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ABSTRACT

The advent of technology has led to a growing demand for automation compact machines. In
the past, large, heavy machines were the norm. However, these machines were often not practical
for small businesses or startups, as they were expensive to purchase, maintain, and operate. They
were also not portable, making it difficult to move them from one location to another. In recent
years, there has been a shift towards more compact and portable machines. These machines are
still capable of performing complex machining tasks, but they are much smaller and easier to use.
This makes them ideal for small businesses and startups, as well as for home use. One of the most
important benefits of compact CNC machines is their affordability. These machines are often much
cheaper than traditional large machines. This makes them a more viable option for small businesses
and startups, which may not have the budget for a large, expensive machine. Another benefit of
compact machines is their portability. These machines are often small enough to be easily trans-
ported. This makes them ideal for businesses that need to move their machines from one location
to another. It also makes them a good option for home use, as they can be easily stored in a garage
or workshop. In addition to being affordable and portable, compact machines are also often very
versatile. These machines can often be used for a variety of machining tasks, which makes them a
good investment for businesses that need to be able to handle a variety of projects. Overall, com-
pact CNC machines offer several advantages over traditional large CNC machines. They are more
affordable, portable, and versatile. This makes them a good option for small businesses, startups,

and home users.
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INTRODUCTION

CNC machines are a type of automated machine tool
that can be programmed to perform complex tasks
with great precision. They have been used in man-
ufacturing for many years, and their capabilities have
continued to improve over time.

One of the most advanced types of CNC machines is
the 5-axis CNC machine. These machines can remove
materials from a workpiece along five axes, which al-
lows them to machine complex 3D shapes that would
be difficult or impossible to machine on a 3-axis CNC
machine.

The Vietnamese machine tools industry is growing
rapidly, but there are two main challenges: the high
cost of imported machine tools and the lack of skilled
machinists. To address these challenges, Vietnam
needs to develop a domestic manufacturing industry
for 5-axis CNC machine tools and invest in skill devel-
opment programs for machinists. By addressing these
challenges, Vietnam can position itself as a leader in
the global machining market.

In this study, we researched and manufactured a 5-
axis CNC machine using knowledge from a variety

of subjects, including soft skills, engineering, me-
chanical drawing, physics, materials science, electri-
cal engineering, and CAM/CAM. The machine was
designed to be simple, easy to use, repair, and replace.
Old components were used from scrap yards to make
the machine more affordable.

METHODS AND IMPLEMENTATION

Operation Procedure of CNC Machine

The simplified operation procedure of CNC machines
is presented in Figure 1. First, engineering drawings
are prepared using CAD software. Then, a CNC pro-
gram is written or composed based on the engineer-
ing drawings. This program includes geometrical and
technical information, such as the position of the tool
movement and cutting direction. The technical in-
formation also includes the choice of tools, rotational
speed, and direction, cutting speed, etc. Finally, the
CNC program is loaded into the machine control,
the machine is started, and the program is run. The
machining process is monitored, and adjustments are
made as needed.
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Figure 1: Simplified operation procedures of CNC
machine'
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Figure 2: The stroke of 5 axis

The shaft is a critical component of a 5-axis CNC
machine. It is responsible for holding other parts in
place and ensuring that the machine runs smoothly.
The dimensions of the shaft should be approximately
800mm X 400 mm to ensure that the machine has the
necessary working capacity while still being compact
enough for a laboratory environment. The prelimi-
nary design of the shaft will focus on the X, Y, and
Z axes which is illustrated in Figure 2, as these axes
will withstand the most load during machining?.
Integral motor spindles and separate motor spindles
are two types of spindles used in CNC machines. In-
tegral motor spindles have an inbuilt motor that can
reach speeds of up to 50,000 RPM, making them ideal
for high-speed applications. However, they can burn
out quickly. Separate motor spindles have a separate
motor that is connected to the spindle, making them
more powerful and durable. However, they are not as
fast as integral motor spindles.

