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Méy CNC dung trong san xuat c6 thé tu dong gia cong v6i do on dinh, chinh xac cao va linh hoat khi

thay doi san pham dap Gmgyé€u cau cao vé nang suat va chat lugng san pham trong san xuat hién dai.

Nén ngay cang duoc ing dung rong rii trong san xuat ¢ nhiéu linh vuc. May phay CNC mini 1a dong

méay CNC c¢& nho, ding khic nhimg vat kich thudc nhé nhu d6 trang sire, d6 luu niém. .. Trong bai bao

nay, tac gia trinh bay mot sékét qua cua viée nghién ciruthiét ké, ché taova chay thir may phay CNC

mini 4 trucstr dung chuong trinh Mach3. Két qua méay hoat dong tot trén rat nhiéu vat liéu nhu gd, mica,

nhya, mach in... My ¢6 thé img dung trong san xuét hay dao tao 1ap trinh, van hanh may phay CNC.

Tir khéa: Ché tao, CNC, may phay, Mach3, tu dong gia cong, thiét ké.
RESEARCH ON DESIGNING AND MANUFACTURING 4-AXIS MINI CNC MILLING
MACHINE USING MACH3 SOFTWARE

ABSTRACT

CNC machines used in manufacturing can automatically process with high stability, accuracy and

flexiblity when changing products to meet high requirements of productivity and product quality

in modern production. Therefore, it is increasingly being widely applied in manufacturing in many

fields. Mini CNC milling machine is a small series of CNC machines which are used to engrave small

objects such as jewelry, souvenirs, etc. In this paper, the author presents some results of the research

on designing, manufacturing and testing the 4-axis mini CNC milling machine using Mach3 software.

The machine works well on a variety of materials such as wood, mica, plastic, printed circuits, etc. The

machine can be used in manufacturing or programming training, and operating CNC milling machines.

Keywords:Manufacturing, CNC, milling machines, Mach3, automatic processing, design.

1. PAT VAN PE

Maéy CNC (computer numerical control)
la mot dang may cong nghié¢p. Hoat dong
theo nguyén Iy diéu khién ty dong c6 sy trg
giup cua may tinh, trong do cac bd phan tu
dong duoc 1ap trinh dé hoat dong theo cac
su kién tiép ndi nhau véi tée d6 duge xéc
dinh trude dé c6 thé tao ra mau vat véi hinh
dang va kich thudc yéu cau [1].
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May CNC c6 ning suit cit got cao
va giam dugc t6i da thoi gian phy, do
murc d0 tu dong dugc nang cao [2]. Tuy
theo muc do tu dong, may CNC co thé
thuc hién cuing mot lac nhiéu chuyén dong
khac nhau, c6 thé thay dao tu dong, hiéu
chinh sai sb, tu dong kiém tra kich thudc
chi tiét va qua d6 tu dong hiéu chinh sai
léch vi tri twong dbi giita dao va chi tiét.



Kha ning thay d6i dang san pham ché tao
khi ding may CNC nhanh vi chi can thay
d6i chuong trinh diéu khién ma khong
can thay doi cau trac may hodc thém
cac do ga chuyén dung [3].

Ngiy nay may CNC dang dan thay thé
cac may gia cong truyén thong va dong vai

Gia thanh nhap ngoai cac may CNC
3 truc, 4 tryc van rat cao, hon nita khi may
¢6 su c6 thi viée thay thé, hiéu chinh kha
phtre tap, ton kém. Vi nguoi dung ca nhan
hoic cac co sé san xuit gia cong nho, co s&
dao tao 1ap trinh va van hanh may CNC
nhu cac truong dai hoc, cao déng, trung
hoc chuyén nghiép... thi can t6i uu chi
phi khi dau tw may. Boi vay viéc nghién

tro khong thé thiéu trong hoat dong san
Xuét v6i rat nhiéu ching loai, kich thuéc
khac nhau. Mady CNC dugc Uing dung
trong gia cong co khi, diéu khic tranh gd,
khéc hoa tiét, hoa van trén cac san phém
qua tang... Cac san pham tir may CNC
mang tinh thAm m§ cao, chat luong tdt.

