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ABSTRACT

This paper describes the concept of unified modeling of analysis tools, as modeling is regarded as useful
method for the mechanism planning of devices, machines, individual parts, and assemblies used in
mechanical engineering. Modeling is one of the analysis tools that permits to preliminarily study some
objects, methods, or developments at given properties; accordingly, modeling tends to understand the
nature of those characteristics and then re-creates an object, process, or phenomenon that has a degree of
common relationship. Thus, modeling is the process of reflecting and learning some properties with the aim
of further recreating these properties and improving them if necessary. On the investigated model of the 3D
model for a small-sized portable portal miller, the selection of individual parts of such a tool is shown and
justified. Moreover, a diagram of a conveyable portal edge machine with Computer Numerical Control
(CNC) has been generalized and developed. Through investigating the modeling and designing the
necessary devices and mechanisms, a variety of systems have been studied to explain the reason for
choosing the SolidWorks system for modeling types. The choice of individual components of a small-sized
portable portal milling machine is demonstrated and justified using the example of making a 3D model. In
addition, a generalized and developed block diagram of a portable portal milling machine with CNC has
been created, where each element of such a block diagram is described and a recommended selection is
made. Finally, individual components of a portable portal milling machine were modeled with CNC and the
results are displayed for a detailed 3D model of the milling machine's top portal assembly with the G-
PENNY MACHINE spindle fitted is also displayed.

Keywords: Computer Numerical Control (CNC), 3D parametric modeling, Automatic Tool Change (ATC),
Line Print Terminal (LPT), Universal Serial Bus (USB)

1. INTRODUCTION where the possibilities of computer science are

widely used [3, 4]. It is also possible to consider

Modeling is one of the research tools that allows
preliminarily studying some object, process, or
phenomenon at given properties to understand the
nature of these properties and then recreate such an
object, process or phenomenon [1, 2]. Thus,
modeling is the process of reflecting some
properties and studying them with the aim of further
recreating such properties and, if necessary,
improving. Then, the necessary properties are
explored in advance and lay these features in order
to recreate the most recommended output, such as
the object investigated in this paper, where
modeling can also be considered as an integral part
of information technology, which permits to create
objects with desired properties. In this case, it is
appropriate to talk about information modeling,

other aspects of modeling as a general tool of
knowledge [5-10]. A special place among the
various aspects and possibilities of modeling is
occupied by computer graphics, in particular,
computer graphics technologies and software can be
used for automatic design and simulation of
parametric object modeling systems. Among the
various areas of modeling for automatic design
systems and parametric object modeling systems, it
is important to note the modeling of units and entire
means of production, which makes it possible to
manoeuvre when there is a shortage of replaceable
parts of individual components of the production
means or to create new small-sized devices and
components. It should also be noted that various
modeling tool systems, which are closely related to
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the automation of modern production, can be also
used, taking into consideration that among such
systems, the following aspects should be noted:
CATIA, T-Flex, Unigraphics, AutoCAD, and
SolidWorks [11-14], as these systems make it
possible to develop 3D models of various tools,
machines, individual elements and units of
equipment, and simulate various loads on them in
order to determine the design features and material
of the part immediately before its manufacture,
which ultimately determines the relevance of the
chosen research topic, and its practical significance.

Computer numerical control (CNC) machines
play an essential position with inside the production
industry. These complicated machines are managed
via a Personal Computer (PC) and offer a degree of
efficiency, accuracy and consistency that could be
not possible to reap via a guide process. Operations
that have been not possible years in the past at the
moment are smooth way to CNC machining. Just as
there are numerous distinctive components that
CNC machines can make, there also are diverse
styles of CNC machines used to perform this. Each
device differs in construction, the manner they
function and the styles of product they are able to
make. Keep studying to examine all approximately
the distinctive styles of CNC machines and their
specific functions.

CNC machining may be described as a method
wherein  pre-programmed computer software
program dictates the motion of manufacturing unit
equipment and tools. As a result, producers can
produce components in much less time, lessen
waste and remove the chance of human error.

This production method is used to govern a huge
type of complicated equipment, in an effort to be
mentioned on this article. Essentially, CNC
machining makes it viable for three-dimensional
cutting to be completed by following one set of
prompts.

Most recent applications that imply CNC are
shown in [15-20], where in [15] CNC was
implemented to control a laser engraver used for
remote imaging in limited space work, in [16] CNC
was utilized for a 3-axiz machine for the propose of
a low-cost human machine interface, in [17]
provides a wide range of recent applications in
mechanical processing, in [18] deep learning and
internet of thing technics were implemented to
monitor and secure the CNC machines against
cyber-attacks, in [19] CNC was applied over the
Artisanal cutting of leather accessories used to
produce shoes, and Raspberry pi and cloud

computing were used to achieve a dependable CNC
controller was introduced in [20].