The type of spindle that is best for a particular appli-
cation will depend on the specific requirements of the
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application. For example, if the application requires
high speeds, then an integral motor spindle would be
a good choice. However, if the application requires
more power and durability, then a separate motor
spindle would be a better choice (Figure 3). The motor
spindle is mouted on a cover support which is shown
in Figure 4.

Figure 3: The Nakanishi NR50-5100 ATC spindle

We have the formula to calculate Cutting Speed (vc):

T XD, xn
1000

Ve: Cutting Speed (m/min)

=314

D,: Cutter Diameter (mm), D, = 10 mm

n: Spindle Speed (rpm), n = 24000 rpm
Finally, we have the maximum cutting speed is:
v = BX S 1?06024000 ~ 754 (mm/min)

Figure 4: Preliminary design of the Spindle Cover
Support

Electric motors are more efficient, lighter, and
cheaper than internal combustion engines. They can
also provide rapid and consistent torque at any speed,
run on renewable energy, and emit no carbon into
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the atmosphere. These benefits make electric motors
a versatile and efficient way to convert electrical en-
ergy into mechanical energy. They are used in a wide
variety of applications and are becoming increasingly
popular to reduce emissions and improve efficiency.
Stepper motors (Figure 5) were used in this machine
with their chracteristics in Table 1.

Table 1: Motor characteristics

Type TH Geared Type
Shaft type Single Shaft
Maximum Holding Torque 1.25 Nm

Gear Ratio 3:6

Resolution Setting 1000 P/R  0.10/Pulse
Power Supply Input Voltage  24VDC

Power Supply Input Current ~ 3.7A

Frame Size 60 mm

Speed Range 0~500 r/min

Figure 5: A VEXTA stepper motor

The height of the Z-axis is 770mm, and to ensure
many safe factors, choose the linear guide with model
TBI TRS-V with the height is 25mm and the rail
length is 460 mm which is described in Figure 6.

Figure 6: TBI TRS-V linearguides

Ball screws are a type of mechanical device that con-
verts rotary motion into linear motion which is de-
scried in Table 22 and Table 3. They are more efficient
than traditional sliding screws, requiring one-third or
less driving torque. This makes them ideal for appli-
cations where power consumption is a concern.

The workable dimension of a ball crew drive is about
450 mm, choose the rolled ball screw lineup with the
characteristics:

Table 2: The Z-axis ball crew drive characteristics

Type Existing product compact
nut accuracy grade C7

Standard type THK

Shaft diameter 20 mm

Lead 10

Shaft length 450 mm

Young’s modulus 2.06 x 105 N/mm?

Coefhicient 1

Safety calculation:

Allowable axial load (P):
d4

2
_ nm°El
P ="p 2

o0 =m
Where:
(P): Allowable axial load (N)
I: Distance between points of buckling load (mm), (I
=450 mm) E: Young’s Modulus (2.06 x 10°N/mm?)
I: Min. Geometrical Moment of inertia of across root
area (mm®*)
1= Z&a*
d: Thread root diameter (mm), (d = 20 mm) n: Coef-
ficient of the ball crew drive, n = 1 o Safety factor =
0.5
The allowable axial loa(;i_

Ix 72 x2.06x10% x — x20*

(P) = — x 0.5 =3900 (N)
Compared the allowable axial load (P) to Z-axis table
load, the (P) > P (3900N > 600N) —> The safety con-
dition is accepted.

RESULTS

We successfully completed the thesis on designing
and manufacturing a 5-axis CNC milling machine.
We researched the principles of the machine, found
the needed components, analyzed the equipment,
used 3D design software to build models, set up
the control system, manufactured the machine, and
found places to buy embryos to test the machine.
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Table 3: The X, Y-axis ball crew drive characteristics evaluations of the machine can be conducted system-
Type Existing product compact atically and dependably. These outcomes lay a solid
nut accuracy grade C7 foundation for subsequent research focused on op-
timizing machining performance, precision, and the
Standard type THK L, o . . .
machine’s applicability in industries requiring high
Shaft diameter 12 mm complexity.
Lead 4
Shaft length 350 mm % \
Young’s modulus 2.06 x 105 N/mm? : "“ 2
Coefficient 1

