Intelligently programming of thin — walled
robotic component for Industry 4.0

Peter Michalik !, Jozef Zajac! Vieroslav Molnar !, Luboslav Straka !
Peter Tirpak 2, Michal Petrus 3, Martin Ambrozy*

Abstract. The article deals with the intelligent programming of the production of
a thin-walled ALMg4,5Mn duralumin robotic component. Described is the Manual
Guide i., which utilizes clear and simple programming working windows for work-
shop programming. This work-programming environment allows communication
with the superior computer to meet the conditions of Indus-try 4.0. Thick-walled
robotic component with a 2.5 mm wall thickness was milled using a 11X 203440
DIN 6535 HA TiAIN cutter with a diameter D of 12 mm at a depth of 7 mm. The
surface roughness of the milled surfaces was measured at 60 and 50 mm long by
means of a Mitutoyo SJ 400 dredger.
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1 Introduction

Like the revolutions that preceded it, the Fourth Industrial Revolution has the po-
tential to raise world income levels and improve the quality of life of the world's
citizens. New technologies and advances have brought major changes for many
countries, in the last 30 years, the number of people living in poverty has dropped
from 60% to 22% in India, while China suffered from the poverty of 600 million
people in the same period [1]. To date, those who have gained the most access to
the digital world have been the co-workers. Technology has enabled new products
and services that increase efficiency and enjoyment of our personal lives. Ordering
a taxi, booking flights, purchasing goods, making payments, listening to music,
watching movies or playing games can usually be done remotely. In the future, these
technological innovations will lead to miraculous changes in supply, with long-term
gains in efficiency and productivity gains. The Industry 4.0 philosophy progres-
sively penetrates into individual industrial areas. Its basic idea is closely related to
the use of digital models, technologies, and the subsequent application of acquired
knowledge. Because it is still a relatively new and not completely mapped concept,
it is necessary to analyze, analyze, develop and explore the various aspects of the
carrier. The aim of the project is to look more closely at the possibilities of digiti-
zation for Industry 4.0 needs in the areas of logistics and manufacturing technolo-
gies. Concretely, it will explore the possibilities of developing individual proce-
dures for the creation of digital models [2],[3]. The focus will be on verifying the
capabilities of individual software tools. In general, it is considered using tools that
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can be integrated into the PLM system [4]. Vertical integration of intelligent man-
ufacturing systems such as intelligent smart and intelligent products and intercon-
nection, for example, of intelligent logistics, production and marketing and intelli-
gent services with a strong focus on the needs, individual and specific customer
options[5]. Horizontal integration through a new generation of global networks gen-
erating added value, including business partner integration and customer-centric,
new business models, and cross-country and continent cooperation [6], [7]. Euro-
pean manufacturing plants provide a number of different processing possibilities for
manufacturing a specific product. Different advantages and limitations may arise
from each one of these processing possibilities that are function of both the geome-
try, material and the batch size of the part to be manufactured. However, one of the
main driving forces in today’s production is the environmental friendliness as well
as the quick response to market demands through an efficient process planning ap-
proach. The status quo industry today can be summarized into the following:

» Large unnecessary energy use in the industrial sector (20-50%)

»  Highly demanding customers need short lifecycle products, increasing the
need for flexible manufacturing processes

» Increased needs for fast alternative process plans proposals, for the manu-
facturing of a specific product The ENEPLAN vision is the development
of a MetaCAM tool that will optimize the process planning in terms of
energy efficiency, environmental friendliness, and quick response to mar-
ket needs, cost and flexibility. The projects key objectives can be summa-
rized into the following:

» Environmental footprint reduction for metal formed components by select-
ing a more energy efficient combination of process among those available
in the already existing supply chain.

» Energy efficiency improvement in working conditions

»  Multi-process, multi-company distributed control [8].

Roblek et al. focused in this article the importance and influence of Indus-
try 4.0 and consequently the Internet-connected technologies for the creation of
value added for organizations and society [9],[10]. The contribution of the article is
mainly conceptual. With the development of the Internet, the Internet of things that
is central to the new industrial revolution has led to “Industry 4.0.” The aim of this
article is to synthesize the known theory and practices of Industry 4.0, and to inves-
tigate the changes that will result from Industry 4.0 and with the development of the
Internet of things [11]. Cao et al. studied, the formation and characteristics of CNC
turret punch were analyzed, and the intelligent process programming system were
researched, to make CNC turret punch press more intelligently, and promote the
development of China's manufacturing industry [12],[13].

Whu researched Laser Metal Deposition Shaping (LMDS). During this process, a
certain alloy is fused onto the surface of a substrate. Laser deposition devices,
namely powder feeder. which is a state-of-the-art technologThe LMDS system con-
sists of four primary components: energy supply module, motion control module,
powder delivery module, and computer control module.y which correlates the Rapid
Prototyping and Manufacturing (RP&M) and laser processing [14].



