Science & Technology Development Journal - Engineering and Technology, 4(512):5176-5190

Open Access Full Text Article

Research Article

Proposing a solution to reduce heat for control cabinet of
self-made CNC milling machine

Hung NGUYEN-QUOC"2*, Toan PHAM-BAO'-2, Luan VUONG-CONG'-2, Nhi NGO-KIEU 2

Use your smartphone to scan this
QR code and download this article

'Laboratory of Applied Mechanics
(LAM), Ho Chi Minh City University of
Technology (HCMUT), 268 Ly Thuong
Kiet Street, District 10, Ho Chi Minh
City, Viet Nam

*Vietnam National University Ho Chi
Minh City, Linh Trung Ward, Thu Duc
City, Ho Chi Minh City, Vietnam

Correspondence

Hung NGUYEN-QUOC, Laboratory of
Applied Mechanics (LAM), Ho Chi Minh
City University of Technology (HCMUT),
268 Ly Thuong Kiet Street, District 10,
Ho Chi Minh City, Viet Nam

Vietnam National University Ho Chi Minh
City, Linh Trung Ward, Thu Duc City, Ho
Chi Minh City, Vietnam

Email: nghung1706@hcmut.edu.vn

History

e Received: 19-11-2021
o Accepted: 25-4-2022
e Published: 31-5-2022

DOI : 10.32508/stdjet.v4iS12.943

| ") Check for updates

Copyright

© VNUHCM Press. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution 4.0 International license.

2 \\\\\=
‘\_

< L ——
VUNUHCM PRESS

25 years of scholarly publishing
wron

ABSTRACT

Today, CNC milling machines appear in almost all areas of production and are widely used in indus-
tries. Besides, the CNC controller using LinuxCNC software (LinuxCNC controller) is considered to
be quite cheap in price and compact in size. Therefore, it can be widely used to serve the needs
of self-manufacturing CNC machines and meet the tastes of the Vietnamese market. During op-
eration, there are many factors that affect the operation of the controller such as temperature and
humidity inside the cabinet, Electromagnetic Compatibility (EMC), vibration...etc. Continuous op-
eration for a long time, the release of a large amount of heat due to electrical equipment inside the
control cabinet is unavoidable. High ambient temperature inside the control cabinet can affect the
stability and responsiveness of the electrical equipment, thereby reducing the accuracy of the CNC
machine. The investigation based on experimental measurements will give the best estimates for
the cooling option of the switchboard. But such things will take a lot of time, effort and money. By
the way, Ansys CFX simulation software is considered a reliable solution to support experimental
survey methods. In this paper, first of all, the authors have designed and modeled the electrical cab-
inet cover and the equipment inside the control cabinet into a 3D model. Then, the authors applied
Ansys CFX software to simulate the temperature change inside the control cabinet after applying
the cooling methods. The authors propose a solution to limit the high ambient temperature inside
the control cabinet and based on the simulation results to evaluate the effectiveness, then select
the appropriate method. For small-scale workshops without cooling systems, this survey method
can be the right solution. To evaluate the effectiveness of the proposed method to reduce heat, the
authors measured and evaluated the position tracking error of the CNC milling machine. Besides,
some products have been processed to compare and evaluate the quality. Finally, based on the re-
sults obtained in the paper, some conclusions are drawn to verify the effectiveness of this research

method.
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INTRODUCTION

Today, many companies in the world manufacture
and supply control systems for CNC milling ma-
chines. The control systems are produced with dif-
ferent architectures, interfaces and partly based on
the individual standards of each company in differ-
ent countries. The development of a multiprotocol
CNC system that allows solving this problem has been
presented ! using various peripheral devices. Con-
trol systems of CNC milling machine can be divided
into closed systems and open systems generally based
on an industrial PC (IPC). The CNC control system
with open-source LinuxCNC software based on PC
can be easily adapted to different configuration ma-
chines. The integration of equipment from different
manufacturers into a LinuxCNC controller system is
made easy and ensures operational reliability . In ad-
dition, some users understand the openness of the

control software, thereby creating personalized screen
interfaces for convenient operation. In practice, com-
mercial systems offer limited openness, as they are
oriented towards a closed-loop control solution from
CNC milling machines, drive systems, and automated
electrical devices. Therefore, the authors are particu-
larly interested in the research and development of a
PC-based LinuxCNC controller.