One of the most common types of CNC
machines, a CNC router uses computer controls to
cut various materials. Mills can translate specific
programs from numbers and letters to move the
spindle in different ways. This is one of the criteria
that determine the scope of this study.

This paper describes the concept of unified
modeling of analysis tools, as modeling is regarded
as useful method for the mechanism planning of
devices, machines, individual parts, and assemblies
used in mechanical engineering. This makes it
possible to simplify the creation of the necessary
nodes, devices with specified properties. Also, costs
and time are minimized when creating samples of
new equipment. Therefore, it is important to first
justify the need to develop a certain node, device,
then develop a model, and then implement it. These
determine the need for this study. On the
investigated model of the 3D model for a small-
sized portable portal miller, the selection of
individual parts of such a tool is shown and
justified. Moreover, a diagram of a conveyable
portal edge machine with CNC has been
generalized and developed. Through investigating
the modeling and designing the necessary devices
and mechanisms, a variety of systems have been
studied to explain the reason for choosing the
SolidWorks system for modeling types. This is also
an important aspect in the rationale for this study.
The choice of individual components of a small-
sized portable portal milling machine is
demonstrated and justified using the example of
making a 3D model. In addition, a generalized and
developed block diagram of a portable portal
milling machine with Computer Numerical Control
(CNC) has been created, where each element of
such a block diagram 1is described and a
recommended selection is made. Finally, individual
components of a portable portal milling machine
were modeled with CNC and the results are
displayed for a detailed 3D model of the milling
machine's top portal assembly with the G-PENNY
MACHINE spindle fitted is also displayed.

2. RELATED WORK

There are many recent researches in which both
the issues of choosing tools for carrying out the
corresponding modeling process and the issues of
direct modeling for the design of various
components and tools are studied for machine tool
elements and equipment units. Generally, modeling
systems for designing various units, tools,
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machines, elements, and units of equipment can be
conditionally divided into the several classes,
taking into account the creation of a comprehensive
picture of the future model [21, 22], which are as
following:

First: Low-level system (two-dimensional
modelling system), such as AutoCAD, CADdy,
CADMECH Desktop, Master CAM, Telex CAD,
Omni CAD, and Compass-Graph.

Second: Mid-level system (3D modelling), such
as SolidWorks Solid Edge, Cimatron, Form-Z,
Autodesk Inventor, Solid Master CAD, Mechanical
Desktop, and Design Space.

Third: Top-level (3D modeling), such as
ADAMS, Ansys, Catia, EucliD3, Pro/Engineer, and
UniGraphics.

The more complex the model, the more the
accuracy and efficiency are obtained, which
requires a higher-class modeling system.

The broadest review of the relevant modeling
systems is presented in [23]. At the same time, in
[24] one can find a comparison of various programs
for 3D modeling — modeling in systems that give a
more accurate and complete description of the
objects, devices, assemblies, parts, equipment in
general. The work in [25] is devoted to a review of
software libraries to characterize the corresponding
modeling systems of different levels.

Despite the variety of modeling systems, there
are two main leaders that are used to build models
and design various units, tools, machines, elements
and equipment units, which are SolidWorks and
Autodesk Inventor [23-25], where both systems are
designed for 3D parametric modeling. Despite the
fact that SolidWorks is a middle-level system, it has
sufficient functionality and versatility, which is
noted by various researchers, such as in [24], and
[26, 27], where SolidWorks expands the
possibilities of three-dimensional modeling for
many developers, which was achieved by the fact
that SolidWorks tolerates arbitrarily changing parts
directly from the assembly; consequently, the
connection between the parts and the assembly
guarantees their synchronous update when any
parameters change. Thus, assembly drawings can
be created at any stage of modeling and design.
Based on this, in the proposed modeling in this
research, the SolidWorks system was adopted.

Many researches in which the issues of the
specific use of various systems for the
corresponding modeling are considered, where the
issues of creating electronic models are mainly

considered to greatly facilitates the process of
designing and creating new models of devices,
machines, and their individual components.

A. H. A. Hassan and N. Kurgan consider the
process of creating an electronic three-dimensional
model of a rectangular plate in the Ansys system
[28]. V. Vlajkov, E. Desnica and I. Palinkas explore
the process of creating an electronic three-
dimensional model in the SolidWorks system [29].
The work in [30] presents the use of CAE for
numerical simulation of a multistage automatic
control system that can change the speed and flow
of air as per request. The paper [31] presents the
CADLAB subsystem, which allows generating
various details of the overall process of designing
and modeling various devices, machines, and
assemblies, so, both different modeling systems and
different directions for their usage can be
understood. Moreover, [22-31] justifies the choice
of the proposed research's direction for the general
design and modeling process that is associated with
the development of a small-sized portable portal
milling machine modeling, consequently, the
investigated research is aimed at general drifts in
the development of the industry segment, as well as
various issues of its unification, standardization,
additional opportunities in the field of automating
repetitive work, solving everyday design problems,
as well as in the implementation of projects, and
coordination of teams with any territorial location,
which makes it necessary to develop samples of
small-sized equipment and devices.