2  Machined material and manufacturing drawings.

For machining, a blank stock of P12 x 62 x 52 mm was selected, Al Mg4.5Mn
material containing alloying elements Tab.1 with a strength of 310 MPa and a mod-
ulus of elasticity of 130 MPa. Manufacturing drawings, we see in (Figure 1).

Table. 1 Chemical composition of the material AIMg4.5Mn

Al Mg | Mn | Si Fe | Cu | Cr | Zn Ti | Other
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Figure 1. Manufacturing drawing of thin — walled robotic component

Programming of component manufacturing.

Shop — floor programming in the Manual Guide, you need to define the size of
the stock in the second block of the program (Figure 2). This block is only required
for the Simulation mode.
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Figure 2. Selection of stock for simulation

After correctly defining the individual size of the blank in the rectangular work-
ing window, the Manual Guide generates the G1902 code and writes it directly into
the editing window (Figure 3).
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Figure 3 Generation G codes for definition of dimension stock




Following selection and definition milling cycle for outer wall contouring (Fig-
ure 4). In cycle for outer wall, contouring is necessary definition depths and feeds
(Figure 5).

FANUC Series 31/-MODEL A

GUIDE i (CNC_MEM/USER/PATH1)

HANUAL
ACTUAL POS. (ABS. DIST T0 G
0.000

INSERT MILLING CYCLE

HOLE HACH. |FACE MACH.  CONTOURINGIPOCKETING |GRODVING |SPECIAL

6 1. OUTER WALL CONTOURINGCROUGH)

‘ 2. 0UTER WALL CONTOURING(BOTTOM FINISH>

‘ 3.0UTER WALL CONTOURINGC(SIDE FINISH)
‘ 4. DUTER WALL CONTOURINGCCHAMFER)

5. INNER WALL CONTOURING(ROUGH>

CYCLE YOU WANT TO INSERT.PUSH [SELECTI.

fﬁfﬁfﬁffffﬁfl
EEEEEE EEEER B

Figure 4. Selection insert milling cycle
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Figure 5. Definition parameters for outer wall, depths and feeds




In the next step we define in window outer wall contouring approaches and
escapes (Figure 6). After press button insert we can define values axis of center
point (Figure 7).
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Figure 6. Definition approaches and type escapes for machining outer wall
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Figure 7. Definition values axis of center point




Similar procedure is required or milling the inner pocket. In the last step we de-
fine tool (his shape and position axis of spindle) for simulation (Figure 8). Now it
possible make simulation of production thin walled robotic component (Figure 9).
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Figure 8. Selection of tool for simulation production
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Figure 9. Simulation production of outer wall thin walled robotic compo-
nent



After repair our mistakes in simulation program we going to prepare mandrel
and tool (Figure 10). Following adjusting X, Y and Z values for zero point of com-
ponent (Figure 11).

Figure 10. Ready mandrel and tool for milling

After selecting AUTO mode, you can milling outer wall (Figure 12) and inside
pocket.




4 Measurement of longitudinal roughness thin- walled robotic
component

Longitudinal roughness measurement on the thin-walled robotic component was
performed on a Mitutoyo SJ 400 device (Figure 13). The measurement values on

pages 1 and 2 at three places and on pages 3 and 4 at two places are denoted (Figure
14).

Figure 13. Measurement surface longitudinal roughness
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Figure 14.  Values of longitudinal roughness in various places
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Conclusion

Counter-productive, risky and positive voices for Industry 4 are concerned with
the role of the work of a human being by robots, which will lead to an increase in
the share of capital in revenue, and on the contrary, a decline in the share of labor,
at the expense of the workers. In Europe, there is a skilled workforce in the industry
and, more over, there has been a population decline (for example, it is estimated
that 20% in Germany will reduce the number of working-age workers by 20% com-
pared to the present) by 2030, is more welcome. The decisive factor in the success
of companies will be workers' talent rather than capital. Current initiatives in the
development of digital production tools include improving user experience, so in-
formation was presented in tasks that enable users to better and more quickly re-
spond. Steps have been taken to provide a direct link to workshop hardware, such
as PLCs, control devices, computer numerically controlled (CNC machines), and
more.

The Manual Guide is one of the tools leading to the digitization of manufacturing
technologies. The surface quality values obtained on each side of the thin-walled
robotic component are demonstrated. On the label side, 1 maximum value Ra= 0,26
um/Rz=1,75 um, on page 2 maximum value Ra = 0,38 um / Rz = 3,2 pm, on page
3 maximum value Ra =0, 23 um / Rz = 1.31 pum, on page 4 maximum value Ra =
0.27 um / Rz = 1.42 um. The lowest mean Ra = 0.19666 um was achieved on page
1 and the maximum Ra = 0.265 um was reached on page 4, which can be explained
by theory, the longer thin-walled area better suppresses the impact of the cutting
edges of the tool to reach lower values roughness.
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