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TOM TAT

May phay CNC 4 truc dwoc ché tao nham ndng cao chdt lwong gia céng va toi wu héa khéng
gian lam viéc véi kich thuéce t6i da 300 x 300 x 80 mm. Mdy phay CNC 4 truc dwoc phdt trién
dé phuc vu nhu cau gia céng chi tiét c6 @ phire tap cao, yéu cau do chinh xdc l6n, phit hop véi
cdc nganh cong nghiép ché tao khuén mau, san xudt linh kién co khi chinh xdc. Nghién ciru bao
gom cdc giai doan chinh: thiét ké cdu hinh co khi, hé thong truyén dong, hé thong diéu khién va
phan mém diéu khién CNC. Hé thong truyén déng sir dung cdc dong co servo két hop véi vitme
dai 6¢ bi nham dat dwoc dé chinh xdc cao. Bo diéu khién hé lhéng phcfn mém cai dit G-code,
cho phép vin hanh hoat dong va dé dang hiéu chinh cdc tham s6 gia céng. Sau khi ché tao va
thir nghiém, két qua cho thdy may hoat déng 6n dinh, dam bdo d chinh xdc trong giGi han cho
phép, dap ing yéu cau vé bé mdt phang, sai sé kich thiede va hiéu sudt hoat déng. Pady la tai liéu
khéng chi gép phan ndng cao hiéu qua g dung CNC trong san xudt co' khi nhung con la nén
tang cho viéc phdt trién cac dong may CNC nhé gon, t6i wu chi phi va phit hop véi cac doanh
nghiép viea va nho.

Tir khoa: May phay CNC 4 truc, Vit me dai bc bi, Bong co servo, Phan mém diéu khién CNC,
G-code

ABSTRACT

4-axis CNC milling machine aims to improve machining quality and optimize working space
with maximum size of 300 x 300 x 80 mm. 4-axis CNC milling machine is developed to serve the
needs of machining highly complex parts, requiring high precision, suitable for mold manufacturing
industries, manufacturing precision mechanical components. The research includes the main
stages: mechanical configuration design, transmission system, control system and CNC control
software. The transmission system uses servo motors combined with ball screws to achieve high
precision. The software system controller installs G-code, allowing operation and easy calibration
of machining parameters. After manufacturing and testing, the results showed that the machine
operated stably, ensuring accuracy within the allowable limits, meeting the requirements for
flat surface, dimensional error and operating performance. This document not only contributes
to improving the efficiency of CNC application in mechanical production but also serves as a
foundation for the development of compact, cost-optimized CNC machines suitable for small
and medium-sized businesses.

Keywords: 4 axis CNC milling machine, Ball screw, Servo motor, CNC control software, G-code.
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1. Dit van dé

Cong nghé CNC 4 truc mang lai nhiéu
loi thé so v6i hé 3 truc truyén théng, dac biét
trong gia cong chi tiét phic tap, yéu cau do
chinh xéc cao. Tuy nhién, may CNC cong
nghiép co6 gia thanh 16n, kho phu hop cho
muc dich dao tao. Do d6, viéc ché tao mé
hinh may phay CNC 4 truc véi gia thanh
hop 1y, d& st dung, d& 1ap rap va bao tri la
cap thiét.

Tai Truong Pai hoc Ciru Long, nghién
ctru nay nhim ché tao mé hinh CNC 4
truc dé:

Khoa hoc Ky thudt — Cong nghé
- Phuc vu giang day CAD/CAM-CNC.
- Thuc hanh 13p trinh G-code truc tiép.

- Trung bay, quang ba cong ngh¢ trong
cac su kién, trién 1am.

2. Phuong an thiét ké may phay CNC
4 truc

Trén co s& phan tich nguyén ly hoat
dong may phay CNC 4 truc, tham khao cac
loai may phay CNC hién c6 trén thi truong,
chung t6i da dua ra hai phuong an thiét ké
may phay CNC 4 tryc.

Bang 1: So sanh uu va nhugc diém gitra cac phuong an thiét ké

DPong co

Bé truyén

Phwong an

Uu va nhuge diém

dan dong

bong co

Phuong an 1
servor

oc bi

Truc vit me dai

Uu diém cua két ciu nay: Két cdu trong ddi don
gian, do clng viing cao, cong ddng mi ngudn
m& 16n. Trong két cau nay thi trong luong ctia
truc chinh chi tdc dong 1én truc Z, khong tac
dong 1én cac truc con lai nén do chinh xac gia
cong theo phuong Z dé dam bao.