3. BACKGROUNDS: CNC MODELING OF
MILLING MACHINES

Nowadays, the milling machines are regarded as
the most universal means implemented for surface
treatment, which apply Computer Numerical
Control (CNC). CNC milling machines allow
producing parts with complex curved surfaces,
which suites both of serial parts production and
single batches. Milling machines can be divided
into industrial, portal middle class and desktop
machines [32, 33]. Industrial CNC machines are the
largest and most expensive, with average market
prices ranging from $62,000 to $700,000. A
striking example is the CNC Siemens Sinumerik
808D Advanced (figure la) and CNC Cormak
MILL 500 ECOLINE (figure 1b) [34, 35].

Though this type of industrial CNC machines
have many important advantages, but they still have
a number of significant drawbacks, such as:
stationarity (difficulty to move due to large
dimensions and weight), complexity of connection
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and configuration, and long start-up time. All of
these shortcomings limit the scope of these types of
CNC machines.
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Figure 1: Industrial CNC machines [34, 35]

The next class of industrial CNC machines are
mid-level portable gantry CNC machines as shown
in figure 2 [36].

Figure: 2. Portable milling machine, CNC Cormak
C1212 as an example [36]

Mid-range gantry machines cost a lot less than
low-level, but the accuracy and repeatability of
these machines are significantly worse than the
acceptable level for the industrial machines. More
often, the low-level machines are assembled from
the same components according to the same
principles; however, these machines are smaller and
lighter than industrial machines, and have fewer
additional equipment such as Automatic Tool
Change (ATC) [37, 38], where machine is usually
controlled from a personal computer directly via the
Line Print Terminal (LPT) [39], or using
specialized controllers connected to a computer via

the Universal Serial Bus (USB) or Ethernet [40,
41].

Machines of such type are popular with small
businesses,  individual  entrepreneurs. The
disadvantage of these types of CNC machines is the
lack of protection against dust and chips, moreover,
since the operating time and the total travel distance
of the head are not large for the entire time of
operation of the CNC machine, the simplification
of the supporting structures and materials that are
used in the design of these types of machines
affects the types of materials that can be processed
on them, and the last disadvantage is the need for a
set of milling operations and automation elements.

After analyzing these types of CNC milling
machines (Fig. 1 and Fig. 2) and studying their
advantages and disadvantages, it was decided to
design and a developed 3D model of the machine
based on a medium-level CNC portal milling
machine.

The criteria and rationale behind choosing this
type of machine are as follows: the cost of
industrial machines components is high, special
equipment is required for its assembly, and the
accuracy and repeatability of the portal machines.
Moreover, due to the size of the working field, mid-
range gantry machines allow producing a much
larger number of parts or processing a large surface
area, while providing greater flexibility and
mobility in moving a CNC milling machine.

At the same time, it is important to note that the
proposed work in this paper is for modeling a
general design of such machines, which is the basis
for building and designing a whole series of them.

4. SIMULATED DESIGN OF A 3D SMALL-
SIZED PORTABLE PORTAL MILLING
MACHINES: WORK COMPONENTS

At the first stage of designing a portal milling
machine with CNC, it is necessary to develop its
block diagram based on the tasks set. The
introduced work in this paper proposes the block
diagram shown in figure 3.

According to the developed block diagram of a
milling machine with CNC, the selected
components are as following: Control board;
Stepper motor (SM); Stepper motor driver; Ball
screw; Spindle; Pump (for water cooling); Inverter;
Position sensor (PS), and Power unit.

To choose the correct control board, the CNC
milling machine, as determined from the analysis,
is recommended to be of the portal type, so the total
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Figure 3: Structural diagram of a portal milling machine with CNC

number of stepper motors on the axes will be 4
pcs., as well as the number of sensors. In this case,
it is necessary to realize the possibility of
connecting and controlling the speed of the spindle.
Considering all the above limitations, it is proposed
to use the BSMCEO4U-PP board as a control
system for a CNC milling machine [42]. The main
characteristics of the BSMCEO04U-PP board are
presented in Table 1.

Table 1: Key features of the board BSMCE(04U-PP [42]

Ne Parameter Values

1 Microcontroller STM32

2 Working voltage 5B

3 Supply voltage 12-24B

4 Number of axles support 4

5 Maximum stepping impulse purity 100 kHz

6 Interface USB

7 Number of relay ports 8

8 Size 81.5x77.5 mm

As a stepper motor, it is proposed to implement a
hybrid stepper motor, since hybrid motors combine

the best features of variable reluctance stepper
motors and permanent magnet motors [43]. The
rotor of a hybrid engine has teeth arranged in an
axial direction, which provides a small step size,
more torque and more speed. The typical number of
steps per revolution for hybrid engines is from 100
to 400 (step angle 3.6 - 0.9 degrees) [43]. Based on
the above parameters, it is proposed to choose a
NEMA 23 hybrid stepper motor model of
57THS1003004D8 [44]. Key features of NEMA 23
model of 57THS1003004D8 are shown in Table 2.

