
Retraction
Retracted: Analysis and Design of Cooperative Control
Solutions for Electrical Systems of Laser CNC Machines

Shock and Vibration

Received 23 January 2024; Accepted 23 January 2024; Published 24 January 2024

Copyright © 2024 Shock and Vibration. Tis is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Tis article has been retracted by Hindawi following an
investigation undertaken by the publisher [1]. Tis in-
vestigation has uncovered evidence of one or more of the
following indicators of systematic manipulation of the
publication process:

(1) Discrepancies in scope
(2) Discrepancies in the description of the research

reported
(3) Discrepancies between the availability of data and

the research described
(4) Inappropriate citations
(5) Incoherent, meaningless and/or irrelevant content

included in the article
(6) Manipulated or compromised peer review

Te presence of these indicators undermines our con-
fdence in the integrity of the article’s content and we cannot,
therefore, vouch for its reliability. Please note that this notice
is intended solely to alert readers that the content of this
article is unreliable. We have not investigated whether au-
thors were aware of or involved in the systematic manip-
ulation of the publication process.

Wiley and Hindawi regrets that the usual quality checks
did not identify these issues before publication and have
since put additional measures in place to safeguard research
integrity.

We wish to credit our own Research Integrity and Re-
search Publishing teams and anonymous and named ex-
ternal researchers and research integrity experts for
contributing to this investigation.

Te corresponding author, as the representative of all
authors, has been given the opportunity to register their
agreement or disagreement to this retraction. We have kept
a record of any response received.

References

[1] S. Shao, “Analysis and Design of Cooperative Control Solutions
for Electrical Systems of Laser CNC Machines,” Shock and
Vibration, vol. 2022, Article ID 1423767, 14 pages, 2022.

Hindawi
Shock and Vibration
Volume 2024, Article ID 9791575, 1 page
https://doi.org/10.1155/2024/9791575

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2024/9791575


RE
TR
AC
TE
DResearch Article

Analysis and Design of Cooperative Control Solutions for
Electrical Systems of Laser CNC Machines

Shufeng Shao

Zhejiang Industry Polytechnic College, Shaoxing 312000, China

Correspondence should be addressed to Shufeng Shao; shaoshufeng1015@126.com

Received 17 May 2022; Revised 18 June 2022; Accepted 21 June 2022; Published 1 July 2022

Academic Editor: Yuxing Li

Copyright © 2022 Shufeng Shao. +is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

In order to further improve the collaborative control efficiency of the electrical system of the laser CNCmachine tool, an electrical
system based on the ultrafast laser CNC machine tool is proposed. +e design of the collaborative control scheme is discussed
from three aspects: the overall control scheme design, hardware structure design, and control software implementation of the
electrical system of the laser numerical control machine tool. +e experimental results show that the length of the metal sheet
processed by the electrical system of the laser CNCmachine tool is 5.3 cm and the width is about 3.6 cm, and the actual processing
aperture size will also change according to the set number of variable radius turns, and more precise processing can be enabled in
the online test. +e research results show that this electrical collaborative control system scheme has strong practicability and
feasibility. With the help of system upgrades and optimization, the efficient integration of laser processing technology and
numerical control technology can be better achieved. It should be noted that the machining process of the machine tool is also
required to make in-depth improvements, which can maximize the operating efficiency and machining accuracy of the electrical
system of the CNC machine tool. +e laser CNC machine tool researched and developed in this paper verifies the rationality and
feasibility of the collaborative control scheme through practical experiments, which can meet the processing requirements and
realize the integration of laser processing technology and numerical control technology. High machining efficiency and
machining accuracy.

1. Introduction

Computer engineering has gradually replaced modern work
tools, and office equipment has never been adapted to
current work needs. While the development of computer
technology and its application in the field of the machinery
industry have changed the traditional processing methods,
the work efficiency of the equipment has been further im-
proved by integrating computer technology, automated
control systems, and CNC machine tool technology.
Compared with traditional CNC machine tool technology,
with the improvement of computer technology, on the basis
of the full integration of automation control technology,
computer technology, and CNC machine tool technology,
laser CNC machine tools integrate optical, mechanical,
electrical, detection, and other technologies into one. Based

on the integration of laser processing and CNC machine
tools, compared with traditional CNC machine tools, laser
CNC machine tools have many advantages and character-
istics of traditional CNC machine tools and laser
manufacturing machine tools and can better replace the
work of traditional props.+e machining speed of the tool is
faster, the surface deformation of the machined workpiece is
smaller, and a wider variety of complex workpieces can be
machined. On the basis of synthesizing a variety of tech-
nologies, laser CNC machine tool technology has higher
processing efficiency, greatly improved processing accuracy,
and a higher degree of automation. Based on these char-
acteristics, a control system for CNCmachine tools based on
ultrafast laser is proposed, which can better realize the
coordinated control of the electrical system of CNCmachine
tools.
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2. Literature Review