Nhuoc diém: Viée ¢b dinh va tao su cing viing
cta truc Z can dugc tinh toan ky vi vi tri dat
dong co chinh so véi khung truc Z tuong tu nhu
két cau dam console (cong x6n). Néu khung
lap truc chinh bi bién dang thi dé din dén sai
s6 gia cong cho chi tiét.

bong co

Phuong én 2
wong an bude

¢ thuong

Truc vit me dai

Uu diém: két cAu may khong qua phirc tap,
cac hé thong diéu khién kha pho bién trén thi
truong.

Nhuoc diém cta phuong an nay: Vi co cau
cua truc Z dugc bit cung trén co cAu cua truc
X nén s€ gap kho khan trong viéc tang khong
gian gia cong theo phwong Z, tirc chiéu cao clia
vét thé gia cong sé bi gidi han so v&i phuong
an 1. Trong luong cua cum tryc Z cé thé gay
ra d§ vong cua truc X néu két ciu cua truc X
khong cting viing.

Tu nhitng phuong an thiét ké trén
chung t6i quyét dinh chon phuong an
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hién co.
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Hinh 1. So d6 két cau cua phuong an thiét ké

3. Mo hinh héa cic chi tiét ciia may
phay CNC 4 truc va Hé thong diéu khién
may phay CNC 4 truc

3.1. M6 hinh héa céc chi tiét ciia may
phay CNC 4 truc

Mo hinh hoa cac chi tiét 3D bang phan
mém Autodesk Inventor Professional 2025

Hinh 2. Thanh va con truot dan huéng trén
cac truc
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Hinh 3. B6 truyén truc vit me — dai 6¢ bi

Hinh 7. Lip ghép truc A
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Hinh 10. Lfip rap 3 truc X, Y, A

Hinh 14. May phay CNC 4 tryc lap rap
hoan chinh

Ban v& chi tiét khi xuat ban vé tur
phan mém Autodesk Inventor Professional
Hinh 11. Lap rap cum tryc chinh 2025:
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Ban v& lap khi xuat ban vé& tir phan mém Autodesk Inventor Professional 2025:

520

12 Goi g sautrutwit | 1 Thép
11 Khdp ndi mém 1 Nham
10 Béng co digu khign 1
fruc X
El 56i 45 dau but vit 1 Nhém
8 Trut vitme i Thép
Fi Bai 6 bi 1 Thép
[ Con trugt 4 Nham
5 Thanh truct dan hudng| 2 Nhdm
4 Tam chan sau 1 Thép Bm
3 Tamchdnlapdéngco| 1 Thép tam
2 Thenh nhém Ginh hinh | 2 Nhém
1 DE cum tuc X 1 Thép tam
STT| Ky higu Tén goi SL| vatligu Ghi chii
Lura 2 Khi 13p rép cac thanh trugt din husing, cum truc vitme vdi khung, d& (cum buc Ngudi v& | Nzb I"‘”‘l\'b"!‘!"l g CUM TRUC X
X) phai dam bao da song song va dd wudng gdc khdng qua 0.02mm [P | | + g
TRUONG DAI HOC QUL LONG [k 12s
KHO® KY THUAT CONG NGHE | R
\
Hinh 21. Cum truc X
12 Khdp nGi mem i hhém
1 Bai & bi 1 Thép
10 Goi dd dau trutwit | 1 Thép
- Bong oo digu khien
9 i
frucy
E L3 1 8 Trut vitme 1 Thép
e 1 7 Con trugt 4 Khém
/ Thanh bt dan 4
/ [ it 2 Nhom
/ ; hutng
/ 5 Gai 38 sau trut vit 1 Thep
4 Tam chan sau i | Théptim
3 Tam chénl3pdongca| 1 Thép tBm
2 Thanh nhdm diinh hinh| 2 Nhém
T BE may 1 Thep Bm
Lutt §: Khi I2p rép cc thanh trugt din hutng, cum truc vitme véi khung, 88 may phai s e e -
e B iy s i e 3 g % kfﬁr;g Qe 0.02mm X STT| Ky higu Tén goi SL wat ligu Ghi chi
Nguii vé | Ngd Hodi Nhiém|
| ! CUM TRUC Y
Em e |
TRUGNG BAI HOC CUL LONG b
KHOA KY THUAT CONG NGHE

Hinh 22. Cum truc Y
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Hinh 24. Cym truc A — Ban may
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S| ik | men

5]
pectsziand MO HinH
) MAY PHAY CNC 4 TRYC

Hinh 25. Ban v& lip may phay CNC 4 truc

3.2 H¢ thong diéu khién may phay
CNC 4 truc

Trong thyc té c6 rat nhidu phin mém co
thé diéu khién cho may phay CNC nhu phan
mém: Fanuc, NCstudio, Mach3... Tac gia
chon phan mém diéu khién may la Mach3
vi chirc nang cua nd da dang, giao di¢n dep,

d& khai bao céc thong sd ctia hé thong va dé
su dung. Lap trinh theo huéng md rong lién
két voi cac Script VB. Cho phép truc tiép
nhép cac file dxf, bmp va jpg thong qua phan
mém LazyCam, Visual Geode hién thi. M6
phong qua trinh lam viéc rat rd rang va tiét
kiém duogc chi phi dang ké khi ché tao may.