During operation, the electrical components in the
CNC control cabinet will generate heat, causing the
ambient temperature to rise. This heat is transferred
to the ambient inside the cabinet through convec-
tion heat exchange processes. In a control cabinet,
there are often many electronic devices operating at
the same time under different capacities, from which
the temperature generated in each device is also dif-
ferent. It is very difficult and important to ensure the
ambient temperature of the control cabinet and the
internal electrical components. The consequences of
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overheating for electrical equipment are mainly re-
duced performance of the equipment. In particular,
like transistors, the higher the temperature, the more
time it takes to activate the threshold voltage, the more
it affects the response time. In addition, the increase
in temperature causes the internal resistance to in-
crease, which degrades the quality of the device or
causes damage. For electrical wires, when the tem-
perature increases, the wire will lose its elasticity and
strength, even causing the sheath to melt. The most
serious and least noticeable consequence is overheat-
ing, which reduces the life of the equipment. For solv-
ing this problem, many solutions have been proposed
to reduce temperature and ventilate the airflow in the
control cabinet. In particular, the design and arrange-
ment of equipment in the electrical cabinet (Figure 1)
contributes significantly to air conditioning and has
been recommended by equipment manufacturers?.

The authors have experimentally investigated the con-
trol cabinet overheating phenomenon during long-
term operating when the ambient temperature of the
control cabinet increases. In which heat-generating
sources are identified as AC-DC or UPS power supply,
inverter, AC Servo driver, Programmable Logic Con-
troller PLC, and HMI, Motion Control Unit (MCU)
and Break outboard (BoB). The overheating process
in the control cabinet is developed from two stages.
The first stage is heat generation in electronic compo-
nents of electrical devices. Starting from the moment
when the power is turned on and the load is active,
the temperature of the devices changes rapidly from
295 °K to more than 313 °K. The next stage is convec-
tion heat exchange and thermal resonance inside the
control cabinet. The environment temperature inside
the cabinet is much higher than the temperature out-
side, and the pressure difference is generated. In ad-
dition, the ambient temperature inside the cabinet is
not radiated to the outside, which causes the device’s
temperature to increase even more due to reverse ab-
sorption. This process is repeated continuously dur-
ing long-term operation, causing the device’s temper-
ature to increase significantly from 313 °K to over 323
°K. Long-term working under high ambient tempera-
tures conditions can affect the performance as well as
reducing the life of the electronic devices (Figure 2)*.
With the increasingly modern development of science
and technology, electrical equipment is manufactured
for the purpose of long-term service with high dura-
bility and ability to withstand the harshness of the ex-
ternal environment. In addition, the high temper-
ature inside the electrical cabinet is said to be the
main cause that directly affects the performance and
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working ability of control devices and actuators. Pro-
grammable logic controllers (PLCs), drivers, and elec-
tronic components are particularly erratic with heat.
Operating under high ambient temperature condi-
tions makes these devices noisy, leading to erroneous
control signals for the drive system. Some studies
have shown that the unstable operation of control de-
vices such as drivers and inverters will cause power
loss or abnormally high voltage and current of electric
motors. Thereby, causing the electric motor to gener-
ate high heat, causing incorrect operation>°. There-
fore, in this paper, the objective is to study the feasibil-
ity of some solutions to reduce the temperature inside
the control cabinet to apply to the self-manufacturing
of the controller. First, the author’s team has success-
fully designed and manufactured a CNC controller for
milling machines. The operability and performance
of the controller are evaluated through actual tests.
Theories of dynamic error, position error and posi-
tion tracking error related to the control system are
also mentioned in this paper to apply experimental
measurements and evaluate the precise operation of
the controller. During operation, the heat emitted
from electrical components inside the control cabi-
net is significant and needs to be controlled to avoid
thermal resonance. On the basis of the control cab-
inet design theory, electrical equipment is modeled
into 3D CAD drawings and logically arranged into the
control cabinet. Then, the authors simulate and ana-
lyze the ambient temperature inside the control cabi-
net using Ansys CFX software combined with exper-
imental measurements. From the simulation results,
the author’s team proposes heat reduction options for
the simulation, from which it is possible to choose a
method suitable for actual conditions and evaluate the
effectiveness. The effectiveness of this method is veri-
fied based on the results of measuring the experimen-
tal position error as well as checking the product sur-
face quality. Finally, the authors draw conclusions to
evaluate the effectiveness of this study.

MATHERIAL AND METHODS

The CNC milling machine controller.

The CNC control cabinet.