Macmammah et al. said that the application range of CNC
machine tools in the industry is constantly expanding, and it
has many advantages compared with ordinary machine
tools, but at present, CNC machine tools cannot completely
replace ordinary machine tools, nor can they be the most
economical way to solve all problems in the machining
process [1]. Klausen et al. said that CNC machine tools are
mainly suitable for processing complex shapes and high
precision requirements while producing parts with small
batches but many varieties [2]. Singh and Kedia said that a
large number of CNC machine tools are needed to support
their production in the automobile manufacturing industry,
machinery industry, and military industry [3]. Singh et al.
said that CNC machine tools, as the working machine of
equipment manufacturing, are the mainstay of a country’s
industrial development [4]. Lee and others said that due to
the continuous advancement of industrial modernization,
the requirements of modern manufacturing for CNC ma-
chine tools have long been no longer focused on simple
automated processing but have put forward more advanced
processing accuracy, processing speed, and processing
technology for high demands [5]. Lan et al. stated that from
the perspective of these needs, high-end CNCmachine tools
would be a good choice, but the actual processing of high-
end CNC machine tools is only used to complete the pro-
cessing process and for the similarity processing of
microholes. While precision cutting requires precision, it is
difficult for high-end CNC machine tools to meet the re-
quirements [6]. At this time, it is necessary to find a more
suitable processing method and processing technology, and
laser processing is the best choice for this kind of processing.
Compared with traditional machine tool processing, laser
processing has the following advantages: Lui et al. said that
laser processing has high production efficiency, reliable
workpiece processing quality, and processing accuracy that
can reach the order of microns [7]. During the laser pro-
cessing, there is no contact with the workpiece to be pro-
cessed, which will not bring about “tool” wear, and at the
same time, there is no direct impact on the workpiece, so
there is no mechanical deformation; it is suitable for the
processing of somemetals and nonmetals, especially for high
hardness and processing of materials with high brittleness
and high melting point; Gupta and Paliwal said that the
beam guidance and focusing of the laser are simple in the
processing process, which can easily realize the transfor-
mation of all directions, which is very suitable for the
processing of complex workpieces with the numerical
control system [8]. As can be seen from the advantages of
laser processing, laser processing is a very simple process.
Zahedmanesh et al. said that the combination of laser
processing and CNC machine tools and the use of lasers to
convert the machine tools into laser CNC machine tools for
operation is not only the function of CNCmachine tools but
also the quality of laser processing [9]. +erefore, laser CNC
machine tools will have the advantages of CNC machine
tools and laser processing at the same time. For precision
processing such as microhole processing, it can not only

achieve a high degree of automation of processing but also
achieve higher processing accuracy and processing effi-
ciency. Sanjareh et al. said that although the current ap-
plications of laser CNC machine tools in China’s processing
industry are mostly special-purpose mid-to-low-end ma-
chine tools, mainly used for laser cutting, cladding, heat
treatment, laser welding, etc. with the development of laser
processing technology and the continuous improvement of
CNCmachine tools and the deepening of technical research,
laser CNC machine tools will have a wide range of appli-
cations [10]. Laser CNC machine tools combine the ad-
vantages of CNC machine tools and laser processing, are
necessary to improve the efficiency of the processing process,
and are an important part of the development and adjust-
ment of CNC machine tools. At present, the development of
laser CNCmachine tools is still in its infancy, but it has been
widely used in production. It can be seen that laser CNC
machine tools can be improved.+e next step in the research
of laser CNCmachine tools will only focus on the integration
of CNCmachine tools and laser processing equipment in the
processing process to improve the process and make tool
making and setting easy so that the advantages of CNC
machine tools and laser processing can be effectively utilized
to implement manufacturing innovation. +e electrical
system of the CNC machine tool is shown in Figure 1.

3. Methods

In the CNCmachining system, the processing of the corners
of the motion segment is the key issue to improve the
smoothness of the motion trajectory. +e problem includes
two aspects: first, the determination of the corner speed. +e
smoothness of the motion is significantly reduced; secondly,
the smoothness of the trajectory at the corner is improved.
Under the condition of ensuring the trajectory error, a
motion segment with smooth characteristics is added to the
corner to satisfy the better trajectory smoothness [11]. In
order to solve the above problems, this chapter has carried
out research on the transition technology at the corner of the
motion segment. +e basic idea is shown in Figure 2.

+e technical introduction is shown in Figure 3.
Set points, Pi− 1, Pi, Pi+ 1, are the endpoint positions of

the two motion segments of sequential processing, as shown
in

Q0Q1Q2. (1)

It is the transition arc that is tangent to the two line
segments at the same time, wherein Q0 and Q2 are the
tangent points of the transition arc and the adjacent motion
segments Pi− 1Pi and PiPi+ 1, respectively, and Q1 is the
midpoint of the transition arc. +e geometric relationship
between the transition arc and the two adjacent motion
segments is analytically represented, as shown in Figure 4.

In the figure, ΔQ0OQ2 is easily known as an isosceles
triangle according to the knowledge of plane geometry.
According to the basic properties of the tangent, it can be
concluded that ΔQ0PiQ2 is also an isosceles triangle.
+erefore, the corner point Pi of the two motion segments
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and the starting point Q0 and the end of the transition arc of
the points Q2 are equidistant, and the above distance is
defined here as the transition distance, that is, the distance

from Pi to the starting point Q0 and the ending point Q2.
Assuming that the lengths of two adjacent motion segments
Pi− 1Pi and PiPi+ 1 are represented as Si and Si+ 1,
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Figure 1: Cooperative control of the electrical system of the laser CNC machine tool.
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Figure 2: Transition processing flow at the corner of the motion segment.
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respectively, and the included angle between the two motion
segments is α, according to the knowledge of plane geom-
etry, the following relationship can be obtained as follows:

ϕ � α,

r

e + r
� cos

ϕ
2

,

l

e + r
sin

ϕ
2

.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(2)