5 .

@&l

File@:fc MachaGCodevardrunnar tap

]

Edin G Cade
Recant File

Load Wizards | Last Wizard

Toc dj cic
trucX,Y,Z...

Toe dé truc
chinh - Spindle

Hinh 26. Giao dién trang man hinh khi dung Mach3 diéu khién may phay CNC 4 truc
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4. Két qua va thao luan
4.1 Két qua tinh toan thiét ké va ché tao
Két qua tinh toan ciia may:

bé xac dinh cac thong so co ban, nhom
st dung cong thuce tinh nhu sau:

Ché dé cit cuc dai:

Pé xac dinh so bd cac thong sbt,s,v
gi61 han dung cong thirc thuc nghiém

3
tma.r ol ‘u"l mox
Voi C = 0,75 (d6i véi thép), 1a

duong kinh dao
2 tmax = 0,75°v3 = 0,73 mm
min=0712+1/4) nax= (1/2+1/4)0,73

= (0,365 +0,1825)

= chon =0,2

S mae=1/3+1/7)
=(0,24 +0,1)

= Smax = 0,2

Smin=(1/5+1/10) Sp;4x = (1/5+1/10)0,2
= (0,04 ~0,02)

= Smin = 0,03

Xac dinh toc d cit:

po G
TMtXsYBUZP
Trong do:

= (1/3+1/7)0,73

,m,x,y,u,p,q:Hésécécsémﬁ
T: chu ky bén cua dao
St dung dao phay ngén bang thép P18
c¢6: Puong kinh dao D = 3 mm, bé rong vét
cit B=D = 3mm, s0 ring ctia dao Z =4 ring
Dua vao cac thong sd di chon: Sz= 0,06
mm/rang, t = 0,7 mm
Tra bang 5.39 s6 tay Cong nghé ché tao
may tap 2, trong do: Cv = 46.7, q = 0,45,
x=0,5y=0,5u=0,1,p=0,1,m=0,33,

Khoa hoc Ky thugt — Cong nghé
chu ki bén dao T = 45 (ph)

: Hé s0 diéu chinh, xac dinh theo cong

thtre sau: .
750 e
i (E)

Kn=1, =09,
5.1va5.4-[5])

=750 Mpa (Bang

?50)”’9

K, = 1(—
" 750

Thay tat ca vao cong thirc tinh van toc
ta co:
a 46,7.304°
iig 450380 7080 g0 80,1401

1 = 58(mm/ph)

Viy ta c6 sd vong quay cua dong co:
1000.V
D

n=
Trong do:
V: Vén tdc, n: S6 vong quay dong co, D:
duong kinh dao
Viy sb vong quay:
1000.58

n= 3143 = 06157 (Vong/phit)

Luc cit P (N)
, _ 10C,t"S"B"Z
A DAn%W
Trong do:
Cp =682, x=0,86,y=0,72, u =1,

KMP

q=0,73,w=0, =1 (Bang 5.41-[5])
Khi d6:
10.68,2.0,3%86 0,06272.31 4
P = 7 0 .1=873(N)

Céc thanh phan luc khi phay
Luc chay dao ngang:

=0,25. =0,25.873=218 (N)
Luc chay dao thing ding:

=095 =0,95.873=829 (N)
Luc chay dao hudng kinh:

=0,35 =0,35.873=305(N)
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Luc chay dao hudng truc:
=0,52 =0,52.873=453(N)

Luc chay dao xac dinh theo cong thirc
kinh nghiém sau:

Q=k +u( +2 +G)
Trong do:
k= 1,4 hé sd tang luc ma sat

= 0,2 hé s6 ma sat thu gon trén song
truot

Q= 1,4. 453 +0,2.(873 + 2.305 + 200)
=970 (N)

Tinh cong suit dong co truc chinh

Trén co s6& P va V da xac dinh & trén,

Hinh 28. Khép ndi va Goi &
ta co cong sudt cat

PzV 873.58
" 1020.60 1020.60

= 0.827 (kW)

Thong thuong cong sudt cit chiém
khoang (70% - 80%) cong suét clia dong
co. Mot cach gan dung, ta c6 cong suit cua
dong co xac dinh nhu sau:

Vé6i 1= 0,995'. 0,97°. 0,96 = 0,83
= N, =0,997 (kW)

Chon cong suét dong co voi N = 1,5
(kW), V =10000 (v/ph)

Dé tiét kiém chi phi chiing t6i lya chon
dong co LD63ZL.