Designing control cabinets for self-made CNC
milling machines is a necessary and highly complex
job.
coupled with a wide range of products makes design

Rapidly advancing automation technology

and installation more challenging. A good control
cabinet can ensure the safe operation of the self-made
CNC machine without any unexpected problems.
Based on the configuration of the CNC milling
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Figure 1: Recommended wiring diagram inside the cabinet (separation by dedicated cabinet).?

machine, the diagram of the controller includes the
PC, and the hardware components in the control
cabinet can be determined as shown in Figure 3.

Figure 3 shows that inside the PC, there is a PCI-e in-
terface card that performs the control signal genera-
tion function, and the motion control unit in the con-
trol cabinet has the function of receiving control sig-
nals. The Breakout Board (BoB) in the Motion control
unit are used to connect to the Servo pack which con-
trols the motor’s motion. In addition, the BoB is also
connected to output relays to receive signals from pe-
ripheral devices such as limit switches, power buttons,

emergency stop buttons, etc. 110VAC and 24VDC
voltage supplies are used for electrical power equip-
ment.

After determining the component devices for the con-
troller, the authors arranged them on the control
panel to determine the required workspace and size
for the control cabinet. The control cabinet has been
arranged as shown in Figure 4. Problems with control
signal interference are a particular concern for safety
and performance. Therefore, keeping the source of
interference away from the control signal transmis-
sion/receiving system or low voltage wiring should

SI178
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Figure 3: The diagram of the controller.

be kept separate from the control circuitry and signal
wiring.

Inside the control cabinet designed as shown in Fig-
ure 4, the inverter is considered a source of interfer-
ence, so it has been isolated.

Solution for reducing heat.

When the working environment is clean air with a
standard laboratory temperature of 300 °K, we can
use a cooling fan solution to convection air. However,
the fan should be accompanied by dust extraction
slots fitted with dust filters to minimize the amount of
dust entering the cabinet. This solution is commonly
used and is called forced convection cooling, as shown
in Figure 5.

In addition, the hot air in the control cabinet can be
cooled by a dedicated air conditioner. The special
structure of the air conditioner is to separate the air
inside the electrical cabinet from the outside, helping

SI179
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Figure 4: The construction of self-made control cab-
inet

to prevent dust, garbage, and chemicals from enter-
ing from the outside. This method is considered a
closed-loop cooling solution. The feature of the air
conditioner is that it can be heat pumped, so it can be
used to cool cabinets located in high-temperature en-
vironments from 308 °K to 328 °K. Meanwhile, the
method of cooling by compressed air (vortex cooling)
through the filter system is ejected from the expansion
device, pushing the hot air out. Widely used in places
with lots of dust, the air contains corrosive substances.
However, two above methods are very expensive and
are often applied to control cabinets with special oper-
ating conditions. Therefore, fan has been selected for
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Forced Convection Cooling

Figure 5: The forced convection cooling.”

the forced convection cooling method to match the
actual conditions and reduce costs in this study.

Theory of CNC machine tools dynamicerror.

Definition of dynamic error.

Today, CNC milling machines are commonly used
in many areas of manufacturing processing. For the
purpose of increasing production capacity, the speed
of the milling machine is usually pushed up as fast
as possible. Therefore, ensuring the accuracy of the
milling machine operating at high speed is a concern-
ing problem. Machine tool errors are the deviation
of the tool position relative to the workpiece, mainly
caused by quasi-static and dynamic errors. The quasi-
static error is when the machine tool does not move
(spindle does not rotate or worktable does not move)
or the speed of motion is low, including geometric and
errors by thermal generated dynamic errors have not
been clearly defined so far and are generally consid-
ered to be related to feed-drive motion. The goal of
dynamic error control is to achieve high trajectory ac-
curacy. When the feed rate was increased from 150
mm/min to 8000 mm/min, the trajectory error of the
circle-diamond-square tool path was increased from
6um to 11 um®. Not only the feed rates but also
the acceleration/jerk and the tool path curvature af-
fect the dynamic errors, and the trajectory errors®.
In this section, a simple model for the feed-drive sys-
tem ' (Figure 6) is presented to investigate the cause
of dynamic errors,

The mechanical structure and control of one stage in
a CNC machine tool are shown in Figure 6. This
stage moves by controlling the rotation of the motor

through a system of ball screws and linear rails. Mo-
tor control is divided into two types: closed-loop con-
trol and semi closed-loop control. To have an over-
all control scheme for CNC milling machines, Zhao
et al.!! systematized and classified the errors related
to each stage. Then their definitions like control, dy-
namic, kinetic/thermal, and process errors, as shown
in Figure 7.

