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Toém tit - Méy khic CNC 1a méy duoc thiét ké c6 tac dung diéu
khic tao ra cAc san phim trén nhing chi tiét cé dang tim nhu: g,
mica, nhya, da... cac bd phan trong d6 hoat dong tu dong theo
chudi sy kién ma nguoi dung thiét lap dé tao ra cac san pham c6
hinh dang va kich thudc theo yéu cau dudi sy trg gilp ciia may
tinh. San phdm mang tinh tmg dung cao trong cdng nghiép san
xuét nhan dan bao bi, gd my ngh¢, san phdm trang tri... nham giim
lao dong thu c6ng va ting ning suit lao dong. Bai béo trinh bay
qua trinh nghién ctru, thiét k&, ché tao may khic gb CNC 3 truc
dang nho. Méy khic CNC 3 tryc dugc nghién ciru ¢6 thé thyc hién
duogc da dang cAc loai san phdm va két hop cac cong doan khac
dé tao nén mot day chuyén san xuét khép kin va hoan toan tu
dong. Két qua ciia nghién ciru nay ¢ ¥ nghia thiét thyc trong dao
tao, 1am chu cong nghé ché tao, sé héa qué trinh san xuét trong
thoi Ki ciia cude cach mang cong nghiép 4.0.

Tir khoa - May khic CNC 3 truc; Md phong; may khic gd; ty
dong hoa.

1. Pit van dé

Hién nay, c4c san phdm dugc ché tao tir vat liéu gb,
nhura, da... duoc sir dung rong rai nham muc dich trang tri
va phuc vu cudc sdng ciia con nguoi. Nhiéu may mac, thiét
bi hién dai da dugc nghién ctru, ché tao dé gia cong cac san
pham nay véi chat lugng san pham ngay cang cao, dong
thoi giam lao dong thu cong va ting ning suét lao dong.
Céc san pham diéu khic tir gd trudc dy thong thuong chi
duogc thyc hién tha cong, phu thudc vao tay nghé cua cac
nghé nhan dan dén gi4 thanh san pham tao ra ciing khé cao,
nang suit kho dap tng khi san lugng tang. Vi vay, viéc co
khi héa va tu dong hda dé phuc vu gia cong cac san phdm
nay la rat can thiét [1].

May khic CNC (Computerized Numeric Control) 1a mot
loai may duoc thiét ké c6 tac dung diéu khéc céc chi tiét trén
nhing chi tiét c6 dang tim tAm nhu: g, mica, nhya, da. ..
duoc diéu khién tu dong dudi sy tro gilip cua may tinh, cac
bd phén trong d6 tw dong lap trinh dé hoat dong theo chudi
su kién ma nguori dung thiét 1ap dé tao ra Cic san pham c6
hinh dang va kich thuéc theo yéu cau. Day la cong ngh¢ hién
dai nhét trong viée gia cong ché tao c4c san pham thu cong
sang san xuat hang loat trong cong nghiép. Thuc vay, nhicu
nghién ciru, thiét ké va ché tao méay khic CNC da duoc cong
b6 trong nhing ndm gan day [2-5]. CAc nghién ciru nay da
cho thiy dugc kha nang lam chu ¢ong ngh¢, chu dong thiét
ké, san xuat may CNC trong nudc. CAc thiét ké va ché tao
méy khic CNC 3 truc duoc ra doi la giai phap hoan hao tao
nén nhiéu vu diém vuot trdi nhu sau:

Abstract - The CNC engraving machine is a machine designed
with the effect of sculpting to create products on sheet-shaped parts
such as wood, mica, plastic, leather, etc... The components operate
automatically according to the sequence of events set up by users
in order to create the required shaped and sized products with the
help of a computer. The product is highly applicable for the
manufacturing industry of packaging stickers, wood art, decorative
products... to reduce manual labour and significantly increase
labour productivity. The article presents the process of researching,
designing, and manufacturing a small 3-axis CNC engraving
machine. It can perform a variety of products and combine other
stages to create a closed and fully automatic production line. The
results of this study have a practical significance in training,
mastering manufacturing technology, and digitizing the production
process in the era of the industrial revolution 4.0.

Key words - 3-axis CNC engraving machine; Simulation; Wood
engraving machine; Automation

« Giam thoi gian ga dit: Viéc thiét ké nhiéu truc gidp viée
di chuyén cua co chip hanh c6 gén dung cu gia cong di chuyén
dé céit céc chi tiét nhanh hon. Nhu céc logi may trudc ddy, voi
cac san pham kho, phue tap s& can phai co nhleu dd ga tuy
chinh, diéu nay gay mat nhiéu thoi gian va rat ton kém.

» B chinh x&c cao: Trong qua trinh gia cdng mot san
pham bét ky, dui ¢ sy chudn bi chu d4o thi khi phai chuyén
g4 ciing déu c6 thé xay ra nhimng sai léch, nhimng rui ro la
khong thé tranh khoi. Chinh vi thé sir dung may 3 truc s&
giam duoc viée d6i ga, dong thoi cho tde d6 quay va tde do
an dao 1on hon tao dugc tinh chinh xac cao.

