipulators on the market that can move the plasmo-
tron during the spraying process, for example, robots from KUKA, Doosan ROBOTICS, ABB, etc.
[11-13]. The robot manipulator is a six-axis industrial mechanism with drives and gearboxes. A plas-
motron is installed on the mounting flange of the A6 axis (fig. 1).
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Fig. 1. The axes of a six-axis industrial robotic arm and the possibility of their movement

Puc. 1. Ocwu 1mecTHOCHOT0 POMBIIUTEHHOTO SiX-axis industrial robotic arm pobora-manumysTopa
U BO3MOXHOCTb MX TIEPEIBIKEHUS

There are plasmotrons that are capable of coating hard-to-reach places [14], but without a program
for automating the movement of the plasmotron, their efficiency drops. Manufacturers of industrial
robots provide paid software for creating control programs, the functionality of which is excessive for
the movement of the plasmotron during coating. The acquisition of such software is not advisable,
however, manual programming of trajectories is labour-intensive. Therefore, the task of developing a
method for automatically controlling the movement of a plasmotron by an industrial robot is of current
interest.
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The system of the automation of the movement control process was developed for the industrial ro-
bot of the KUKA KR16-2 series, it is worth noting that the method can also work with other versions
of industrial robots. If the plasmotron is moved by a 6-axis KUKA robot, it is controlled from a porta-
ble programming device — the KUKA smartPAD control panel. KUKA robotic arms are programmed
in KRL. Plasmotron movement trajectories can be specified by the following types of commands:

— Point-to-Point (PTP) movement — movement occurs along the fastest trajectory, which, as a rule,
is not a straight line. Due to the fact that the axes of the robot perform rotational motion, non-linear
trajectories are executed faster than linear ones;

— linear movement (LIN) — movement is performed in a straight line;

— circular movement (CIRC) — movement along a circular path. Auxiliary (lying on the trajectory)
and target points are set;

— SPLINE movements — for complex curved trajectories [11].

Automation of creating trajectories for processing a flat surface is implemented as follows: the tra-
jectory of the plasmotron movement is created in a graphical editor in .dwg format. The created file is
loaded into the CAM program for CNC machines. A CAM program converts a vector or a region de-
fined by vectors into a control command in g-code format, which is then converted to KRL by a pro-
gram written in the Python programming language.

To do this, it is necessary to create a program on the KUKA SmartPad control panel. Then you set
the starting point and save it. The program on the control panel is saved in two files. The first file of the
.src format stores the program code, and the sec-
ond file of the format .dat stores the coordinates
of the points, the shaft rotation angles and other
necessary parameters.

The Python program developed by us parses
files from the KUKA smartPAD control panel
and the trajectory file in g-code format from the
CAM program using regular expressions using
the re module [15]. Then the program generates a
file with a control trajectory, supplementing the
program code in the file with .src format. This
file is loaded on the KUKA smartPAD.

The algorithm of actions for creating a control
program is shown in the flowchart in fig. 2.

The created program converts the g-code format
in KRL into LIN movement, which was imple-
mented at the first stage of the method develop-
ment. Further, the distance between the points of
the trajectory is analyzed and determined whether
Fig. 2. The flowgraph of an automated algorithm they lie on a straight or curved section, which was

for creating a control program implemented at the second stage of development.

r—— ——————

|Python program

Puc. 2. brnok-cxema aBTOMaTHU3UPOBAHHOTO aJITOPUTMA
CO3/IaHMs YIPABIISIOMIEH MPOrpaMMBbl

First stage
At the first stage, the creation of linear trajectories (LIN movement) is implemented, which is neces-
sary and sufficient for coating rectangular areas of the part surface.
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In the created motion trajectory by the CAM program, the starting point is set by zero coordinates,
for this, as indicated in the flowchart, it is required to set the starting point, according to which all
points of the trajectory will be recalculated. The trajectory in g-code format is shown in fig. 3. These
data are converted to KRL format. The possibility of having a change in coordinates along one axis is
taken into account. Extra data for us, such as spindle speed and others are ignored.