It can be further deduced through the above formula
relationship. According to the angle α between adjacent
motion segments and the contour error determined by the
machining accuracy, the transition distance l between the
two motion segments and the radius r of the transition arc
are, respectively, related to α and α. +e relationship of e is
shown in formulas (3) and (4):

l �
sin(α/2)

1 − cos(α/2)
, (3)

r �
cos (α/2)

1 − cos(α/2)
e. (4)

When the transition arc is used to achieve a smooth
transition between adjacent motion segments, there is a
fitting error between the actual path and the original path.
First, considering the requirements of contour error after
fitting the motion segment, according to the geometric
relationship between the contour error, the angle between
the two motion segments, and the length of the motion
segment, the radius of the transition arc and the start and
end points of the transition arc are determined. Second, it is
necessary to consider that the feed rate on the transition arc
must meet the maximum acceleration performance of the
machine tool, and the maximum feed rate of the transition
arc is determined by the maximum acceleration.

3.1. Determine the TransitionArc Radius, Start Point, andEnd
Point. In order to meet the requirements of contour ma-
chining accuracy, the requirements of contour error must be
met first when determining the radius, starting point, and
end point of the transition arc. +erefore, the maximum
contour error Em needs to be used as a constraint to de-
termine other parameters of the transition arc. Substituting
Em into equations (3) and (4), the transition distance lc that
satisfies the maximum contour error can be obtained

lc �
sin(α/2)

1 − cos(α/2)
Em. (5)

Since the above formula is obtained according to the
geometric relationship, for the motion segment under
normal circumstances, Em is much smaller than the length of
the motion segment, so the transition distance lc under the
constraint of Em must be smaller than the length of the
adjacent motion segment. Taking any three adjacent motion
segments to form 2 corner points, the situation in the figure
may occur because the middle motion segment is the upper
transition distance, as shown in Figure 5.

+at is, the two transition arcs before and after do not
intersect, which means that the radius of the transition is too
large, and the transition distance does not satisfy the con-
nection relationship, so not only the contour error but also
the length of the motion segment itself determine the radius
of the transition arc and the transition distance and other
parameters [12, 13]. In order to ensure that two adjacent
transition arcs can intersect, it must be ensured that the
transition distance on each motion segment cannot exceed
half the length of the motion segment

ls � min
Si

2
,
Si+1

2
 . (6)

Consider the case of lc ≤ ls, in which the transition
distance can satisfy the constraint condition of the length of
the motion segment, and the parameters of the transition arc
are completely determined by the maximum contour error,
as shown in formulas (7)–(9):

r �
cos(α/2)

1 − cos(α/2)
Em, (7)

Q0 �
lc

Si

Pi+1 +
Si − lc

Si

Pi, (8)

Q2 �
Si+1 − lc

Si+1
Pi +

lc

Si+1
Pi+1. (9)

When considering the case of lc > ls, in this case, the
transition distance cannot meet the constraint condition of
the length of the motion segment. According to the
aforementioned method, the problem of overlapping tran-
sition distances will occur. +erefore, in this case, the pa-
rameters of the transition arc should first consider the
motion segment and the constraints of its own length, as
shown in formula (10)–(12):

Y Y

0
Pi-1

Pi+1

Z

Pi

Figure 3: Schematic diagram of arc transition.
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r �
cos(α/2)

sin(α/2)
ls, (10)

Q0 �
lc

Si

Pi−1 +
Si − lc

Si

Pi, (11)

Q2 �
Si+1 − lc

Si+1
Pi +

lc

Si+1
Pi+1. (12)

3.2. Determination of the Maximum Feed Rate of the Tran-
sition Arc Segment. From the centripetal acceleration for-
mula, the constraint relationship between the maximum
feed rate vm and the maximum acceleration of the machine
tool is am, and the radius r of the transition arc is shown in

vm �
����
amr

√
. (13)

+erefore, in order to ensure that the transition arc
processing canmeet both the requirements of the machining
accuracy and the acceleration and deceleration performance
of themachine tool, the maximum speed of the transition arc
segment processing should be selected from the maximum
processing speed set by the workpiece program and the
speed constrained by the maximum acceleration of the
machine tool. +e smaller value in vm is

v � min F, vm( . (14)

In order to meet the feed rate when processing the
transition arc segment, before the transition arc segment, the
feed rate is planned based on the forward-looking algorithm,
so that the feed rate of the starting point of the transition arc

is v, and the transition arc is guaranteed. +e speed remains
constant during the processing.

Pi− 1, Pi, and Pi+ 1 are the endpoints of adjacent arc
segments and straight-line segments, and the arc Q0Q1Q2 is
the transition curve inserted between the program segments.
It can be divided into two cases as shown in the figure, and
the processing method is similar, as shown in Figure 6.

Similar to the transition processing between two
straight-line segments, the length of Pi from the tangent
point between the transition arc and the two adjacent
program segments is called the transition distance. +e
distance e between Pi and the transition arc vertex is the
shortest distance from Pi to the transition arc Q0Q1Q2,
which is called the contour error, as shown in Figure 7.