In modern control systems for CNC machines,
closed-loop control is often used because of its high
accuracy and reliability. For closed-loop control,
along with the encoder built into the motor, encoders
or linear scales are installed directly on the machine’s
stages to achieve high accuracy. Some studies '? indi-
cate that the higher the feed rate, the greater the dy-
namic error. At the feed rate of 10m/min, the dynamic
error accounts for 80% of the total position errors.
Other causes of CNC milling machine position track-
ing errors can also be considered from control system
failures, including system response > and state feed-
back control'*. When the electrical equipment in-
side the control cabinet operates at high temperatures,
control system errors will arise under the influence of
high ambient temperature. The term steady-state er-
ror is used for the error that occurs between the devi-
ation of the input value set to the control system and
the output value after it has stabilized. Steady-state
errors can arise from the non-linear behavior of elec-
trical devices in the control system. The steady-state
error is influenced by confounding factors or phase
delay !> which causes the following error for digital
control.

The heat effect problem in CNC machining, especially
position accuracy, is often considered as cutting heat
on the technological system (cutting tools, fixtures,
workpiece, drive systems of axes) because these ob-
jects directly affect position errors. Therefore, the ap-
proach of this paper can be considered quite unique.
The ambient heat in the electrical cabinet can affect
the life, voltage value, amperage, performance and
energy consumption of the equipment in the electri-
cal cabinet. Heat affects the hardware of the devices,
not the control algorithm. Therefore, this article has
clearly stated the influence between the ambient tem-
perature in the CNC machine control cabinet to the
control devices. Since then, the errors arising from
the hardware of the control devices causing the dy-
namic errors on the CNC machine and related re-
search works have been presented. When the hard-
ware has a thermal error, especially a status error (de-
lay), it is difficult for the CNC machine to operate nor-
mally, the machining error is obvious, easy to recog-
nize and must be corrected immediately because this
is a basic error for CNC machines.

SI180
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Theory of determining position error.

Absolute vector survey in which the position error of
the extrapolated coordinates is expressed as:

7
i=1 a
In there: Ag; is the error of the point g; at O, (is the

AT =Y (1)

origin), O, at the n link.
The absolute value of the distance error of the #n link
is expressed as:

671 = (As )+ (M) (Ba) @

Inside: Axy, Ayp, Az is the corresponding error
of the coordinates at O, when surveyed in the refer-
ence system, so the position error is a function of the
Descartes coordinates of the point and is defined by:

dxdydz
Ary = fxfy fz Ary (x,9,2) Vy

If we are only interested in the mean error of a finite

€)

number of points, we can use the concept of position
arithmetic mean error in terms of:

Arep =Y1 ]<Anr,~)
V(057 + (L3 + (820)

n

=Yl
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Ansys CFX simulation.

Ansys CFX is a computational fluid dynamics (CFD)
software tool that delivers reliable and accurate so-
lutions quickly and robustly across a wide range of
CFD and Multiphysics applications. CFX is recog-
nized for its outstanding accuracy, robustness, and
speed in simulating turbo-machinery, such as pumps,
fans, compressors, and gas and hydraulic turbines.
FEA can be used to model conductive heat transfer
in solid components such as electronic components
and electrical circuits '°. The components in the con-
trol cabinet are modeled in 3D and then using Ansys
software for meshing. The 3D modeled construction
of the control cabinet is shown in Figure 8.

Mesh quality is achieved by three levels, including
coarse meshing, medium meshing and fine meshing.
Meshed models will be evaluated for quality accord-
ing to 2 criteria “Element Quality” and "Orthogonal
Quality”. These are two standard criteria in evaluat-
ing the heat transfer process and the effect of temper-
ature on materials. The research chooses to mesh with
fine mesh level through the evaluation criteria to cre-
ate accuracy for the obtained results. The problem of
simulating heat reduction for the control cabinet for
two options of fan placement (behind and on the side
of the cabinet) is set up.
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Figure 8: The 3D modeled construction of the con-
trol cabinet

o Option 1: the fan placed behind the cabinet,
there has a number of fans are two, with one fan
blowing air from outside into the control cabi-
net and one fan drawing hot air from inside the
control cabinet to the outside. The model of op-
tion one is shown in Figure 9a.

« Option 2: the number of fans is 3, with two fans
blowing cold air from outside into the electri-
cal cabinet (lower left side of the cabinet) and
one fan drawing hot air from inside the cabinet
(upper right side of the cabinet), shown as Fig-
ure 9b.

RESULTS AND DISCUSSION

CNC milling machine preparation.