Figure 7: The 5-axisCNC milling machine

CONCLUSION AND DISCUSSION

In this study, we successfully designed and manu-
factured a 5-axis CNC milling machine (Figure 7). LIST OF ACRONYMS

The project involved researching the machine’s prin-  CNC - Computer Numerical Control
ciples, sourcing components, analyzing equipment, ~CAD - Computer-Aided Design
developing 3D models, setting up the control system, CAM - Computer-Aided Manufacturing
and manufacturing the machine. We also identified = RPM - Revolutions Per Minute

sources for materials to test the machine. ATC - Automatic Tool Changer
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The successful design and manufacturing of the 5-axis
CNC milling machine in this study not only demon-

cal principles but also opens up several important av-

the development of 3D models proved instrumental
in visualizing and optimizing the design before mov-

fective integration between hardware and software,

sources for testing ensures that future performance
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TOM TAT

Su ra doi clia cong nghé da dan dén nhu cau ngay cang tang vé cac loai méy tu dong héa nho
gon. Trudc day, may moc cong kénh va hang nang 1a chudn muc phd bién. Tuy nhién, nhiing
cb may nay thuong khéng kha thi déi vai cac doanh nghiép nhod hodc céc cong ty khai nghiép vi
chuing c6 chi phi cao khi mua, bdo tri va van hanh. Ching cling khéng cé tinh di dong, khién viéc
di chuyén chung tur dia diém nay sang dia diém khac rat kho khan. Trong nhimng nam gan day, da
€6 su chuyén dich sang cac loai may nhd gon va di dong hon. Nhiing c6 may nay van c6 kha nang
thuc hién cac tac vu gia cong phuc tap, nhung ching nhé hon va dé st dung hon rat nhiéu. Biéu
nay khién ching trg nén ly tuéng cho cac doanh nghiép nhé va céng ty khai nghiép, ciing nhu
dé str dung tai gia. Mot trong nhing lgi ich quan trong nhat ctia méay CNC nhd gon chi phi thap.
Nhimg may nay thuong ré hon nhiéu so véi cac may Ién truyén théng. Biéu nay khién ching trg
thanh moét lua chon kha thi hon cho cac doanh nghiép nhé va cong ty khéi nghiép, nhiing naoi cé
thé khéng co ngan sach cho maét cd may I6n va dét tién. Mot Igi ich khéac ctia méay moc nhé gon la
tinh di déng clia ching. Nhimg may nay thudng di nhd dé co thé van chuyén dé dang. Diéu nay
khién ching tré nén ly tudng cho cac doanh doanh nghiép can di chuyén may moc tir dia diém
nay sang dia diém khac. N6 cting khién ching tré thanh mot lua chon tét cho viéc st dung tai gia,
vi chiing c6 thé dugc cat gitr dé dang trong nha xe hodc xudng lam viéc. Ngoai viéc c6 gia ca phai
chang va di déng, may méc nhé gon cling thudng rat da nang. Nhimg may nay thudng co thé
dugc st dung cho nhiéu tac vu gia cong khéac nhau, diéu nay khién ching tré thanh mot khoan
dau tu t6t cho cac doanh nghiép can kha nang xUr Iy nhiéu du éan da dang. Nhin chung, may CNC
nho gon mang lai nhiéu uu diém so véi méay CNC Ién truyén théng. Chung cé gid c& phai chang
hon, di ddng hon va da néng hon. Biéu nay khién chiing tré thanh mot lua chon tét cho cac doanh
nghiép nho, cong ty khai nghiép va ngusi dung gia dinh.

Tuwkhoa: CNC, may mac, tu dong hda, ché tao, gia cong, nhd gon

Trich dan bai bao nay: Hai Dang N. Nghién citu thiét ké va ché tao may phay CNC 5 truc. Sci. Tech. Dev.
J.-Eng. Tech. 2025; 8(4):2689-2693.
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