Table 2: Main characteristics NEMA 23 models

57HS1003004D8 [44]

N Parameter Values

1 Number of phases 2

2 Type of winding Bipolar (4- wired)
3 Step 1.8°

4 Winding current 3A

5 Torque 25 kg * cm

6 Holding moment 2.5H*m

7 Size 57x57x100 mm
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Based on the characteristics of the selected
NEMA 23 stepper motor, the driver is selected.
After analysing the available drivers on the market,
the DM542 driver with a phase current margin was
chosen as in [45, 46]. The main characteristics of
the DM542 stepper motor driver are shown in
Table 3.

Table 3: Key features of the driver DM542 [45, 46]

Table 5: The main characteristics of the inverter

HY01D523B [50]

Ne Parameters Values

1 Incoming voltage AC220B

2 Outgoing voltage AC220 B

3 Input frequency 48-63Hz

4 Output frequency 0-400 Hz

5 Output phase 3-phase

6 Dimensions 170x125x163 mm

M Parameter Values
1 Mode support PUL/DIR and
CW/CCW

2 Microstep 200-25600 Impulses
3 Motion stresses 20-50B

4 Frequency To 200 kHz

5 Resonance suppression Yes

function
6 Size 118x75x34 mm

The main working tool for a CNC milling
machine is the spindle, which enables processing
not only wood, but also soft metals such as
aluminum, with taking the power, speed, and
spindle collet into consideration. The best spindle
option would be a water-cooled spindle, as opposed
to air-cooled, such spindles are better cooled, sealed
and most importantly quiet. Thus, the G-PENNY
MACHINE water-cooled spindle was chosen as in
[47, 48]. Table 4 shows the main characteristics of
the G-PENNY MACHINE spindle.

Table 4: Main characteristics of the spindle G-PENNY
MACHINE [47, 48]

M Parameters Values

1 Supply voltage AC220 B

2 Working rotation speed 0-24000 Revolution per

minute

3 Max Torque 0.54 N*m

4 Power 1500 W

5 Maximum speed 400 Hz

6 Dimensions 80*260 mm

As already known, the spindle cannot work
directly from the regular outlet, since the maximum
outlet frequency is 50 Hz, where the frequency for
the maximum spindle speed is 400 Hz, as a result, it
is necessary to choose an inverter that is selected
depending on the characteristics of the selected
spindle (Table 4). Analysing the characteristics of
the spindle, within the framework of these studies,
it is proposed to use the HY01D523B inverter, the
main characteristics are shown in Table 5 as in
[49].

Inductive position sensors LJ12A3-4-Z/BX [51]
were chosen to control the position of the tool of a
CNC milling machine in space or to control the
boundaries of the working field of the machine.

A general view of the selected elements for the
development of a portal-type small-sized CNC
milling machine is shown in figure 4, which are as
following: a — Control board BSMCE04U-PP [42];
b- stepper motor NEMA 23  model
57HS1003004D8 [44]; ¢ —Driver DM542 [45, 46];
d- Spindle G-PENNY MACHINE [47, 48]; e
— Inverter HY01D523B [49], f—  Position sensor
LJ12A3-4-Z/BX [50].

Figure 4: General view of the selected elements for the
development of a small-sized CNC milling machine of
portal type [42, 44-50]
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5. DETAILED 3D MODEL OF THE
ASSEMBLY LAYOUT OF THE MILLING
MACHINE

The next step in the development of a portal-type
CNC milling machine is the design and creation of
a detailed 3D model of the layout assembly, which
is proposed to use modern Computer-Aided Design
(CAD) systems for industrial 3D modeling [11-14].
As part of these studies, the author suggests using
CAD SolidWork 2020 [23-25]. Besides the above-
mentioned limits, the rationale for the choice is the
fact that CAD SolidWork 2020 supports modern
approaches to solid modelling, which suports
developing 3D models of any complexity and
design detailed 3D models of structural assemblies,
on the basis of which you can get drawings of parts
for their production at enterprises [14]. Figure 5
shows examples of 3D models of parts of a small-
sized CNC milling machine of a portal type
developed in CAD SolidWork 2020, on the basis of
which a detailed assembly model of the machine
will be designed. Figure 5 shows the following
developed parts:

a — Stepper motor model Nemo 23 model
57HS1003004D8;
b — Spindle mount G-PENNY MACHINE;

¢ — Carriage;
d — Support;
e — Screw;

f— Spindle G-PENNY MACHINE;
g — Support profile;

h — Left corner;

i — Bracket for cable stacker;

j — Stepper motor mount Nemo 23.