The structure of the CNC milling machine is designed
and manufactured in the double column type, which
can withstand good vibration and high rigidity. The
CNC milling machine tool is divided into two sys-
tems. One is a translation system, which includes
translation X-axis and Z-axis. The other is a work-
piece system that provides for translation Y-axis and
rotation axis A. In which, the translating X, Y, Z axes
of the CNC machine used a ball-screw feed drive sys-
tem, the rotating axis through the gearbox reducer.
The maximum travel ranges of the X, Y, and Z trans-
lating stages are 800 mm, 500 mm, and 250 mm,
respectively. The CNC milling machine has a large
travel range, and under the high-speed operation con-
dition, a ball-screw feed drive system was chosen.
Ball-screw feed drive systems have been widely used
in high-precision machine tools. The specifications of

0 0.500
0.250

1.000 (m)
0750

a) option 1

b) option 2

Figure 9: Control cabinet model

the CNC milling machine tool for this investigation
have been represented in Table. 1.

Thermal analysis results.

Through the evaluation criteria, the research chooses
meshing on a high mesh level (smooth) with 139660
nodes and 534023 elements to create accuracy for the
obtained results. The Figure 10 shows the results of
model meshing with high mesh level.

In which, initial conditions include: Problem type
(Analysis Type) suitable for the problem of stability
(Steady State), Fluid and Particle Definitions at Air
(307°K, 1 atm), INLET and OUTLET setup, set tem-
perature, thermal conductivity for each element in the
control cabinet as shown in Table 2.

Firstly, the authors simulated the temperature of the
control cabinet in the natural state without using any

Si82
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Table 1: The specifications of the CNC milling machine tool.

Stages Travel (mm)/degree Accuracy (um) Maximum travel speed
(mm/min)

X-Axis 800mm 25 2000

Y-Axis 500mm 25 2000

Z-Axis 250mm 25 2000

A-Axis 25 2000

Table 2: Temperature and heat flux before installing the cooling fan system.
Components Radiation coefficient Initial temperature (°K) Radiation intensity
(W /m?)

Breakout Board 0.87 3254 566.78

Noise filter 0.59 323 428.11

Contactor 0.93 312.8 504.82

Servo pack 1 0.91 316.2 515.79

Servo pack 2 0.91 316.2 515.79

Servo pack 3 0.91 316.2 515.79

Servo pack 4 0.91 316.2 515.79

24VDC power supply 0.85 313.2 463.76

110VAC power supply 0.85 314.4 470.90

Q.00

Q.700 (m)
1

Figure 10: The results of model meshing with high
mesh level (smooth).

cooling method to investigate the initial heat. The re-
sults show that with the two ventilation holes of the
original control cabinet at the back, the heat gener-
ated from electrical equipment is concentrated in the

SI83

front. The average temperature of the devices is above
317.067 °K, and the highest is BoB with 325.4 °K. This
heat was partially trapped by the flat panel so that the
hot air only recirculated in front and was not allowed
to escape. During the operation of the control cabi-
net, the hot air will move turbulently inside the cabi-
net and increasingly. This will be very dangerous for
the control cabinet to operate for a long time. After
investigating the initial heat inside the control cabi-
net, heat reduction options are set up, and simulation
is carried out. The analysis results of the options are
shown in Figure 11a and Figure 11b.

The simulation results show that after applying the
cooling fan, the initial average temperature of over
317.06 °K has been significantly reduced to over
311.07 °K with option 1 and 309.55 °K with option
2. The temperature simulation results are listed in Ta-
ble 3.

From the results in Table 3, it shows that option 2 with
the solution of setting a fan on the side of the cabinet
helps to reduce heat better than option 1. The better
heat reduction solution will help the equipment work
better, ensuring durability and device stability. At the
same time, the authors propose to create more holes
in the flat plate, helping air to circulate and exchange



Science & Technology Development Journal - Engineering and Technology, 4(512):5176-5190

(b)

Figure 11: a. The temperature of the control cabinet with option 1, b. The temperature of the control cabinet with

option 2.

heat better. According to the heat transfer character-
istics of electrical equipment, the process of reducing
heat by using cold air mainly occurs in the form of
convection. Comparing the air flow speed simula-
tion results are listed in Table 4 and as shown in Fig-
ure 12 of the two options will help us easily evaluate
and choose the appropriate option.