« Chat luong bé mat t6t hon: Thiét ké chuyén dong theo
3 truc s& han ché dugc do léch, giam thiéu duoc rung dong
cua dao cit ddng thoi cac dudng cét, duc mém mai va tinh
té hon. Tir d6 khién cho bé mat san pham, chi tiét s& t6t va
dep hon.

Trong bai b&o nay, nhém téc gia da nghién ciru, thiét ké
va ché tao méy khic gd CNC 3 truc dang nho. San phém
may ra doi phu hop v6i nghién ctru chung cua xa hoi vi né
phuc vu dung nhu cau cua cude song, 1a yéu t6 gip cho
ngudi dung tang nang suét lao dong, Cong nghiép hoa qué
trinh gia cong cac san pham thu cong va tiét kiém chi phi
dau tu ban dau. Dé thyc hién nghién ctru ndy, nhom tac gia
da tién hanh nghién ctru, 4p dung nhing kién thirc vé co
khi ché tao va k¥ thuat vi diéu khién dé thiét ké va ché tao
thanh cong méy khic CNC 3 truc hoat dong mét cach chinh
xéc, lién tuc, voi toe do gia cong thay ddi theo timg muc
dich st dung, dap g cac yéu cau ky thuat dé ra.

1 The University of Danang — University of Science and Technology (Tao Quang Bang, Nguyen Hung Di Khang, Hoang Van Thanh, Le Van Duong)
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2. No¢i dung
2.1. Thiét ké may khdc CNC 3 truc
2.1.1. Yéu cdu kj thudt ciia may thiét ké

‘Muc dich cua nghién ctru nay la thiét’ké', ché tao may
khac CNC 3 tryc phai dam bao diéu khac duoc trén san
pham g6 tam, dugc 1ap trinh va dicu khién boi may tinh,
san pham c0 dd tinh xao va chat lugng cao. Hinh 1 thé hién
san pham muc tiéu ma may thiét ke, ché tao can dat duoc.
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1. Ddng co 1

2. Vit me déin dong true X

3. Khung may

4. Vit me din dong truc Y

5. Cum ban di chuyén true X

6. Cum ban di chuyén truc Y

7.Ding co 2

8. Dong co 3

9. Vitme di chuyén truc 7,

10. Cum dau truc chinh
Hinh 2. So'd6 dgng ciia may thiét ké

Dua trén yéu cau dit ra, may duoc thiét ké véi cac yéu
cau ky thuat nhu sau:

- My c6 hanh trinh 1am viéc t6i da: 500 x 500 x 100 mm

Do cung viing ctia may phai dam béo cho viéc gia cdng
cac vat liéu: go, mica, nhuya, da...

Su dich chuyén theo 3 truc X, Y, Z phdi hop chuyén
déng cung vai toc d6 cat cua dong co truc chinh dua vao
bo diéu khién CNC Shield + Arduino UnoR3 dé tao ra cac
san pham ¢6 hinh dang va kich thuéc theo yéu cau.

San pham gia cong ¢ dang tam, kich thuéc thay doi
linh hoat, t6i da twong (mg véi hanh trinh 1am viéc cia may.

Sau khi Iya chon phuong an thiét ké, nhom tac gia da
thuc hién viéc phac hoa 3D toan mdy trén phan mém
SOLIDWORK vabd tri hoan thién cac cum chinh ctia may.
Két qua dugc thé hién qua Hinh 3, bao gom cac cum chinh:
khung d& cO gan bé mat lam viéc ciia may, cum truc dich
chuyén theo X, Y, Z, cum truc chinh mang dung cu cat, ti
dién va hop nguon.

Truc chinh Cum truc

: 1 Khung may
may di chuyen

I

Tu dién

3
<

Bé mit lam Hop ngudn

viéc

Hinh 3. Thiét ké 3D so bg ciia may

2.1.2. Thiét ké két cdu cac cum truc chuyén dong

Yéu cau cua may CNC Ia céc cum truc chuyﬂén dong X,
Y, Z phai c6 d6 cung viing va khoi lugng nhe dé thuén tién
trong viéc di chuyén. Trén co s¢ do, vat lieu Cac cum truc
la cac thanh nhém dinh hinh két hop véi cac tam mica co
do day 10mm duge mo ta & Hinh 4. Céc chi tict bang vat
liéu mica dugc gia cdng bang may cat laser dé dam bao d6
chinh xéc.
2.1.3. Tinh chon dong co truyén dong

Viée diéu khién cAc truc chuyén dong trong may CNC
duoc thuc hiét} bang c4c dong co bude. Dya Vé}o kich thude
ctiia may va diéu kién lam viéc’da datra 7ban dau, tac gia da
chon doéng co bude cé théng so dugc thé hién ¢ Bang 1, va
hinh anh dong co str dung dugc thé hién ¢ Hinh 4 [6-8].