Assume that the central angle of the transition arc is ϕ,
the error between the transition arc and the original tra-
jectory is e, the distance between Pi and O1 is h, and the
length between Pi and the tangent point is d:

θ �
π − ϕ
2

,

h �
e

1 − sin θ
,

d � h · cos θ.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(15)

Considering the limitation of the length of the motion
segment itself, the transition distance on each line segment
does not exceed half of its own length, as shown in

ls � min
Si

2
,
Si+1

2
, d . (16)

And the radius is determined after trimming as shown in

R1 � ls · tan θ. (17)

And the processing of the transition arc needs to meet
the normal acceleration requirements. Let the radius that
meets the requirements be R2, the processing speed that
meets the process requirements is v, and the normal ac-
celeration is an

R2 �
v
2

an

. (18)
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Figure 4: Arc transition coordinate system.
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Figure 5: Schematic diagram of transition distance overlap.
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+e radius R satisfying the above constraints is

R � min R1, R2 . (19)

+e transition length l1 of the straight-line segment
satisfying the constraints is shown in

l1 �
R

tan θ
. (20)

Let O2O1, O1P be a unitized vector, and the transition
length of the arc segment that satisfies the constraints is
shown in

l2 � arccos O2O1 · O1P( . (21)

Machining speed and precision are the key factors that
affect the machining performance of CNC machine tools.
+e two restrict each other, and the optimal effect of the two
cannot be obtained at the same time. Usually, the machining
speed is maximized under the condition of ensuring the
machining accuracy. From this point of view, the machining
accuracy has a decisive effect on the machining speed, and
the machining accuracy depends on the ability of the
controller’s trajectory to follow. +erefore, factors such as
the accuracy of acceleration and deceleration of each axis of
the machine tool, as well as the sudden change of feed rate
and feed rate, have resulted in the reduction of the precision
of CNC machine tools.

In the CNC system in the form of front acceleration and
deceleration, since the theoretical trajectory error is zero, the
machining accuracy is relatively high. +e sudden change of
feed is the main factor of machining error [14, 15].
+erefore, in this form of acceleration and deceleration, in
order to minimize the machining error, the feed rate must be
adjusted smoothly, and the axis speedmust be limited within
the allowable value range. In order to adjust the change of
feed smoothly, it is necessary to ensure sufficient accelera-
tion value of each axis, so as to maximize the acceleration
and deceleration performance of CNCmachine tools. When
two shorter program segments are connected one after the
other, since the length of the two programs is too short, the
acceleration distance required by the commanded speed
cannot be reached, and the obtained speed curve shows a
special shape similar to the sawtooth. +erefore, it is nec-
essary to comprehensively consider the commanded speed
and the length of subsequent blocks to minimize the fluc-
tuation of the feed speed.

4. Experiments and Analysis

Laser CNC machine tools not only include processing
equipment but also monitoring and testing equipment. At
the same time, because the laser processing equipment is
different from the tools of general machine tools, its

X Y X

Y

0
0

Z Z
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Q1

P1
P1

Q2
Q2
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Figure 6: Schematic diagram of the transition between the arc and straight line.
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composition includes laser, light guide system, and moni-
toring system. +erefore, compared with the general CNC
machine tool processing technology, the operation mech-
anism of the laser CNC machine tool will include additional
processing technology [16]. In response to this problem,
according to the research on the control system of the laser
numerical control machine tool in Figure 7, the actual
operation process can be divided into different functions
according to the different operations, which can be obtained
from the processing process which is independent, as shown
in Figure 8.

According to the above processing flow, it can be seen
that the software modules included in the actual demand
functions of the collaborative control system software design
include three-dimensional measurement, focal length
measurement, process database, laser and processing head
adjustment, terminal monitoring, pointing monitoring, and
power monitoring [17]. According to the processing flow, it
can be seen that the collaborative control system software
needs the coordination and cooperation of various func-
tional modules in the specific processing process, so the
design of the entire control system is also designed in ac-
cordance with the collaborative control scheme. According
to the hardware structure of the machine control system,
software integration can be divided into two parts by
function: industrial computer control software and nu-
merical control system software. All software design ar-
chitecture of the integrated control system is shown in [18].
+e CNC system part of the control system software adopts
the open-source existing CNC system, which was approved
as the Linux system platform at that time, realizes the
functions of task control, motion control, and PLC through
the software, and provides a human-computer interaction
interface for display processing. information. In the actual
processing process, the numerical control system is mainly
responsible for realizing the axis motion control and focal
length measurement module, the communication between

the industrial computer and the numerical control system is
realized through the serial port, and the coordinated control
system can directly send the control to the numerical control
system through the industrial computer to control the
movement of the machine tool axis. +e command is then
handed over to the CNC system to complete. +erefore, the
development environment of other functional modules has
nothing to do with the operating environment of the CNC
system. +e computer software industry is developed and
used by Qt. Qt is a cross-platform C++ GUI application
development framework that supports Linux, Mac OS X,
Windows, Linux, Android, and other platforms. It can
design GUI services as well as non-GUI services such as
console tools and servers. Qt is not only easy to connect but
also allows the latest component programming. With Qt,
you can create an application that does not change the code
and can be used on multiple platforms, which reduces the
installation time of the application.+is topic choosesQt4 to
realize the development of industrial computer software
man-machine interface and processing auxiliary module
software, and the development tool chooses Qt Creator. Qt
Creator is a lightweight integrated development environ-
ment (IDE) that supports the cross-platform operation and
supports multiple operating systems [19].