Hinh 1. Sian phim bang d4, gb sau khi dwgc khic trén may CNC

(Nguodn: Internet)
ctru thiét ké, ché tao may phay CNC mini
3 truc, 4 truc hoat dong hiéu qua, gia thanh
thip c6 thé phuc vu nhitng yéu ciu néu trén
1a can thiét, giap t6i wu chi phi, chu dong
hon trong viéc ché tao, st dung may.

Trong bai bao nay tac gia trinh bay két
qua nghién ctru thiét ké va ché tao may
phay CNC mini 4 truc.

Hinh 2. M4y CNC mini 3 truc, 4 truc [6]
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2. THIET KE KET CAU MAY CNC
MINI 4 TRUC

2.1. Nguyén ly hoat djng ctia may
Nguyén li hoat dong cua may CNC 4

truc nhu hinh 3. May co clu tao gém mot

truc chinh ¢o téc do quay cao duoc gin

dung cu cit nhu dao: phay, khoan, khoét.
Khi lam viéc truc chinh s& tinh tién theo
truc Z, phdi duge ga cb dinh trén ban may
va tinh tién theo truc X, Y két hop véi truc
Z dé tao hinh san phém. Truc A c6 kha
nang gilt va quay tron phoi khi gia cong
bé mit tru tron.

Hinh 3. So d6 nguyén 1y may phay CNC mini 4 truc [2]

2.2. Thiét ké dong hoc cho may

Trén co s¢ tim hi€u va so sanh céc phuong

-

an may CNC 4 tryc. Téc gia xac dinh phuong
an thiét ké dong hoc nhu hinh 4.
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Hinh 4. So' @6 dong hoc clia may phay CNC mini 4 truc thiét ké
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May CNC mini 4 truc thiét ké s& co
céu tao gdm mot ban g sin phélm, mot
truc chinh (spindle) quay & toc d6 cao gin
céc loai dao cu dé thuc hién gia cong, hanh
trinh dao 1én Xuéng duoc thuc hién bdi
cum truc Z, cac cum truc X, Y thuc hién
chuyén dong tinh tién, truc A quay tron dé
gia cong theo bién dang. Khi cap dién
cho cac dong co gin vao cac truc va thong
qua bo truyén vitme tryc Y s& di chuyén
kéo theo truc X va Z di chuyén theo. Pong
co gén vao truc X khi duogc khoi dong sé
dan dong kéo cho Z di chuyén dén mot
vi tri xac dinh. Khi dong co gén trén truc

1 2 3

Z dugc khoi dong sé kéo theo sy dich
chuyén 1én xudng ctia dong co truc chinh
(spindle) gan dao cu gia cong tao ra chicu
sdu cat nhat dinh. Pong co & cum truc A
khi hoat dong s& lam cho phoi quay tron
va tao nén nhitng duong cét 4D.

2.3. Thiét ké cum truc Z

Két cAu cum truc Z nhu hinh 5, c6
chtrc ning dwa dung cu cit tinh tién theo
truc Z trong qua trinh gia cong. Hanh trinh
truc Z la 80mm, bao gém: hai tim d& trén
va dudi dé lap thanh din hudng va vit me
cho truc Z.

1 - Tam 16t

2 - bong co bude
3-0ds truc

4 - Gid kep dong co phay
5 - Tdm d&

6 - TAm dan dong co phay
7 - Truc vit me

8 - Truc dan hudng

9 - Tdm dan cum truc Z
10-0 truot

11- Ods truc vit me

b

Hinh 5. Két cau cum truc Z

2.3. Thiét ké cum truc X

Két cAu cum truc X nhu hinh 6 c6 churc
nang diéu khién ban may tinh tién theo
truc X. Hanh trinh truc X la 300mm.
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1 - Bong co dan dong truc X
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2 - Khép néi truc 5-0ds truc vit me
3 - Truc Vi~t me 6-0ds truc dan huéng
4 - Truc dan huéng 7 - Véach bén may

Hinh 6. Két cau cum truc X (nguon: Tdc gid)

2.4. Thiét ké cum truc'Y chitc nang diéu khién ban may tinh tién
Két cAu cum truc Y nhu hinh 7, c6  theo truc Y. Hanh trinh truc Y 1a 400mm.