The use of blower and suction fans to enhance heat ex-

change this process becomes forced convection. The

places near the fan will have a larger flow rate, and
the heat dissipation coefficient will also be large. The
temperature will drop faster and better. Based on that,
rearranging electrical equipment as well as arranging
exhaust and blowing fans will help us be proactive in
designing control cabinets. Besides, it can be seen that
the result of the decrease in temperature and wind
speed inside the control cabinet with option 2 is better
than option 1. The air flow in the cabinet is evenly cir-
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Table 3: The temperature simulation results

Components Initial temperature (°K) Temperature Option 1 (°K)  Temperature Option 2 (°K)
Breakout Board 325.4 311.76 309.60
Noise filter 323 312.67 310.10
Contactor 312.8 309.9 308.88
Servo pack 1 316.2 310.81 309.56
Servo pack 2 316.2 311.13 309.95
Servo pack 3 316.2 311.20 309.9
Servo pack 4 316.2 311.18 309.77
24VDC power supply 313.2 309.53 308.81
110VAC power supply 314.4 311.45 309.38
Average 317.06 311.07 309.55
Table 4: The air flow speed simulation results.
Components Option 1 Option 2
Temper-ature (°K) Speeds (m/s) Temper-ature (°K) Speeds (m/s)
Breakout Board 311.76 0.952 309.60 1.737
Noise filter 312.67 1.327 310.10 1.59
Contactor 309.9 1.413 308.88 2.101
Servo pack 1 310.81 0.896 309.56 0.962
Servo pack 2 311.13 0.887 309.95 0.938
Servo pack 3 311.20 0.707 309.9 0.877
Servo pack 4 311.18 0.914 309.77 0.92
24VDC power sup-  309.53 1.406 308.81 1.776
ply
110VAC power sup-  311.45 0.690 309.38 1.006

ply

culated and the cooling air from the outside is brought
to exactly where it needs to dissipate heat, reducing
the heat inside the cabinet.

The experimental measurement result.

There are many additional tools to serve the needs
of precision measurement and alignment for multi-
axis CNC milling machines. The authors using Ditron
D60-3V digital linear scale systems to measure the
accuracy of CNC milling machines. Ditron D60-3V
digital Scales (Figure 13a) are used as a stand-alone
measuring system (Figure 13b) with a digital display
for three output axes, which can be convenient for in-
stallation. Along with high operability and accuracy,
the resolution of systems can be customized from
0.001 - 0.005 mm. The measurement systems can be
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set up as shown in Figure 13c.

In this article, the position tracking error measure-
ment of CNC milling machines is mentioned. Posi-
tion error has many causes such as toolpath error, me-
chanical part error, assembly error, load during cut-
ting and cutting force, dynamics during acceleration
and deceleration...etc. Therefore, it is difficult for re-
search to give precise quantitative results instead of
general qualitative results. To limit the above causes,
the authors have taken measures to control the accu-
racy of the machine. Besides, it is necessary to ensure
the stability of the technology system (cutting depth,
feed-rate, spindle speed), vibration, cutting force, tool
wear, tool trajectory...etc. From there, it is proved that
the position error is caused by heat generated in the
electrical cabinet of the CNC machine
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b) option 2

Figure 12: The air flow speed of the control cabinet with 2 option

The investigation is carried out in two case studies.
Case study 1 is the control cabinet operates under
a high-temperature environment (over 325.4°K) and
case study 2 is the control cabinet operates under tem-
perature environment after reduced (at 309.6°K). The
experimental measurement methods are performed
by moving the axes in a circular orbit with a radius
r of 50 mm in turn on the X-Y, X-Z, Y-Z planes.
The experimental process was performed without the
impact of external forces (cutting forces), the feed-
rate, motion trajectory and test position on the CNC
milling machine were the same in both cases. The po-
sition coordinates of some special points are recorded
in Table 5 and Table 6.

From the error results in Table 5, the average error of
the 3 translation axes X, Y, Z is respectively: AX; =
0.027mm, AY; = 0.024mm, AZ; = 0.023mm. Based
on the theoretical of position error, following equa-
tions (1)-(4), the experiment maximum position error
is Arep1 =0.0428mm~42.8um.

From the error results in Table 6, the average error of
the 3 translation axes X, Y, Z is respectively: AX, =
0.024 mm, AY; = 0.023mm, AZ, = 0.022 mm. Based
on the theoretical of position error, following equa-
tion (2)-(5), the experiment maximum position error
is Arepr =0.0398 mm~39.8 pm.

Comparing the position errors from the experimen-
tal measurement results in Table 5 and Table 6, it can
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Table 5: Measuring results in case study 1.

