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TOM TAT

Bai bdo trinh bay quy trinh nghién ciru, thiét ké va ché tao hé thong mdy phay CNC tich
hop cong nghé in 3D FDM nham t6i wu héa khéng gian va chi phi cho cdc hoat déng dao tao va
ché tao méu nhanh. Nghién cuu tdp trung vao viéc tinh toan dong luc hoc dé xdc dinh cong sudt
dong co truc chinh, lya chon hé thé'ng truyén dong vit me bi va ray dan huong nham dam bdo do
chinh xdc chuyén déng. Cau triic khung mdy dwoc phan tich img sudt va dé bién dang bang phan
mém SAP2000 dé dam bao tinh 6n dinh dudi tdi trong thuc té. Piém tich hop cua nghién curu la viéc
phat trién hé thong diéu khién kép két hop giita board Mach3 cho CNC va Arduino Uno R3 chay
firmware Marlin cho in 3D, cho phép chuyén déi linh hoat giita hai chirc ndng gia cong cdt got va
sdn xudt boi ddp trén cing mét thiét bi. Két qua thir nghiém cho thdy mdy hoat déng on dinh, tao
ra san pham mau dat yéu cau vé o chinh xdc, khang dinh kha nang vmg dung cao trong linh viee
nghién ciru khoa hoc va san xudt.

Tw khoa: May phay CNC; In 3D FDM; Ché tao mau nhanh; Mach3; Arduino.

ABSTRACT

This paper presents the research, design, and fabrication of a CNC milling machine integrated
with FDM 3D printing technology to optimize space and investment costs for educational and
rapid prototyping purposes. The study focuses on dynamic calculations to determine spindle motor
power and the selection of ball screw drive systems and guide rails to ensure motion precision.
The machine frame structure's stress and deformation are analyzed using SAP2000 software to
ensure stability under actual working loads. The highlight of this research is the development of
a dual control system combining a Mach3 board for CNC functions and an Arduino Uno R3 with
Marlin firmware for 3D printing, enabling flexible switching between subtractive and additive
manufacturing technologies on a single device. Experimental results demonstrate stable operation
and high quality prototypes, confirming the system's potential for scientific research and production.

Keywords: CNC milling; FDM 3D printing, Rapid prototyping; Mach3; Arduino.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 340, thang 4 nim 2026 @3
cokhivietnam.vn



NGHIEN CUU - TRAO DOI

1. MO PAU

Trong bdi canh cudc cach mang cong
nghié¢p 4.0 dang dién ra manh mé&, nhu cu vé
cong nghé ché tao mau nhanh dong vai tro then
chét trong viéc rat ngan chu ky phat trién san
pham va tdi uvu hoa quy trinh san xuat [1]. Hién
nay, hai phuong phap ché tao phd bién nhat 1a
san xudt boi dap thong qua cong nghé in 3D
FDM va san xuét bang phuong phéap gia cong
cit got trén may CNC [2, 3]. Tuy nhién, cic
dong may trén thi truong thuong chi tap trung
vao mot chire nang don nhat, diéu nay doi hoi
ngudi str dung phai dau tu nhiéu thiét b riéng
biét, gdy tén kém chi phi dau tu ban dau ciing
nhu chiém dung dién tich van hanh dang ké [4].

Viéce tich hop cé hai chuce nang gia cong
CNC va in 3D trén cting mot hé thong thiét bi
khong ch1 1a mot giai phap tiét kiém khong glan
va nguon lyc ma con mo ra kha ning ché tao
céc chi tiét phirc tap bang cach két hop uu diém
vé do chinh x4c bé mit ciia CNC véi kha ning
tao hinh tu do cta in 3D [5]. Xudt phat tir thuc
tién d6, nghién ciru nay tap trung vao viéc thiét
ké va ché tao may phay CNC tich hop dau in
3D FDM véi kich thudc tong thé dy kién 14 660
x 660 x 1650 mm. D¢ dam bao tinh 6n dinh va
d6 ctmg viing trong qua trinh van hanh déng
thoi ca hai ché do, két cAu khung may duogc lya
chon theo dang khung tir cdc thanh nhom dinh
hinh chuyén dung.