AS[LI98, SLEL A (LT S0 X1.177Y-32.378 LIN {X 1.177, ¥ -32.378)
X1.601Y-32.322 LIN {X 1.601, Y -32.322)}

5 X1,458Y-32,232 " LIN (X 1.458, Y -32,232)

NTEIRIT, Beg-code > X1,342Y-32.116 i KRI » LIN {X 1.342, Y -32.116}
| X1,252Y-31,973 | LIN {X 1,252, Y -31,973}

TP ' X1.196Y-31,812 ' LIN {X 1.196, Y -31.812}
L YTy X1.177Y-31.647 LIN (X 1.177, Y -31.647)

Fig. 3. Specifying a linear motion in the control program in g-code format and in KRL

Puc. 3. 3aganue npsAMOIMHEHHOTO IBI)KEHHUS B YIIpaBILTIONIEH porpamMme B g-code ¢popmare u B KRL

Second stage

At the second stage, the motion commands CIRC and SPLINE for curved sections of the trajecto-
ries were evaluated, since the use of LIN for these purposes leads to a long “hanging” of the plasmo-
tron over one area, which violates the calculated spraying mode. The results of the evaluation showed
that for the given task it is more advantageous to use the SPLINE movement, since it provides smooth
movement at a given speed without “hang-ups”, in contrast to CIRC.

The implementation algorithm with SPLINE movement is based on the program of the first stage
with further analysis of the trajectory points. The CAM program divides a curved line into a set of
points, respectively, by estimating the distance between two adjacent points using the formula

r, Z\/(Xn+1 —%,)%+(¥,,1— ¥,)?, one can determine whether they lie on a straight or curved line and,
accordingly, change the linear motion command to SPLINE.

IN {X 975.198, Y 247.1396)

SPLINE
SPL (X 975.145, Y 247.579)
I SPL (X 975,119, Y 247.772)
‘:_;"'i:‘. {'A' ~ , ‘ SPL (X 975.122, Y 247.967)
FRA IS5 122 M98 B KRL SPL (X 975,154, Y 248.159)
: yraathy f,fl ‘ SPL (X 975.214, Y 248,.341)
\ BL 1975198, 247 398 ' SLIN (X 976,080, Y 250.150)

ENDSPLINE
LIN (Z 280.108)
LIN (X 974.604, ¥ 257.487)

Fig. 4. Defining a curvilinear movement in the control program (KRL)

Puc. 4. 3amanne KPUBONMHEHHOTO ABIKEHHS B ynpapisomel mporpamme (KRL)

To achieve this, it is necessary to eliminate the absence of one of the coordinates of the point when
it is repeated (when moving parallel to the X or Y axes). The beginning of the movement SPLINE is
set by the SPLINE command and ends with the ENDSPLINE command, the movement within this
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block is formed by the SPL command for a curved line and the SLIN command for a straight line.
Movement along the Z axis is formed by changing only this coordinate, carried out by the movement
of LIN. The commands in the control program have the form shown above in Fig. 4.

Conclusion

The created program in the Python language allows one to program the movement of the plasmo-
tron on a 6-axis KUKA KR16-2 robotic arm using a CAM program for CNC machines. This simpli-
fies the creation of trajectories of the plasmotron on the surface of the parts. The table shows the stages
of automating the creation of trajectories of the plasmotron. To visualize the result of the program, a
marker was installed on the mounting flange of the robot manipulator, which displayed the specified
trajectory.

Stages of automating the creation of trajectories

Ne Trajectory display View

1 In the graphic editor

In the CAM program
for CNC machines

X73.508Y-41.038
X-73.500Y-41.038
X-73.580Y-33.577
X73.508Y-33.577
X73.508Y-26.115
X-73.500
X-73.500Y-18.654
X73.500Y-18.654
LIN {X 987.113, Y 209.41}
LIN {X 987.113, Y 216.871}
LIN {X 1854.113, Y 216.871}
LIN {X 1@54.113, Y 224.333}
LIN {X 1830.237, Y 224.333}
SPLINE
SPL {X 1030.745,
SPL {X 1031.229,
SPL {X 1031.685,
SPL {X 1032.113,

3 In g-code format

4 In KRL

224.91}
225.514}
226.142}

Y
¥
Y
Y 226.793}
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In the future, it is planned to improve the program for three-dimensional trajectories, for example,
using the finishing processing of the relief of a three-dimensional part in the CAM program, it is pos-
sible to spray a coating with a plasmotron on three-dimensional parts of simple shapes, such as a re-
flector. It is also planned to reduce the number of steps of the automation algorithm by introducing a
Python program into the CAM program with a macro and consider other automation options.
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