All presented models are obtained directly in the
SolidWorks system.

a) b)

c) d)

e) 1)

i) i)

Figure 5: Examples of 3D models of parts of a small-
sized CNC portal milling machine developed in CAD
Solid Work 2020

Based on the developed 3D models of the parts,
the next step is to design a detailed assembly 3D
model of a portal-type CNC milling machine. To do
so, the built-in Assembly module in CAD
SolidWork 2020 presented in [23, 24] is
implemented.

An example of the developed detailed assembly
of a small-sized portal-type CNC milling machine
is shown in figure 6, which shows a simulated
upper portal of a milling machine with a G-PENNY
MACHINE spindle installed and Nemo 23 stepper
motors, which validates horizontal and vertical
movement of the milling head.

Based on the developed detailed 3D model of the
assembly of the upper portal of the milling machine
with the installed G-PENNY MACHINE spindle
and Nemo 23 stepper motors, it is recommended for
future work to run simulations in the Nostrum
module to assess the reliability of the developed
structure.

Finally, it is important to understand that the
designed model has the ability to be connected and
controlled through the industrial could; to do so, the
work presented in [51, 52] can be implemented.
Indeed, in [51] a blind scalable edge-guided
reconstruction filter can be used in a smart
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environment to monitor the green IoMT-UAV
networks, where in [52] the network packet
classification can be enhanced by using GPU, as a
result from improving the performance of the
aggregated bit vector algorithm.

Figure 6: Detailed 3D model of the assembly of the upper
portal of the milling machine with the installed G-
PENNY MACHINE spindle and Nemo 23 stepper motors

In [53], a bidirectional GRU network-based next
POI category proposed for healthcare, can be
implemented in the proposed design to improve the
safety of the network system. In [54] and [55], a
long short-term memory-based model and an
attention-based category-aware GRU model were
proposed for Greenhouse climate prediction and
next POI recommendation, respectively. Table 6
compares the obtained results with the STM6060
well-implemented machine.

Table 6: Comparison between STM6060 and the

proposed model
Specifications CNC milling machines
Model The designed model
STM6060
Frame Steel Structure Steel Structure and
composite materials
Working area 600x60x100m 1000x1000%100mm.
m.
Spindle Speed 0-24000 RPM 0-24000 RPM
Spindle Power 1.5KW water 2.2KW water cool
Motor cool
Repositioning 0.05mm 0.043mm
Positioning
Operation Power 300W 240W
Voltage AC220V/50Hz AC220V/50Hz
Command G-code G-code
Language
Price 2500-4000$ 1000-1300$

It should be noted that, according to a number of
criteria, the proposed modeling and its
implementation make it possible to obtain an
appropriate machine with parameters no worse than
for the STM6060 model. At the same time, the cost
of the developed machine is much less than the

model STM6060. We also note that we offer a
simulation process and machine development for
standard software tools. Moreover, such a process
can be implemented in the field.

6. CONCLUSION

The article describes the concept of modeling as
one of the research tools. The proposed work
considers modeling for the design of various
mechanisms, devices, machines, individual
components and assemblies that are used in
mechanical engineering. We are considering a
portable milling machine. This choice is based on
the importance of using this mechanism in the
implementation of projects in various applied
research areas for the behavior of routine
maintenance. In addition, the issue of replacing
individual parts in the field is also relevant. This
highlights the need for the conduct of this study.

In the proposed work, various systems for
modeling and designing the corresponding devices
and mechanisms were also considered. The choice
of the SolidWorks system for the modeling process
is substantiated. This choice is based on the
simplicity of modeling implementation, the
possibility of analyzing three-dimensional models,
and the availability of functions for analyzing the
obtained models of individual nodes. We also note
that the SolidWorks system is the most common
and easy to use. This indicates the possibility of
using standard software to develop complex
mechanisms in the field.

A block diagram of a portable CNC portal
milling machine has been generalized and
developed. The results of modeling of individual
units of a portable CNC portal milling machine are
presented. This confirms our assumptions about the
possibility of modeling complex structures based
on the use of SolidWorks.

Among the limitations of the described modeling
process, it is necessary to highlight the limitations
at the assembly stage of the developed model. Since
such limitations can be significant, we say that the
field of use should be portable mechanisms and
components that can be developed in the field.

Among the future directions of research, it is
worth highlighting the additions to the module for
analyzing stability and reliability diagrams for the
proposed designs of individual units and machines.
This will expand the use of standard software to
carry out relevant work in the field.

e —
3155



Journal of Theoretical and Applied Information Technology
30% April 2023. Vol.101. No 8

S

I

© 2023 Little Lion Scientific

SMminl

ISSN: 1992-8645

www jatit.org

E-ISSN: 1817-3195

REFERENCES:

[1] H., Ko, S., Lee, Y., Park, and A., Choi, “A
Survey  of  Recommendation  Systems:
Recommendation Models,” Techniques, and
Application Fields. Electronics, Vol. 11, No. 1,
2022, pp. 141-167.