2
1 - Bong co dan dong truc Y
2 - T4m ty dong co

3 - Tam d& canh bén ban may %
4 - Ban may /

5- O do truc

6 - Truc dan huéng
7 - Truc vit me

8 - O dan huéng

1
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Hinh 7. Két cAu cum truc Y

2.4. Thiét ké cum truc A ning tao chuyén dong quay tron khi may
Két cau cum truc A nhu hinh 8. Cyum ~ gia cong cdc chi tict dang try.
truc A dugce lap trén ban may, cé chuc
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1 - Truc

2 - Cum 6 bi

3 - T4m d€ 4o

4 - Mam cap chi tiét
5 - Banh dan

6 - Bong co buéc

7 - Banh bi dan

8 - Dai rang

Hinh 8. Két ciu cum truc A

2.5. Két cAu may phay CNC mini 4 truc

Trén co s d3 lua chon, thiét ké két ciu cac cum truc X, Y, Z va A tac gia xay dung
duoc ban ve€ két cau toan may phay CNC mini 4 truc nhu hinh 9.

i
W
19/ 18 1716
%o o176 s o—7% | l—Thﬁnméy 13—B51nméy
2 - Truc dan cum truc Y 14 - b€ may
3 - O kep truc din 15 - Tryc dan hudng
4 - Dong o budc 16 - Truc vit me cum truc Y
5. Kﬁép néi 17 - Vit c6 dinh tdm ban may
L i 6 - Trucvit me cum truc Z 18 - ll/lém cap
| 7 - Truc dan cum truc Z 19 - O do truc A
= ] 8 - Con truot 20 - bé ga
9 - Truc vit me cum truc X 21 - Banh dan
10- 0 d truc 22 - "l:ruc A
11 - U g4 dong co phay 23 - O bi d&
I M 12 - Bong co phay
’:‘:‘!'_‘ ¢llo ¢l é_ ﬂl

Hinh 9. Két ciu may phay CNC mini 4 truc
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3. HE THONG PIEU KHIEN MAY
PHAY CNC MINI 4 TRUC

3.1. Lwra chon phin mém diéu khién cho may

Trong thyc té c6 rat nhiéu phan mém
c6 thé diéu khién cho may phay CNC nhu
phan mém: Fanuc, NCstudio, Mach3...
Tac gia chon phin mém diéu khién may 1a
Mach3 vi chirc nang cua n6 da dang, giao
dién dep, dé khai bao cac thong sb cua

sy Fyngion Cly's. Ve Wiasis Opissies Pioyin {astesl Bialy i Boiing

Veogrues B AR Y| MOUAKE | Teoll'wh |

hé thong va d& st dung. Lap trinh theo
huéng mé rong lién két voi cac Script VB.
Cho phép tryuc tiép nhap khau DXF, BMP,
JPG, va céac file HPGL qua LazyCam,
Visual Geode hién thi; Import truc tiép cac
file dxf, bmp va jpg thong qua phan mém
LazyCam theo [4]. M6 phdng qua trinh
1am viéc rat rd rang va tiét kiém dugc chi
phi dang ké khi ché tao may.

o
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Hinh 10. Giao dién trang man hinh khi ding Mach3 diéu khién may

Theo [5] phan mém d6 diéu khién theo
dang vong ho nén khi ung dung Mach3
diéu khién cho méay phay CNC mini 4 truc

- Bong co

(Nguon: Tac gid)

tac gia phai thiét ké theo dang vong ho dé
thuan loi khi thiét 1ap hoat dong ctia may.

Ban may

Truyén déng

budc

FEEFFFRVFl
co khi

Hinh 11. Piéu khién dang vong hé [4]

3.2. So' do cau truc dieu kién cua may

So d6 ciu tric diéu khién ctia may nhu
hinh v€ 12. Trong do6:

- Phan mém Mach3 va may tinh: C6
vai tro nhu by diéu khien CNC, diéu
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khién toan hé théng. Mach CNC BOB
MACH3 USB V2.0 st dung duogc voi
phan mém Mach3 trén may tinh thong qua
giao tiép USB véi chi mot vai bude thiét
lap don gian.



- Cong tac hanh trinh: Gidi han hanh
trinh cho cic ban mdy nham ngan ngtra
ban may va cham véi cac goi do.

- bong co budc va driver dong co
budc: Dan dong cac ban may dé hinh
thanh chuyén dong cta dau gia cong.