Noi dung nghién ctru trinh bay chi tiét
quy trinh tinh toan dong luc hoc dé xac dinh lyc
cdt va cong suat dong co truc chinh lam co s&
lwa chon dong co phu hop, dong thoi sir dung
phan mém SAP2000 dé phan tich Gng suit va
dd bién dang cua két cAu dudi tac dong cua tai
trong thuc té. Bén canh do, hé théng truyén
dong duoc toi uru hoa théng qua viée tinh chon
vit me bi va ray dan hudéng nham dam bao do
chinh xac chuyén dong va giam thiéu mai mon.

Diém ndi bat ctiia nghién ctru la vi¢c phat trién hé
thong diéu khién kép, str dung board Mach3 cho
chirc nang CNC két hop véi board Arduino Uno
R3 nhung firmware Marlin cho chtrc nang in 3D,
cho phép chuyén dbi linh hoat giita hai cong nghé
trén cung mat thiét bi phuc vu hiéu qua cho muc
dich giao duc va nghién ctru khoa hoc.

2. TINH TOAN THIET KE
2.1. Lwa chon phuong an thiét ké

May duoc thiét ké voi muc tiéu tich hop
hai chirc nang gia cong CNC va in 3D FDM
trén cung mot hé théng, voi kich thuoc téng
thé du kién (660 x 660 x 1650) mm. Dé dap
g yéu cau vé d6 cling virng ciling nhu tinh 6n
dinh trong qua trinh van hanh, két cu khung
cua may duoc lya chon theo dang khung chir
R, duoc ché tao tir cac thanh nhém dinh hinh &
Hinh 1.

Hinh 1. May CNC dang Router

Sau khi dénh gia cac phuong an bd tri
két ciu, mo hinh cdu trac tong thé ctia may
duoc xay dung va thé hién qua so dd khéi. Hé
thdng chuyén dong cuia may goém ba truc vuong
goc voi nhau, mdi tryc duge truyén dong riéng
biét va diéu khién doc lap bang dong co budc.

2.2. Tinh toan chon dong co truc chinh

Dé dam bao kha niang gia cong ctia may,
viéc tinh chon dong co truc chinh dugc thuc
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hién dya trén qua trinh xac dinh luc cat va cong
sudt can thiét trong khi gia cong. Tir cac thong
) cong nghé va diéu kién lam viéc cua dung
cu cit, luc cat duge tinh toan 1am co sé xéc
dinh cong sudt dong co truc chinh va lya chon
spindle phu hop. Cac két qua nay dong thoi
duogc str dung lam dir liéu dau vao cho qué trinh
phan tich két cau nham kiém tra ing suit va do
chuyén vi ctia khung méy dudi tac dung cua tai
trong lam viéc.

Lyc cét trong qua trinh gia cong dugc
xac dinh theo cong thic:

10.C,.t*.s).BY.z
= pagw

Ky = 455N (1)

Trong do:

Cp, X, V, u, q, w: Cac h¢ s6 mil;
D: Buong kinh dao phay (mm);
B: Bé rong phay (mm);

S: Lugng chay dao (mm/rang);
z: S6 ring;

n: S6 vong quay cua dao (vg/ph).

Toc @0 cat:

c, D1
T Tm ¢x g¥ pu P
t*.57 B,

k,= 73m/ph (2)

Trong do:

C,q,%,y u,p,: H¢ s6 va cac s6 mi;

T: Chu ky bén cta dao (phut);

k : HE sd diéu chinh chung cho toc do
cat.