[2] I. H. Sarker, “Ai-based modeling: Techniques,
applications and research issues towards
automation, intelligent and smart systems,” SN
Computer Science, Vol. 3, No. 2, 2022, pp. 158.

[3] A., Porwal, M., Parsamehr, D., Szostopal, R.,
Ruparathna, and K., Hewage, “The integration
of building information modeling (BIM) and
system dynamic modeling to minimize
construction waste generation from change
orders,” International Journal of Construction
Management, Vol. 23, No. 1, 2023, pp. 156-
166.

[4] P. J., Clarke, and A. Pierantonio, “Teaching
modeling: a software perspective,” Computer
Science Education, Vol. 28, No. 1, 2018, pp. 1-
4

[5] A. Maria, “Introduction to modeling and
simulation,” In Proceedings of the 29th
conference on Winter simulation, 1997, pp. 7-
13.

[6] R. H. Son, and K., Han, “Automated Model-
Based 3D Scan Planning for Prefabricated
Building Components,” Journal of Computing
in Civil Engineering, Vol. 37, No. 2, 2023,
04022058.

[71 M. H. Al-Sherrawi, A. M. Saadoon, S. Sotnik,
and V. Lyashenko, “Information model of
plastic products formation process duration by
injection molding method,” International
Journal of Mechanical Engineering and
Technology, Vol. 9, No. 3, 2018, pp. 357-366.

[8] J. H. Baker, F. Laariedh, M. A. Ahmad, V.
Lyashenko, S. Sotnik, and S. K. Mustafa,
“Some interesting features of semantic model in
Robotic Science,” SSRG International Journal
of Engineering Trends and Technology, Vol.
69, No. 7, 2021, pp. 38-44.

[91 A. T. Abu-Jassar, Y. M. Al-Sharo, V.
Lyashenko, and S. Sotnik, “Some Features of
Classifiers  Implementation  for  Object
Recognition in Specialized Computer systems,”
TEM Journal, Vol. 10, No. 4, 2021, pp. 1645-
1654.

[10]S. Sotnik, R. Matarneh, and V. Lyashenko,
“System model tooling for injection molding,”
International Journal of Mechanical
Engineering and Technology, Vol. 8, No. 9,
2017, pp. 378-390.

[117W.D. Li, W. F. Lu, J. Y. Fuh, and Y. S. Wong,
“Collaborative computer-aided design-research
and development status,” Computer-aided
design, vol. 37, No. 9, 2005, pp. 931-940.

[12]Z. Bi, and X. Wang, “Computer aided design
and manufacturing,” John Wiley & Sons, 2020.

[13]Y., He, and et al.. “A process strategy planning
of additive-subtractive hybrid manufacturing
based multi-dimensional manufacturability
evaluation of geometry feature,” Journal of
Manufacturing Systems, Vol. 67, 2023, pp. 296-
314.

[14]A. Ginzburg, L. Shilov, and L. Shilova, “The
main trends of computer-aided design systems
development,” In MATEC Web of Conferences,
EDP Sciences, Vol. 251, 2018, pp. 05001.

[15]H. Attar, A. T. Abu-Jassar, A., Amer, V.
Lyashenko, V., Yevsieiev, and M. R. Khosravi,
“Control System Development and
Implementation of a CNC Laser Engraver for
Environmental Use with Remote Imaging,”
Computational Intelligence and Neuroscience,
Vol. 2022, 2022, Article ID 9140156.

[16]N. Gayathri, M. Sundar, R. Sargurunathan, R.
Sudharsan, and A. Sajith, “Design of Voice
Controlled Multifunctional Computer
Numerical Control (CNC) Machine,” In 2022
International ~ Conference on  Inventive
Computation Technologies (ICICT), IEEE,
2022, pp. 657-663.

[17]X. Huang, “Application of Computer Numerical

Control and Monitoring Techniques in
Mechanical ~ Processing,” In 2022  6th
International ~ Conference on  Intelligent

Computing and Control Systems (ICICCS),
IEEE, 2022, pp. 6-9.

[18]M. Q. Tran, M. Elsisi, M. K. Liu, V. G. Vu, K.
Mahmoud, and et al., “Reliable Deep Learning
and [oT-Based Monitoring System for Secure
Computer Numerical Control Machines Against
Cyber-Attacks With Experimental
Verification,” IEEE Access, Vol. 10, 2022, pp.
23186-23197.

[19]L. N. Mantari-Ramos, A. J. Palomino-Jaime, L.
G. Castro-Osores, and F. W. Zarate-Pena,
“CNC Control and Simulation System for the
Artisanal Cutting of Leather Accessories from a
Shoe Factory, 6th International Conference on
Robotics,” Control and Automation (ICRCA),
2022, pp. 62-66.