Plane X-Y (mm) X-Z (mm) Y-Z (mm)

Angle (0) X1 Y; X> Y> X3 Y3

0 50 0 50 0 50 0

10 49.265 8.660 49.266 8.704 49.264 8.704

20 47.009 17.077 47.010 17.081 47.011 17.081

170 -49.212 8.709 -49.213 8.706 -49.215 8.706

180 -49.974 0.023 -49.974 0.022 -49.976 0.022

-10 -49.267 -8.707 -49.212 -8.661 -49.216 -8.660

-160 46.957 -17.125 46.960 -17.124 46.961 -17.125

-170 49.213 -8.708 49.266 -8.705 49.264 -8.706

-180 49.975 -0.024 49.975 -0.021 49.975 -0.021
Table 6: Measuring results in case study 2.

Plane X-Y (mm) X-Z (mm) Y-Z (mm)

Angle (0) X )4l .¢) )2 X3 )4

0 50 0 50 0 50 0

10 49.265 8.660 49.264 8.704 49.264 8.704

20 47.009 17.079 47.010 17.081 47.010 17.081

170 -49.216 8.707 -49.214 8.705 -49.215 8.706

180 -49.975 0.023 -49.974 0.022 -49.977 0.022

-10 -49.214 -8.705 -49.215 -8.661 -49.216 -8.660

-160 46.958 -17.125 46.962 -17.123 49.961 -17.123

-170 49.216 -8.706 49.215 -8.705 49.214 -8.706

-180 49.976 -0.024 49.975 -0.021 49.976 -0.021

be seen that these errors tend to decrease gradually.
This is represented by the position error value in the
three directions X, Y, Z, and the total position error.
From the accuracy value in Table 1, it can be deter-
mined that the total allowable position error value of
the CNC milling machine is 43.3um. The total posi-
tion error in case study 1 (42.8 um) is larger than in
case study 2 (39.8 um). Both case studies are smaller
than the total allowable position error of the CNC
milling machine (43.3 um). This shows that dur-
ing operation, the temperature generated inside the
control cabinet can also affect the operation ability
as well as the accuracy of the CNC milling machine.
However, the position error of the X-direction in case
study 1 (AX] = 27um) has exceeded the allowable ac-
curacy of the CNC milling machine (25um) and vice
versa in case study 2 has achieved the required accu-
racy (AX, = 24um). Therefore, limiting the ambient
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temperature inside the control cabinet is necessary
to help the CNC milling machine operate stably and
achieved the desired accuracy. However, the authors
need to implement more evaluation activities based
on the products after experimental processing. Ex-
perimental processed products are also divided into 2
case studies similar to the position error measurement
method, as shown in Figure 14.

The sample model selected for the experiment pro-
cessing product is small size 50x50x8 mm with many
complex motifs. The above products are processed
with the same cutting mode and feed-rate and pro-
cessed on the same material. The intermediate factors
that can cause falsification of the test product process-
ing results have also been eliminated or minimized by
the authors. The above efforts are aimed at demon-
strating the influence of heat generated inside the con-
trol cabinet on control devices, thereby affecting the
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¢) Linear séalefsetup on CNC Machine

Figure 13: Setup Ditron D60-3V digital linear scale
system on CNC machine.

quality tof the processed product.

Comparing the surface quality of the processed prod-
uct from 2 case studies as shown in Figure 14. Itis easy
to recognize that the product quality from case study
2 is better than case study 1. During the simultane-
ous movement of the axes, the rapid and continuous
change of the acceleration is determined by the oper-
ating stability of the control cabinet. From there, de-
cide on the ability to operate synchronously and limit
the deviation of the tracking trajectory of the CNC
milling machine. Therefore, the authors can confirm
that for the CNC milling machine to operate stably for
a long time, it is necessary to limit the ambient tem-
perature inside the control cabinet.

CONCLUSIONS

In this paper, an experimental investigation is pre-
sented based on the influence of the temperature in-
side the control cabinet on the correct operation of
the CNC milling machine. Based on the results of
simulation analysis, recommendations can be made
on the selection of a suitable and effective heat reduc-
tion method. To evaluate the influence of the temper-

b) Case study 2

Figure 14: Experimental processed products

ature inside the control cabinet on the position track-
ing error of the CNC milling machine, the authors
conducted experimental measurements with precise
measuring instruments as well as based on the prod-
ucts. machined. With the results obtained from this
study, the following conclusions can be drawn:

« Using Ansys CFX simulation software, the au-
thors surveyed and proposed solutions to reduce
the ambient temperature inside the control cab-
inet. The simulation results only have relative
meaning because the authors have simplified the
included control cabinet model. To achieve ac-
curate simulation results, we need to consider
other components inside the electrical cabinet
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such as wires, signal wires, trays, etc. How-
ever, in this paper, based on the simulation re-
sults, the authors have selected a solution for the
placement of the cooling fan according to option
2 and achieved certain efficiency.