Dua trén lyc cat gidi han va van toc cat
trong qua trinh gia cong, cong suat yéu cau cua
dong co truc chinh N_ dugc xac dinh bang:

B -v

Ne = ———=0,65kW
¢ 102060

G)

Thong thudng cong suit cit chiém
khodang (70 ~ 80%) cong suit ctia dong co. Mot
cach gan dung, ta co cong suat ciia dong co ~
0,8 kW. Trén co so cac két qua tinh toan va
diéu kién thiét bi sin co, cong suét dong co truc
chinh duoc lva chon 1a Model GDZ-80-2.2B
v6i cong sudt 1,5 kW. Cac thong sb tinh toan
dugc tong hop va trinh bay trong bang 1.

Bang 1. Két qua tinh todn

Théng sb Gia tri
Puodng kinh dao (D) 7 (mm)
S6 vong quay (n) 24000 (vg/ph)
Téc do cit (v) 73 (m/ph)
Chiéu sau cit (t) 4 (mm)
Cong suat spindle (N 0,65 (kW)
Lyc cit (P) 455N

Pé danh gia do bén va do clng vimng
cta két cau, cac gia tri tai trong thu dugc tu
qua trinh tinh toan dugc dua vao mo hinh phan
tich bang phan mém SAP2000. Thong qua qua
trinh mo phong, phan bd tng suét va do chuyén
vi cia khung may dugc xéc dinh va trinh bay
trong Hinh 2. Tur cac két qua nay c6 thé danh
gid kha ning lam viéc ciia két cau dudi diéu
kién tai trong thuc té. Trén co s& d6, md hinh
CAD tong thé cia may dugc hoan thién va thé
hién nhu trong Hinh 3.

Hinh 2. Két qua tng sudt va bién dang ciia két cau
sau khi tinh toan bang SAP2000.
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Hinh 3. M6 hinh héa két cau mdy bang Inventor:
2.3. Tinh toan, lya chon vit me

Trong méay CNC, vit me bi dugc lua
chon cho co ciu truyén dong céc truc do co
hiéu suat truyén dong cao, ma sat nho va do
chinh x4c chuyén dong tét. Nho do, hé thong
dam bao d) cung virng, gidm mai mon va nang
cao do 6n dinh trong qua trinh gia cong [1].

Bang 2. Cdc théng sé dau vao tinh todn,
chon vit me

Truc Z Y X
Khéi luong m (kg) 15 35 20

Van tbc chay lon nhét

khi khong gia cong V, 18 18 18
(m/ph)

Van tbc chay lon nhét 5 5 5

khi gia cong V, (m/ph)

Gia tdc hoat dong 16n s s s

nhat a (m/s?)
Thot gian hoat dong 1500 1 10000 | 10000

L, ()

Hésdmasatbématp | 0,1 0,1 0,1

Sau khi tinh toan budc vit, luc doc truc
trung binh, toc do quay trung binh tai trong, va
ban kinh truc dya vao cac thong s6 dau vao, ta
c6 bang két qua:

Bdng 3. Két qua tinh chon vit me bi

Truc V4 Y X
Budc vit me 1
10 10 10
(kg)
Luc doc truc
trung binh F_ (N) 31 376 365
Téc d6 quay
trung binh N_ 890 890 890
(vg/ph)
Tai trong tinh C;
; 846 1026 996
(N)
Taitrong dong C, | 3055 | 3661 | 3554
(N)

Trén co so cac két qua tinh toan
tong hop tai Bang 3, loai vit me bi HANSA
SHIR1510C7 dugc lya chon nham dap ung céc
diéu kién thiét ké cua hé truyén dong.

2.4. Tinh to4n, lya chon 6 lin

Tinh chon 6 lan cho truc Z tuong tu cho
cum tryc X, Y, xét luc doc tryuc tac dung 1én cac
0 lan:

Luc doc truc trung binh: F_ = 311N.