[20]N. M. Osman, K. A. Elshafey, and A. N. El-
Mahdy, “Dependable CNC Controller using
Raspberry pi and Cloud Computing,” 5th

e ——
3156




Journal of Theoretical and Applied Information Technology
30% April 2023. Vol.101. No 8

S

I

© 2023 Little Lion Scientific

SMminl

ISSN: 1992-8645

www jatit.org

E-ISSN: 1817-3195

International Conference on Computing and
Informatics (ICCI), 2022, pp. 006-014.

[21]1. Nevliudov, V. Yevsieiev, J. H. Baker, M. A.
Ahmad, and V. Lyashenko, “Development of a
cyber design modeling declarative Language for
cyber physical production systems,” J. Math.
Comput. Sci., Vol. 11, No. 1, 2021, pp. 520-
542.

[22]1. Nevliudov, V. Yevsieiev, V. Lyashenko, and
M. A. Ahmad, “GUI Elements and Windows
Form Formalization Parameters and Events
Method to Automate the Process of Additive
Cyber-Design CPPS Development,” Advances
in Dynamical Systems and Applications, Vol.
16, No. 2, 2021, pp. 441-455.

[23]M. A. Abdulla, H. Ali, and R. S. Jamel, “CAD-
CAM technology: a literature review,” Al-
Rafidain Dental Journal, Vol. 20, No. 1, 2020,
pp. 95-113.

[24]D. Bobylev, “Comparison of 3d modeling
software,” Thesis, Saimaa University of
Applied Sciences 2017.

[25]A. Chatzivasileiadi, N. M., Wardhana, W. Jabi,
R. Aish, and S. Lannon, “Characteristics of 3D
solid modeling software libraries for non-
manifold modeling,” Computer Aided Design
and Applications, Vol. 16, No. 3, 2019, pp. 496-
518.

[26]M. Lombard, “Mastering SolidWorks,” John
Wiley & Sons, 2018.

[27]R. Tojiyev, B. Ortigaliyev, and K. Sotvoldiyev,
“Improving the design of the screed for
firebricks using solidworks,” Online scientific
journal of stability and leading research, Vol. 1,
No. 5, 2021, pp. 91-99.

[28]A. H. A. Hassan, and N. Kurgan, “Modeling
and buckling analysis of rectangular plates in
ansys,” International Journal of Engineering and
Applied Sciences, Vol. 11, No. 1, 2019, pp.
310-329.

[29]V. Vlajkov, E. Desnica, and 1. Palinkas, “3D
modeling of casting tool using software package
SolidWorks,” Annals of the Faculty of
Engineering Hunedoara, Vol. 15, No. 1, 2017,
pp. 71-77.

[30]F. Cucinotta, E. Guglielmino, and F. Sfravara,
“A critical CAE analysis of the bottom shape of
a multi stepped air cavity planing hull,” Applied
Ocean Research, Vol. 82, 2019, pp. 130-142.

[31]R. B. Hadj, and et al., “An interoperability
process between CAD system and CAE
applications based on CAD data,” International

journal on interactive design and manufacturing
(IJIDeM), Vol. 12, No. 3, 2018. pp. 1039-1058.

[32]G. Struzikiewicz, and A. Sioma, “Application
of infrared and high-speed cameras in
diagnostics of CNC milling machines: case
study, In  Photonics  Applications in
Astronomy,” Communications, Industry, and
High-Energy Physics Experiments.
International Society for Optics and Photonics,
Vol. 11176, 2019, pp. 111760C.

[33]G. M. Martinov, A. 1. Obukhov, and N. V.
Kozak, “The usage of error compensation tools
of CNC for vertical milling machines,” Russian
Engineering Research, Vol. 38, No. 2, 2018, pp.
119-122.

[34]L. Pan, W. Zhizheng, and C. Fan, “Design of
SCADA System for CNC Grinder Workshop
Based on SIMATIC NET,” In 2019 IEEE
International Conference on Smart
Manufacturing,  Industrial &  Logistics
Engineering (SMILE). IEEE, 2019, pp. 98-102.

[35]K. Rintaméki, “Sorvin modernisointi: CNC-
sorvi,” Huhtikuu, 2019.

[36]J. Tyminska, and A. E. Gudanowska,
“Doskonalenie jakosci w obszarze logistyki
produkcji-wykorzystanie wybranych metod
zarzadzania jako$cia w  przedsigbiorstwie
produkcyjnym,” 2021.

[37]J. Bao, Y., Chen, J., Yin, X., Chen, and D., Zhu,
“Exploring topics and trends in Chinese ATC
incident reports using a domain-knowledge
driven topic model,” Journal of Air Transport
Management, Vol. 108, 2023, 102374.

[38]Z., Lin, W., Tian, D., Zhang, W., Gao, and L.
Wang, “An optimized design method of 3-point
support for precision horizontal machining
center with T-shaped bed,” The International
Journal of  Advanced Manufacturing
Technology, Vol. 121, No. 3-4, 2022, pp. 1927-
1943.