May Tinh
T ESTOP
BOB Mach3 L
USB V2.2 X+
I — = ]
. . . X X- -
Driver Driver Driver Driver
X Y z A
\—J/ \—J/ Y++
Y--
Step Step Step Step
Motor Motor Motor Motor
X Y z A
At++
Home Limit Home Limit Home Limit A--
L % 1 lL i

Hinh 12. So' d6 céu tric diéu khién cia may

nguyén ciia USB, céc chan am con lai dau
tuong tmg vao BOB mach3. Drive sur dung
ngudn 24V. Cac cong tic hanh trinh ciia cac
truc duoc ndi chung va vao timg chan tuong
ung trén mach3: IN1, IN2, INS.

3.3. So 40 mach diéu kién cia may

So d6 mach diéu khién ctia may nhu hinh
v& 13. Céc drive TB6600 diéu khién dong co
budc duge dau duong chung dé do ton tai

. Bat dong co phay Drive Spindle
0o Diéu khién t6c do Gom
dong co phay +———— PWM Motort
. = PWM- Motor-
g I v
48V -T5A o | i
iij|
Drive TB6600
— BN
L +—d N+
s DIR- B
UV-I5A o) {d DR+ B
124V = PUL- A
UsB t—d PULs v
I
vee .
22V pwms pwm o frex
i—d GND "~ GND
N Drive TB6600
o PN
XD
xp I [D:'I; B.
ol EN o o
MACH3 I 1"t dome s StepM
™ = v [ StepMotor
EN PUL+ At \
2y GND
e vee True Y
AD
P Drive TB6600
o ov
{ o Ene
Lt bR B
t— DR+ B
S eyl
—d PUL+ At
. GND
vee Truc Z
— Drive TB6600_
—5°3 S
o Ene
3 L—fdpr B
‘5 rfome StepMotor
55 -
e LU
{— 57 GND
53 vee Truc A
{5
5%

Hinh 13. So' d6 cAu tric diéu khién ciia may
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4. CHE TAO VA THU NGHIEM MAY

M4y phay CNC mini 4 truc duoc tién
hanh ché tao cac chi tiét, 1ap rap va cai
dat hoat dong tai xudng thuc hanh truong

Pai hoc Hai Phong. Két qua duoc may nhur
hinh 14. Qua mdét thoi gian st dung may
hoat dong tét, gia cong khic duoc chi tiét
dang phang, try tron.

......

Hinh 14. Phéi dwoc ga dit trén may dé gia cong

Bang 1: Thong s6 k¥ thuit ciia may

Dic tinh k§ thuit Théng s6
Kich thudc may 700 x 500 x 1200 mm
Kich thudc ban may 600 x 400 mm
Kich thu6c 16n nhét khi gia cong phoi tim | 400 x 300 x 80 mm
Puong kinh 16n nhét khi gia cong phdi try | 60 mm

Dong co truc chinh phay, khéc

Cong suét: 300(W)

Dong co lam mét bang khong khi
Dién ap lam viéc: 12VDC — 48VDC
Cong suét: 300W

Cuong d6 dong dién téi da: 6A

Téc d6 quay: 3000-12000 vong/ phut
Momen xoan: 0.4Nm

Do chinh xac: 0.01mm- 0.06mm

Pong co budc dan dong truc vit me

Kich thudc: 56x78 mm

Buéce goc: 1,80

Dién ap: 24 V

Momen xoédn: 3.5 Nm

Nhiét d6 hoat dong: 0°C dén 50°C

O chira dao

01

Kha nang gia cong

Phay, khéc bién dang 2D, 3D, 4D khic chit,
khoan, gia cong trén phoi dang tim phang, phoi
dang tron.
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Gia cong thir nghiém 3 mau nhya phip do theo phwong X, Y: may CNC 4 truc dat do

chinh xac 0,05 mm

5. KET LUAN

Tac gia da trinh bay mot s6 két qua
nghién ctru thiét ké va ché tao may phay
CNC mini 4 tryc. May da duoc ché tao va
chay thu dat két qua tot:

- May d& van hanh, thuan loi trong di
chuyén, d& bao tri va bao dudng

- Gia cong khéc duoc céac chi tiét hoa
van, hoa tiét, logo... trén cac vat liéu nhu
nhoém, kim loai mau, gd, nhua,...

- Gia cong dugc phoi dang phing,
dang try tron.

- C6 thé mg dung trong san xuat va
phuc vu tbt cho viée giang day hudng dan
1ap trinh, van hanh may CNC.
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