Luc tic dung gy boi khdi lugng khi
khong chuyén dong 1én cac o:

mg

Duya vao duong kinh tryuc vit me va tde
dd quay cua dong co. Chon 6 lan ma 7202BE.
Noi luc doc truc tac dung 1én céc 6 bi:

F,=eR,=1,14.75=855N )

Luc doc truc tac dung lén cac b bi:
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Fuz Fro ot Fris
i Fus
.
//'I_ l_ff
Fiio Frl!- Fiay
F":. F”
II/ F:n[l Fr. F1.1 ‘L~
e -
Véi 6 A:
_ __ E. 311

Suy ra: F_, =241N.

Vo1 6 B:

3™

R 311
SFop =Fp+ = —855+——=70N < Fy

Suy ra: F_, = 85,5N.

Vay F, = max(F,, F_)=241N.

Kiém tra:
F, 241
%=—=3,21}e ®)]
v.Frg 1.75

Xéc dinh tai trong quy wdc:

Tai dong:
Q=(X.VF +YF)k k =2244IN (6)

Tai tinh:
Q,= (XO.V.FrJr YO'Fa)'kd'kt: 139,8N (7)

Vei:  F, F, latai trong huéng tm va
doc truc (kN);

V 1a hé s6 ké dén vong nao quay;

k, 13 hé 56 ke dén anh huong cua nhit do;

k, 1a h¢ sc} ké dén dac tinh tai trong;

X 1a hé s0 tai trong hudng tam,;

Y 1a hé sb tai trong doc truc.

Tur tai trong vura tinh, kiém tra kha nang
tai tinh va tai dong cua 6 lan:

Co = Qp.LY/™ = 1434 3N < C,, = 4,4kN (8)

Cs= Q.LY™ = 23024N < C =8,32kN(9)

Trong do:
m la bac cua duong cong méi khi thir vé

L 14 tudi tho ctia 6 1an (triéu vong quay);
Q 1a tai trong dong quy udc (kN);
Q, 1a tai trong tinh quy ude (kN).

Nhu viy, 6 bi 7202BE phu hop kha
nang tai.

2.5. Tinh chon ddng co din huéng

Tinh chon dong co cho truc Z, tuong tu
cho cum truc X,Y.

- Momen ma sat:

m.g.u.h.cosa
2m. 1.

Mg, = = 0,04 Nm (10)
Trong do:

a la goc nghiéng truc dong co;

i1a ty sb truyén;

n 14 hiéu suat dong co;

h 1a budc cua vit me (m).

- Momen chéng trong luc két cdu:

m.g.h.sina

My=——————=0N 11
w 2m.i.n m (1D

- Momen may:

M =m=0881‘\?m (12)
mach 2T i-ﬂ 1
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- Momen tinh:
M = Mfric + Mw + Mma

stat

=0,92 Nm(13)

ch

- Téc do quay dong co:

Vinasx-L

= 1800 vong /phut (14)

Nnom: =

Chon dong co: 60EB128LC-58DA.
2.6. Tinh chon dong co ban in

- Cong suét dong co:

F
p— {:4,7814»' (15)

Véi: v 1a tde d6 16n nhét cua truc Z’; n
la hiu suat cua truc Z’.

- Tc d6 vong quay truc Z’:

VgL

h

N, = =20vg/s = 1200 vg/ph (16)
Véiilaty sd truyén va h 1 bude vit me.
Chon dong co: 57J1880EC-1000-LS-31(F).
2.7. Tinh chon b truyén day dai
- Modun m xéc dinh boi cong thic:

:;’P
m=35. |[—=10,6 (24)
ny

Trong do: P, 1a cong suét trén banh dai
chu dong (kW); n, 1a s6 vong quay cta banh dai
chu dong (vong/phut).

Véim=1, chon chiéu rong dai b= 6mm.

Chon budc dai p = t.m = 3,14mm.

Chon s6 rang: z, = 60 rang. Theo pully
thuc té.

Buong kinh vong chia cac banh dai:
d,=m.z, = 60mm.