[39]M. Poongodi, A. Sharma, M. Hamdi, M.,
Maode, and N. Chilamkurti, “Smart healthcare
in smart cities: wireless patient monitoring
system using IoT,” The Journal of
Supercomputing, Vol. 77, No. 11, 2021, pp.
12230-12255.

[40]G. M., Sung, C. T., Lee, Z. Y., Yan, and C. P.,
Yu, “Ethernet Packet to USB Data Transfer
Bridge ASIC with Modbus Transmission
Control Protocol Based on FPGA Development
Kit,” Electronics, Vol. 11, No. 20, 2022, pp.
32609.

3157



Journal of Theoretical and Applied Information Technology
30% April 2023. Vol.101. No 8

S

I

© 2023 Little Lion Scientific

SMminl

ISSN: 1992-8645

www jatit.org

E-ISSN: 1817-3195

[41]Z., Ning, and Y., Sun, “Design of an FPGA-
based USB 3.0 device controller,” arXiv
preprint arXiv:2301.11505, 2023.

[42]1DrufelCNC BSMCEO04U Installation Manual
DrufelCNC, [Online]. Available:
drufelenc.com/doc/DrufelCNC_BSMCE04U m
anual.pdf, 2021.

[43]R. M.. Pindoriya, B. S. Rajpurohit, R. Kumar,
and K. N. Srivastava, “Comparative analysis of
permanent magnet motors and switched
reluctance motors capabilities for electric and
hybrid electric vehicles,” In 2018 IEEMA

Engineer Infinite Conference (eTechNxT).
IEEE, 2018, pp. 1-5.

[44]NEMAZ23. Integrated Closed Loop Stepper
Motor. [Online] Available:

datasheetspdf.com/pdf/1380134/Servotronix/NE
MAZ23/1, 2022.

[45]Y. Li, Y. Ma, Z. Zhang, L. Zhou, and W.
Zhang, “A design of iris recognition system at a
distance,” In 2013 IEEE International
Conference on Robotics and Biomimetics
(ROBIO), IEEE, 2013, pp. 2297-2302.

[46] X. Shi, G. Zhang, D. Chao, H. Zhao, and X.
Chen, “Design of an in-situ Test Equipment for
the Proximity Sensor of the Aircraft Cabin
Door,” In CSAA/IET International Conference
on Aircraft Utility Systems (AUS), IET, 2018,
pp. 171-175.

[471V. L.Rusinov, and V. I. Usenko, “Sistema
upravleniya shpindelem frezernogo stanka s
CHPU,” Vestnik Amurskogo gosudarstvennogo
universiteta.  Seriya:  Yestestvennyye i
ekstraordinarnyye nauki, Vol. 81, 2018, pp. 82-
86.

[48]Q., Jin, B., Sun, G., Zhang, and Y., Guan,
“Research on Dynamic Characteristics Analysis
Method of Spindle-Flywheel Rotor System of
Inertia Friction Welding Machine,” In Journal
of Physics: Conference Series (Vol. 2419, No.
1,2023, p. 012022). IOP Publishing.

[49]R. Kaéndla, “Nelja vabadusastmega
arvjuhtimisega freespingi project,” Bachelor's
thesis, Eesti Maatilikool, 2017.

[SO]E. Panganiban, B. B. Abad Jr, and M.
Caranguian, “Aluminum Can to WiFi Trading
System with Metal Can and Plastic Bottle
Collector and Monitoring System,”
International Journal, Vol. 8, No. 7, 2020, pp.
37-44.

[51]M. R. Khosravi, and S. Samadi, “BL-ALM: A
Blind Scalable Edge-Guided Reconstruction
Filter for Smart Environmental Monitoring
Through Green IoMT-UAV Networks,” IEEE

Transactions on Green Communications and
Networking, Vol. 5, No. 2, 2021, pp. 727-736.

[52]M. Abbasi, R. Tahouri, and M. Rafiee,
“Enhancing the performance of the aggregated
bit vector algorithm in network packet
classification using GPU,” Peer] Computer
Science, Vol. 5, 2019, p. e185.

[53]Y. Liu, Z. Song, X. Xu, W Rafique, X Zhang,
and et al., “Bidirectional GRU networks-based
next POI category prediction for healthcare,”
International Journal of Intelligent Systems,
Vol. 37, No. 7, 2022, pp. 4020-4040.

[54]Y. Liu, D. Li, S. Wan, and et. al., “A Long
Short-Term  Memory-based  Model  for
Greenhouse Climate Prediction,” International
Journal of Intelligent Systems, Vol. 37, No. 1,
2021, pp. 135-151.

[55]Y. Liu, F. Wang, Y. Yang, and et al,, “An
Attention-based Category-aware GRU Model
for Next POI Recommendation,” International
Journal of Intelligent Systems, Vol. 36, No. 7,
2021, pp. 3174-3189.

e ——
3158