In order to achieve higher benefits and reduce research
costs, the CNC system part of the collaborative control
system of this project adopts the GJ430 system developed by
High Precision CNC Intelligent Technology Co., Ltd., which
avoids the redevelopment of CNC system software. +ere-
fore, the main task of collaborative control system software
development is to complete the development of other
specific functional modules based on the industrial com-
puter platform on the basis of the existing CNC system and
to realize the entire CNC machine tool electrical system in
the processing process through the operation of these
functional modules. According to the analysis of the laser
CNCmachine tool processing process and the overall design

Collaborative control
system so�ware

CNC system so�ware

IPC so�ware

Interactive
interface

Sport control

Mission control

PLC

Interactive
interface

Each functional
module program

Process database

Figure 8: Overall design structure diagram of collaborative control system software.
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planning of the collaborative control system software, the
functional module structure diagram of the industrial
computer software is shown in Figure 9.

+e following introduces the realization of the main
functional modules in the process of IPC control software
processing.

+e process database is used to store the processing
parameters. According to the processing requirements, the
processing parameters, data types, units, and values in the
process database are shown in Table 1.

Among them, the serial numbers 2 to 6 in the parameter
table of the process database are the coordinate parameters
of the hole-making machine tool; the serial numbers 7 to 10
are the Z-axis feed process parameters for the helical
scanning; the serial number 11 is the laser output power
value during hole making (when the actual setting is ready,
the output power value is converted into a percentage for
display); serial numbers 12 to 17 are the parameters of the
four-beam beam scanningmodule whenmaking holes; serial
number 18 is the process identification, which is used to
mark the scanning track of the four-beam wedge scanning
head during laser hole making, including helix line scan (ID:
0), circle scan (ID: 1), and selection processing (ID: 2)
methods, which can be defined or modified according to the
configuration file. Each vertex of the special-shaped hole in
the selected processing method is determined by separate
software. +e interface is defined in polar coordinates, and
the center point of the polar coordinate system is concentric
with the center of the circular hole nested in the special-
shaped hole. Among them, the coordinates of the hole-
making machine tool from 2 to 6 are the parameters

obtained automatically by the 3D detection auxiliary posi-
tioning module, and the other parameters are obtained by
the operator manually editing the data table [20–22].

+e function of the 3Dmeasurement module is to realize
the auxiliary positioning of the workpiece processed by the
machine tool, determine the accurate representation of the
workpiece in the machine tool coordinate system, and save
the final measured processing position information to the
database. It can be seen from Chapter 2 that there are two
main methods for the 3D measurement module, one is line
laser scanning assisted positioning, and the other is point
laser six-point assisted positioning [23, 24]. +e software
realization of the three-dimensional measurement module
of this subject adopts the method of point laser six-point
auxiliary positioning. +e working flow chart of the 3D
measurement module using the point laser six-point assisted
positioning measurement method is shown in Figure 10.

According to the workflow of the 3D measurement
module, it can be known that the function realization of the
3Dmeasurement module needs to be completed through the
cooperation of the numerical control system and the 3D
measurement software. +e 3D measurement software is
provided with a supporting executable program by the 3D
measurement equipment provider. +e executable program
runs on the industrial computer. +e industrial computer
communicates with the 3D measurement equipment
through the RS232 serial port. +erefore, the 3D mea-
surement software realizes the control of the 3D measure-
ment equipment through this connection and acquisition of
measurement data. During the execution of the 3D mea-
surement module, the CNC system mainly obtains the axis
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Figure 9: Structure diagram of IPC software module.

Table 1: Process database parameter table.

Serial number Parameter Type of data Unit Scope
1 Hole serial number Unsigned int — 1∼1 0000
2 X coordinate Float mm 0∼1 000.000
3 y coordinate Float mm 0∼450.000
4 Z coordinate Float mm 0∼500.000
5 A coordinate Float deg −95.000∼95.000
6 C coordinate Float deg 0∼359.999
7 Feed rate Unsigned int mm/min 0∼2000
8 Single layer feed Float mm 0∼1.00
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position information and sends the axis position informa-
tion to the 3D measurement software of the industrial
computer and at the same time moves the machine tool
coordinate axis to the target position according to the
command of the industrial computer [25, 26].

+e main purpose of focal length measurement is to
ensure that the focus of the laser beam falls on the center of
the workpiece during processing. +e realization is based
only on the input data of the measuring sensors and the axis
movements of the CNC system. +e computer focal length
measurement module includes a comprehensive axis dis-
play, measurement axis measurement, and measurement
results. +e function of the data table is similar to the
function of the data table in the database module process,
and the data in the database can be selected for analysis

[27–29]. +e workflow of focal length measurement is
shown in Figure 11.

+e focal length measurement function of the industrial
computer software makes it possible to measure the focal
length of all the machined holes directly from the human-
machine interface during specific operations, save the
measurement results in the process database, and directly
load the process database during processing to obtain the
processing parameters and speed up processing [30].

+e Modbus protocol adopts a master-slave commu-
nication method and is a question-and-answer communi-
cation protocol. A communication station can connect one
or more slave communication stations through an inter-
connection line. Among them, the master station of the
station gives the address of the slave station, starts to ask the

Measurement
starts

�e measurement so�ware sends the coordinate
value of the first measurement point of the 6-point

positioning measurement to the CNC system

A�er the CNC system receives the coordinate value
of the target position, it starts the NC program and

moves each axis to the target position

�e CNC system sends the machine tool positioning
end signal to the 3D measurement so�ware, and sends

the actual position of the self-marking to the 3D
measurement so�ware

3D measurement so�ware confirms whether the
positioning of each axis is within the error range

Start measuring the actual
coordinate value of the

current position

�e three-dimensional measurement 
so�ware judges whether the 

measurement is over at 6 points

Send the new measurement point
target position coordinate value

to the CNC system

Finish

Send the new
measurement point target
position coordinate value

to the CNC system

Figure 10: Workflow of the 3D measurement module.
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slave station, sends information, and so on. +e slave re-
ceives the information sent by the master and sends a re-
sponse to the master. Figure 12 shows the comparison of the
connection mode between the point-to-point communica-
tion and the multipoint communication mode of the
Modbus protocol using the serial port [31].