Két qua ché tao chi tiét ciia may:

s e

Hinh 30. B0 truc xoay phoi CNC (Truc A)

Hinh 27. Bé may phay
20 | S 40 nam 2025
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- 2 )

| dRIVGRS !\ & CO 2 BUC TR TAUC DAN TS

RUVONES DAL ¢

Hinh 34. M6t s6 san pham phay trén mica Hinh 35. San pham phay trén nhom
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4.2 Thao luan

Qua qua trinh khao nghiém, nhom nghién
clru rat ra mot s6 nhan xét:

- Hé thong truyén dong:

+ Vit me — dai dc bi két hop ray truot
tuyén tinh gitip chuyén dong mugt ma, giam
dod ro trong qua trinh gia cong.

+ O tde do cao, dong co tryc chinh phat
ra tiéng on, can giai phap giam chén.

- Hé thong diéu khién: Phin mém Mach3/
LinuxCNC hd tro thiét 1ap quy trinh gia cong
thuén tién, d& diéu chinh tham so.

Khoa hoc Ky thuqt — Cong nghé

- Hiéu sut va ang dung:

+ Thoi gian gia cong dugc rut ngin so
v6oi may 3 truc.

+ May c6 thé gia cong linh kién co khi
chinh xac, ché tao mau va diéu khac trén vat
liéu go, nhya, mica, tham chi kim loai mém.

+ Can cai thién hé thong 1am mat d¢é tang
tudi tho dao cat va do bén cua may.

+ Do min va d6 sic nét cua san phém
phu thudc truc tiép vao toc do truc chinh va
toc do di chuyén cac tryc.

Thong sb k¥ thuat cia may phay CNC
4 truc:

Thong sb Gia tri

Khung may

Khung thép, mat ban nhom dtc, tu dién

Kho lam vigc

300 x 300 x 80 mm

Truyén dong truc XYZ

Vit me — dai dc bi

bong co truc chinh

1.5 kW

Tbc do dich chuyén

24.000 mm/min; bude tién 0,02 mm

Do day vat liéu gia cong

<40 mm

Hé thong diéu khién Mach3 (4 axis)
Ngudn cip 220V/50-60 Hz AC
Nhiét 6 1am viéc 0—45°C

Do am 30— 70%
Trong luong ~100 kg

5. Két luan va Kién nghi

5.1. Két luan

- Sau hon 9 thang nghién ctru, véi sy hd
trg ctia phan mém Autodesk Inventor 2020
(education version), nhoém d thiét ké va ché
tao thanh cong mo hinh may phay CNC 4
truc. Két qua khao nghiém cho théy:

- May hoat dong on dinh, van hanh ém
ai, do chinh x4c cao, phu hop giang day va
nghién curu.

- C6 kha ning gia coéng nhiéu loai san
pham phirc tap, dap ing nhu cau san xuat
co khi chinh xac.

22 | Sé 40 nam 2025

- Kich thudc nho gon, dé lap rap, gia
thanh ché tao thap (~27 triéu dong).

- May c6 day du chirc ning co ban cia
mot may phay CNC tiéu chuan, gop phan tict
kiém thoi gian, nhan cong va chi phi san xuat.

Hiéu qua kinh té va k¥ thuat rd rét: ting
nang suat, giam chi phi ch¢ tao, tao co héi
ung dung rong rai tai cac xudng co khi vira
va nhd.

5.2. Kién nghi

Dé nang cao hi¢u qua va mé rong kha
nang ung dung, nhom nghién cou dé xuat:
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- T6i wu hé thdng truyén dong va giam
chan, dam bao chat lugong gia cong & toc
do cao.

- Nang cip hé thong 1am mét va boi tron
nham kéo dai tuoi tho dao cat.

- Phat trién phan mém diéu khién hd tro
nhiéu loai ma G-code va vat li¢u gia cong.

- Tiép tuc nghién ctru cac phién ban nang
cép nhu CNC 5 truc hoac CNC tich hop tu
dong hoa, phuc vu san xuat cong nghiép.
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