Chiéu dai day dai (tinh gan dung):

. (dy + dy +d3) 0 (dg — d1)? 0 (ds — d3)? " (ds —d,)?
2 4a, 4a, 4ay

l=a;+a;+az+

Luyc vong riéng trén dai phai thoa man
diéu kién:

q = Fr.Ka/b + qm-v* < [q] (25)

Trong do: F 1a lyc vong (N); q,_la khoi
luong 1m dai c6 chiéu rong Imm; K la h¢ )
tai trong dong; v 1a van téc vong (m/s).

Thay s6 vao (25), ta dugc:
q=13N/m=<|[q]

Vay bo truyén dai an toan veé di¢u ki¢n
lyc vong riéng.

3. CHE TAO VA THIET KE
3.1. Thiét ké hé thong diéu khién

Bo diéu khién chuyén dong (Motion
Controller) cua may cho chitc nang CNC la
board Mach3 v&i phan mém Mach3, con chirc
nang in 3D la board Arduino dugc nhung
firmware Marlin, cho phép su xuét hién cua
cong nghé gia cong cit got CNC va san xuit
bdi ddp in 3D trén cung mot thiét bi. Cach két
ndi board mach Mach3 va board Arduino cho
dong co cung véi cac thiét bj khac duoc biéu
dién tai Hinh 4. Hé théng tuy dong chuyén doi
chtic ning may bang cach st dung bo mach
Arduino Uno R3 diéu khién dong co budc va
cac cong tic gidi han hanh trinh, két hop nut
bam On/Off (Hinh 5).
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Hinh 5. So do hé tho‘ng dién cua tw dong chuyén
doi chirc nang

3.2. Ché tao may
May sau khi dugc tinh toan thiét ké va

gia cong duoc lap rap hoan chinh thé hién &
hinh 6.

Hinh 6. Hinh anh thuec té ciia may sau khi da ldp
dat hoan chinh

4. GIA CONG VA THU NGHIEM

Hinh 7. San pham gia cong

Sau khi nguoi diéu khién két ni may
tinh voi may va bat cong tic khoi dong, may
vao trang thai cho 1€nh. Dé bit diu mot chuong
trinh in 3D, ngu’(‘yi diéu khién can dua chi tiét
gla cong vao phan mém Slicer (Cura Slicer),
phan mém s& cho ra chu:ong trlnh G-code phu
hop. Sau do, nguorl diéu khién can dua G-code
vao phan mém diéu khién Pronterface dé bit
dau in. Qua trinh in két thuc, ngudi diéu khién
bat cong tac chuyén d6i dé may chuyén sang
trang thai CNC. O trang thai CNC, ngudi diéu
khién dua chi tiét can gia cong vao phan mém
NX dé lay G-code. G-code sau d6 dugc tai 1én
Mach3 — khong gian diéu khién CNC — dé thao
tac va xir ly. Két thiic ca hai qua trinh, cac truc
tu dong vé vi tri an toan va san sang cho cac
ménh 1énh tiép theo. Mot sb san phém mau
dugc gia cong thir nghiém trén may da thiét ké
duogc trinh bay ¢ Hinh 7.

5. KET LUAN

Muc tiéu cua bai bao nay gidi thi€u quy
trinh tinh toan thiét ké va ché tao may in 3D da
nang tich hgp may CNC nham phuyc vu cho linh
vuc gido duc va nghién ctru. May hoan toan co

kha ning canh tranh véi tat ca dong may cing &
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phan khuc vé cong ning va véi cac may cing
cong nang vé gia thanh trong khi van dam bao
dugc nhimg yéu cau co ban vé do chinh xac va
chat luong san pham. Dinh hudng trong tuong
lai, may co thé duoc nang cép 1én 5 truc va hé
théng ga dat tu dong dé hoan toan tu dong hoa
khau san xuat, ting hiéu qua lam viéc, rit ngin
thoi gian lao dong va ngdy cang cai thién vé
tinh thim my.
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