+e general frame format structure of the Modbus
protocol is shown in Figure 13.

+e Modbus protocol consists of 4 types of registers and
multiple function numbers, each function representing a
different function of data in different registered entities. +e

Measurement
starts

�e CNC system calls the NC
program according to the parameters

of the industrial computer

�e program positions the Z
axis and sends a reading request

to the sensor

�e sensor sends the current
reading to the CNC

Whether the
measurement is

complete

Correct the compensation
amount to the process database

Whether the number of holes to
be measured has been measured

Finish

Z uranium incremental
feed measurement

feedback value

Figure 11: Flow chart of focal length measurement.

Main site Slaves

Main site

Slaves Slaves Slaves
RS232/RS422

RS485 RS486 RS485

Figure 12: Comparison of Modbus protocol point-to-point communication and multipoint communication.

Address field Function code Data segment Check code

ADU

PDU

Figure 13: Modbus general frame format.
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general statement of the Modbus model is as follows: the
master sends a command according to the slave product
created in the initial command and requests to read or write
the record in the registration area. +is time, after each slave
device receives the statement, it compares the device address
in the statement with its own address. If similar, it will accept
the post and respond accordingly. If it is different, it discards
the message frame and continues to wait for the command
from the master [32].

In using this software, in order to facilitate the com-
munication between computerized business and digital
management, two types of communication based on com-
puterized and digital business were developed. At the same
time, the serial communication control class of the CNC
terminal also provides a connection for receiving CNC
system information and sending commands to the CNC
system. +e software implementation process of the com-
munication between the CNC system and the industrial
computer is shown in Figure 14.

After completing the absent initialization and the files
required for Modbus communication, the communication
class of the CNC terminal starts to patrol the serial port to
check whether the Modbus frame is issued by the owner and
whether the frame file is available. +en, it will receive the
frame data and store it in the specified array, parse the data
in the array to get data such as function code and offset
address, and then determine what to do according to the
function code. +ese operations include reading CNC sys-
tem parameters and retrieval, and providing CNC system
commands so that the CNC system can complete corre-
sponding tasks according to the commands and responses.
Figure 15 shows the flow chart of serial communication on
the CNC system side.

Since the computer can be used as a proprietary device,
the computer only needs to determine the slave address of
the received data when sending the actual data. +e serial
communication class on the computer side sets the Modbus
communication address of the CNC system through macro
definitions. Each function module of the software provides
the communication function with the CNC system and
encapsulates the parameters and user operation commands
obtained from the interface [33].

+e kinematic model of the ultrafast laser CNC machine
tool needs to verify the algorithm of the control strategy of
the rotary axis, so it is necessary to simulate the tool attitude
and attitude error of the three interpolation methods, re-
spectively. +e attitude error corresponding to the improved
vector interpolation method is the smallest., the linear

interpolation mode is the largest, and the error is 44°, which
meets the requirements of the system error, as shown in
Figure 16.

As can be seen from Figure 16, during the interpolation
process of vector interpolation, the speed of the C-axis will
change drastically at the singular point, far exceeding the
maximum acceleration performance of the machine tool.
+e linear interpolation method produces a larger tool at-
titude error. +e advantages are proposed in this research.

In the interpolation process, the speed change is rela-
tively gentle and meets the requirements of machining
accuracy.

It is important to note that when assembling a Modbus
frame, the internal computer industry determines the

CNC
system

program

Class
CNC side

Serial
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ation
Managem
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Libmod
bus

library
send
lceve

Libmod
bus

library
send

Class
IPC

Serial
communic

ation
Managem
ent class

Human-
computer

interaction
interface
program

Figure 14: +e realization process of communication between a CNC system and an industrial computer.

Start

Loop monitor serial port

Whether there is a data frame
sent

Receive and parse data frames
to obtain function codes and

offset addresses, etc.

Complete the corresponding
operation according to the

function code

Send a reply frame to the industrial
computer within the specified time

Whether the serial connection
is closed

End of 
communication

N

N

Y

Figure 15: Flowchart of serial communication on the CNC system
side.
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location in the Modbus frame based on the type of opera-
tions registered and invoked. In the above rule, since the
final call is to record multiple registry functions, the base
functions are assembled in Modbus. When framing, the job
number is set to 16 (multiple names assigned). +e software
application process of other functions and control signal
communication in the computer software industry is similar
to the communication process using the optical modification
process and will not be explained one by one.

5. Conclusion

+e combination of CNC technology and laser processing
technology is a new direction for the development of CNC
machine tools in the future. +rough laser processing, CNC
machine tools can further improve the power addition ac-
curacy and processing efficiency and make it possible for
CNC machine tools to complete finer processing. +e re-
search results show that this electrical collaborative control
system scheme has strong practicability and feasibility. With
the help of system upgrades and optimization, the efficient
integration of laser processing technology and numerical
control technology can be better achieved. It should be noted
that the machining process of the machine tool is also re-
quired. In-depth improvements should be made, which can
maximize the operating efficiency and machining accuracy
of the electrical system of the CNC machine tool. Although
CNC technology and laser technology are still relatively
mature at present, there are still many problems in the
development of more general laser CNC machine tools, and
further exploration and research are needed. Compared with
general machine tools, the research and development of laser
CNCmachine tools are still in the preliminary stage.+ere is
no relatively unified manufacturing standard. More research
and development are carried out to meet specific processing
needs. +e experience and results will provide a certain
reference for further in-depth research and development in
the future.