« The effectiveness of the cooling solution for the
control cabinet is evaluated through the ex-
perimental position error measurement results
shown in Table 5 and Table 6. The average er-
rors in the three directions XYZ tend to de-
crease. The total position error tends to de-
crease. It can be reduced by approximately 3um
from 42.8um to 39.8um. However, the position
error of the X-direction in case study 1 (AX])
=27um) has exceeded the allowable accuracy
of the CNC milling machine (25um) and vice
versa in case study 2 has achieved the required
accuracy (AX,) =24pum). This further confirms
that the temperature inside the electrical cabi-
net can affect the position accuracy of the CNC
milling machine as well as the surface quality of
the product.

« There are certain limitations in this paper. How-
ever, from the obtained results, the authors can
convince that it is very important to design the
control cabinet as well as choose the appropri-
ate heat reduction plan in the electrical cabinet.
The survey method proposed in the article can
be applied to design before manufacturing con-
trol cabinets for other CNC milling machines in
the future.
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Ngay nay, may phay CNC xudt hién trong hau hét cac linh vuc san xuét va dugc Uing dung rong
rai trong cac nganh cong nghiép. Bén canh do, bd diéu khién CNC st dung phan mém LinuxCNC
(LinuxCNC controller) dugc danh gid la cé gid thanh kha ré va kich thuéc nhé gon. Do do, né cod
thé duagc str dung rong rai dé phuc vu nhu cau tu ché tao may CNC va dap Ung thi hiéu cla thi
trudng Viét Nam. Trong qué trinh hoat dong, cé nhiéu yéu té anh hudng dén hoat dong clia bo
diéu khién nhu nhiét dé va dé dm bén trong tu, kha nang tuong thich dién t&r (EMC), d6 rung ...
vv. Hoat déng lién tuc trong thai gian dai, viéc toa ra mét lugng nhiét I6n do cac thiét bi dién bén
trong t0 diéu khién 1a diéu kho tranh khoi. Nhiét dé méi trudng cao bén trong tu diéu khién co thé
anh hudng dén su 6n dinh va kha nang dap Ung cua thiét bi dién, do dé lam gidm do6 chinh xac
clia mdy CNC. Viéc khao sat dua trén cac phép do thuc nghiém sé dua ra cac udc tinh tét nhat cho
phuang én lam mét clia téng dai. Nhung nhimg viéc nhu vay sé tén rat nhiéu thai gian, cong suc
va tién bac. Nhan tién, phan mém mé phong Ansys CFX dugc coi la mét giai phdp déng tin cay dé
ho trg cac phuong phap khao sat thuc nghiém. Trong bai bao nay, trudc hét nhom tac gia da thiét
ké va mé hinh héa vo ta dién va cac thiét bi bén trong td diéu khién thanh mé hinh 3D. Sau do,
nhom tac gid 4p dung phan mém Ansys CFX dé mo phong su thay déi nhiét do bén trong tl diéu
khién sau khi &4p dung cac phuong phap lam lanh. Nhom téc gia dé xudt gidi phap han ché nhiét
dé moi trudng cao bén trong ta diéu khién va dua trén két qua méd phong dé danh gia hiéu qua tir
d6 lua chon phuong phap phu hgp. Déi vai cac phan xudng quy mé nho khong céd hé théng lam
mat, phuong phéap khao sat nay cé thé 1a giai phap phu hop. D& danh gia hiéu qua ctia phuong
phép dé xuat dé gidm nhiét, cac tac gia da do va danh gia sai s theo déi vi trf clia may phay CNC.
Bén canh d6, mét s6 san phdm da dugc xt ly dé so sanh va danh gia chét lugng. Cudi cuing, dua
trén két qua thu dugc trong bai bao, mot s6 két luan dugc rat ra dé kiém ching tinh hiéu qua cta
phuong phap nghién ctu nay.

Tur khoa: May phay CNC, B6 diéu khién LinuxCNC, Nhiét dé tu diéu khién, Ansys CFX

Trich dan bai bao nay: Hung N Q, Toan P B, Luan V C, Nhi N K. D& xuat gidi phap gidm nhiét cho tu
diéu khién may phay CNC tu ché tao. Sci. Tech. Dev. J. - Eng. Tech.; 4(S12):S176-S190.
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