+is research focuses on the research and imple-
mentation of electrical system cooperative control in ul-
trafast laser CNC machine tools, mainly from three aspects:

(1) Research and design of the overall control scheme.
By analyzing the equipment composition and
functions of the laser CNC machine tools, combined
with the processing requirements and the control
relationship between the equipment, in order to
better meet the processing requirements, a collab-
orative control scheme for the electrical system of the
machine tool based on the industrial computer is
proposed, and this collaborative control scheme is
used as a guide for machine tool hardware structure
design and software design.

(2) Hardware structure design, based on the control re-
lationship between laser numerical control machine
tool equipment analyzed in the first part and the
proposed collaborative control scheme to complete
the overall hardware structure design of the machine
tool, and introduce the hardware structure design of
the numerical control system and collaborative
control unit in detail, and finally complete the ma-
chine tool equipment intercommunication design.

(3) +e software management department was in-
formed. As the basis for the hardware components of
the machine tool, an integrated control unit inte-
grated with the computer was developed, including
the main control unit. +e integrated control system
consists of two parts: the industrial computer control
software and the digital control system. Among
them, the CNC system software is famous for con-
trolling the movement of the machine tool axis, and
the industrial computer software is used for real-time
operation and comprehensive control. Finally, the
realization of the main function modules of the
control system software and the software realization
of the communication between the numerical con-
trol system and the industrial computer are intro-
duced in detail.

+e laser CNC machine tool researched and developed
verifies the rationality and feasibility of the collaborative
control scheme through practical experiments, which can
meet the processing requirements and realize the integration
of laser processing technology and numerical control
technology. +ere are high machining efficiency and ma-
chining accuracy. In general, although the machine tools
studied in this topic are highly specialized, they still have
certain reference value for future related research. +e main
development trend of the laser industry in the future is as
follows: ultrafast laser will become the future development
trend of the laser industry, the industry will continue to
develop in the direction of high precision, and the industry
will continue to develop in the direction of flexibility. +e
laser processing control system is the brain of the laser
processing equipment. With the continuous development of
the laser processing equipment, the performance require-
ments of the laser processing control system are increasing
day by day. In the future, the application of the laser pro-
cessing control system will develop in the direction of high
precision.
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Figure 16: Schematic diagram of AC axis position curve.

12 Shock and Vibration



RE
TR
AC
TE
D

Data Availability

+e labeled data set used to support the findings of this study
is available from the corresponding author upon request.

Conflicts of Interest

+e author declares that there are no conflicts of interest.

Acknowledgments

+is work was supported by the Zhejiang Industry Poly-
technic College.

References

[1] M. Macmammah, J. Atuchukwu, C. I. Obinwa, and
C. E. Agbaraji, “Robust compensating function scheme for
adequate electrical power system stabilization,” Journal of
Scientific Research and Reports, vol. 27, no. 4, pp. 80–91, 2021.

[2] K. Klausen, C. Meissen, T. I. Fossen, M. Arcak, and
T. A. Johansen, “Cooperative control for multirotors trans-
porting an unknown suspended load under environmental
disturbances,” IEEE Transactions on Control Systems Tech-
nology, vol. 28, no. 2, pp. 653–660, 2020.

[3] J. Singh and D. Kedia, “Spectral efficient precoding design for
multi-cell large mu-mimo system,” IETE Journal of Research,
vol. 66, no. 5, pp. 1–16, 2020.

[4] A. Singh, H. Ahuja, V. S. Bhadoria, and S. Singh, “Control
implementation of squirrel cage induction generator based
wind energy conversion system,” Journal of Scientific & In-
dustrial Research, vol. 79, no. 4, pp. 306–311, 2020.

[5] H. Lee, J. Kim, C. Lee, and J. Kim, “Novel cooperative
controller design of heterogeneous energy storages for eco-
nomic applications in electric railway systems,” Journal of
Electrical Engineering & Technology, vol. 15, no. 2, pp. 979–
987, 2020.

[6] Y. H. Lan, B. Wu, and Y. P. Luo, “Finite difference based
iterative learning control with initial state learning for frac-
tional order linear systems,” International Journal of Control,
Automation and Systems, vol. 20, no. 2, pp. 452–460, 2022.

[7] D. G. Lui, A. Petrillo, and S. Santini, “Leader tracking control
for heterogeneous uncertain nonlinear multi-agent systems
via a distributed robust adaptive pid strategy,” Nonlinear
Dynamics, vol. 108, no. 1, pp. 363–378, 2022.

[8] N. P. Gupta and P. Paliwal, “Design and operation of smart
hybrid microgrid,” International Journal of Emerging Electric
Power Systems, vol. 22, no. 6, pp. 729–744, 2021.

[9] A. Zahedmanesh, K. M. Muttaqi, and D. Sutanto, “A coop-
erative energy management in a virtual energy hub of an
electric transportation system powered by pv generation and
energy storage,” IEEE Transactions on Transportation Elec-
trification, vol. 7, no. 3, p. 1, 2021.

[10] M. B. Sanjareh, M. H. Nazari, and S. H. Hosseinian, “A novel
strategy for frequency control of islanded greenhouse with
cooperative usage of bess and led lighting loads,” Electrical
Engineering, vol. 103, no. 1, pp. 265–277, 2020.

[11] M. Liu, C. Wei, and L. Xu, “Development of cooperative
controller for dual-motor independent drive electric tractor,”
Mathematical Problems in Engineering, vol. 2020, Article ID
4826904, 12 pages, 2020.

[12] J. Duan, H. Xu, W. Liu, J. C. Peng, and H. Jiang, “Zero-sum
game based cooperative control for onboard pulsed power

load accommodation,” IEEE Transactions on Industrial In-
formatics, vol. 16, no. 1, pp. 238–247, 2020.

[13] T. B. Avraham, G. Sharon, Y. Zarai, and M. Margaliot,
“Dynamical systems with a cyclic sign variation diminishing
property,” IEEE Transactions on Automatic Control, vol. 65,
no. 3, pp. 941–954, 2020.

[14] S. Kim, “Cooperative game based traffic control scheme for
the dual-channel can platform,” IEEE Access, vol. 9, no. 99,
p. 1, 2021.

[15] S. Mahmoud, “An overview of high impedance differential
scheme, design, protection and simulation for a 132 kv double
bus bar single breaker system,” International Journal of En-
gineering and Technical Research, vol. 09, no. 3, pp. 163–168,
2020.

[16] S. R. Shakirov, A. G. Kvashnin, and A. V. Pisarev, “Research
and development of mathematical models of elements of a
gas-air flow for improvement of automatic control system of
organic waste processing plant,” Mekhatronika, Avtomati-
zatsiya, Upravlenie, vol. 21, no. 10, pp. 575–583, 2020.

[17] Z. Dong, Y. Liu, H.Wang, and T. Qin, “Method of cooperative
formation control for underactuated usvs based on nonlinear
backstepping and cascade system theory,” Polish Maritime
Research, vol. 28, no. 1, pp. 149–162, 2021.

[18] J. K. Arun and S. L. Stuwart, “Cyclic interleaving scheme for
an ifdma system,” Annals of Telecommunications, vol. 75,
no. 5-6, pp. 241–252, 2020.

[19] R. R, “Design and implementation of imc-wpt system with
efficient control management strategy for vehicle to grid
application,” Journal of Advanced Research in Dynamical and
Control Systems, vol. 12, no. SP7, pp. 1775–1781, 2020.

[20] X. Huang, F. Zhao, Z. Sun, Z. Zhu, and X. Mei, “A Novel
Condition Monitoring Signal Analysis Method of Numerical
Control Machine Tools in Varying Duty Operation,” IEEE
Access, vol. 8, no. 99, p. 1, 2020.

[21] N. Hidman, G. Sardina, D. Maggiolo, H. Ström, and S. Sasic,
“Numerical frameworks for laser-induced cavitation: is in-
terface supersaturation a plausible primary nucleation
mechanism?” Crystal Growth & Design, vol. 20, no. 11,
pp. 7276–7290, 2020.

[22] J. Wang, C. Cheng, and H. Li, “A novel approach to separate
geometric error of the rotary axis of multi-axis machine tool
using laser tracker,” International Journal of Precision Engi-
neering and Manufacturing, vol. 21, no. 6, pp. 983–993, 2020.

[23] A. A. Gribkov, P. M. Pivkin, and A. A. Zelenskii, “State in-
dustrial policy and the machine-tool industry,” Russian En-
gineering Research, vol. 41, no. 4, pp. 342–346, 2021.

[24] H. Yang, Z. Wang, T. Zhang, and F. Du, “A review on vi-
bration analysis and control of machine tool feed drive sys-
tems,” International Journal of Advanced Manufacturing
Technology, vol. 107, no. 1-2, pp. 1–23, 2020.

[25] L. Luo, Z. X. Yang, L. Tang, and K. Zhang, “An elm-embedded
deep learning based intelligent recognition system for com-
puter numeric control machine tools,” IEEE Access, vol. 8,
no. 99, p. 1, 2020.

[26] B. Li, T. Wang, and P. Wang, “An analytical and optimal
corner smoothing method for cnc machine tools along linear
segments,” Journal of Mechanical Science and Technology,
vol. 36, no. 4, pp. 1959–1973, 2022.

[27] T. M. Volkova, E. N. Nerush, and I. Y. Kostyukov, “Using
machine-learning methods for analysing the results of nu-
merical simulation of laser-plasma acceleration of electrons,”
Quantum Electronics, vol. 51, no. 9, pp. 854–860, 2021.

[28] F. E. Bock, J. Herrnring, M. Froend, J. Enz, and B. Kashaev,
“Experimental and numerical thermo-mechanical analysis of

Shock and Vibration 13



RE
TR
AC
TE
D

wire-based laser metal deposition of al-mg alloys,” Journal of
Manufacturing Processes, vol. 64, no. 2, pp. 982–995, 2021.

[29] J. P. Davim,ModernMechanical Engineering, Springer, Berlin,
Germany, 2014.

[30] J. P. Davim, Machining, Springer, Berlin, Germany, 2008.
[31] J. P. Davim,Mechanical and Industrial Engineering, Springer,

Berlin, Germany, 2022.
[32] J. P. Davim, Nontraditional Machining Processes, Springer,

Berlin, Germany, 2013.
[33] J. P. Davim, Traditional Machining ProcessesSpringer, Berlin,

Germany, 2015.

14 Shock and Vibration