Bing 1. Thong s6 kJ thudt ciia cac dong co budce

Loai dong Kich thwée Mo fhen C}"’“g.‘?" I:I €U | Buée
co xoan |dong dién |dién the

Nema 42 | 42x48 mm |0,55 Nm| 1,4A 4,42V | 18°

Nema 57 | 55x56 mm | 1,ANm 19A 5V 1,8°

Hinh 4. Déng co budc size 42 va size 57 va driver th6560
2.1.4. Thiét ké phwong &n truyén déng cho 3 cum truc di
chuyén

Trong qua trinh 1am viéc, méay két hop chuyén dong
cia3truc X,Y,Z dé tao Chuyén dong cét nén doi héi tinh
on dinh va do chinh xac cao, do d6 bo truyén vit me-dai
dc 12 bo truyén chuyén dong cho ca 3 truc X, Y, Z duoc
lya chon trong nghién ctru ndy. Viéc tinh chon bo truyén
vit me-dai dc dwa vao nhiéu yéu t6 khac nhau: gia thanh
trén thi trudng, théng sb ctua dong co bude, ché do cét khi
gia cong trén cac vat liéu khac nhau... Thong sé ché do
cit khi gia cong céc loai gd thdng thuong dugc thé hién
gua Bang 2 [9].
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Bing 2. Thdng s6 ché dg cat khi gia cong cdt gé

Chidu sau cit Vin tbc cit Vin toc diy

t (mm) V (m/ph) F (mm/pht)
0,5 18 <330
1,0 18 <315
1,5 18 <275
0,5 22 <340
1,0 22 < 330
1,5 22 <310
0,5 26 <350
1,0 26 < 340
1,5 26 <335

Duya vao nhiing s liéu ¢ bang trén, két hop véi thyc té
thi truong thi ¢6 2 loai bo truyén vit me dap ung duoc yéu
cau dé ra d6 1a bo truyén vit me T8 (budc 8mm) va T2
(budec 2mm), dé tiét kiém chi phi va dam bao kha ning hoat
dong ctia may tac gia da chon bo truyén vit me T2, dugc
thé hién trén Hinh 6.
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Hinh 5. Bé truyén vit me- dai éc T2

Ngoai ra, ta cin c6 cac tru dan huéng dé dam bao do
chinh xac, d6 cting viing khi di chuyén, toc do di chuyén.
2.1.5. Tinh chon déng co truc chinh (déng co phay)

Duya vao Bang 2, thdng s6 ché do cat khi gia cong céc
lgai 20 'ghﬁng thuong, \{(’yi chiéu sau cat la 0,5 + 1,5 mm,
toc do cat 1a 26 m/ph, s6 vong quay ctia dong co dugc tinh
nhu sau [6-8]:

_ 1000.V _ 1000.26
n= n.D 3.

~ 3000(vong /phut)

Trong do6:

- n: S6 vong quay truc chinh (vong/pht);

- D: buong kinh dao (mm);

- V: Vin tdc cat (m/ph).

Thﬁr)g qua két qua tinh duoc, chon duoc dong co co
cong suat va so vong quay phu hop la dong co 775, ket hop
v6i module dieu khien toc d6 0+12000 (vong/ phut), cong
suat dinh mac 150W, dugce thé hién ¢ Hinh 6.

Hinh 6. Dong co' 775

2.2. Thiét ké hé théng diéu khién va phdam mém diéu khién
2.2.1. Hé thong diéu khién

Hg¢ thong didu khién may CNC 1a bo ndo cua toan may,
la noi dieu khién tat ca cac hoat dong ctia may thong qua cac
chuong trinh dicu khién duoc thiet 1ap trén may tinh. Cac
thanh phan co ban cua mot h¢ dicu khien may CNC duoc ap
dung cho may khac CNC 3 tryc dugc thé hién trén Hinh 7.
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CNC
/
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Hinh 7. Hé thong diéu khién may

Heé thdng diéu khién may CNC trén Hinh 7 c6 thé chia
ra thanh 4 khdi chinh:

- Khéi ngudn: C6 chirc nang cung cép ning luong cho
toan hé thong may CNC bao gdom bo mach chu, cac hé
thdng dong co budc va cac co ciu chap hanh, dong co truc
chinh, cong tic, ro le. ..

- Khéi déu vao: Bao gdm cac chuong trinh G-code dugc
lap trinh trén cac phan mém CAD-CAM trén may tinh va
cac thong tin thiét 1ap ban dau trén phan mém diéu khién
(firmware setting, sender setting, G-code professor
configuration...), c&c n(t bam, cdng tic, bién trg, module
diéu khién bang tay.

- Khéi xur ly trung tam: Sir dung vi diéu khién Arduino
Uno R3+ CNC shield, thyc hién chirc ning tiép nhan va
thuc thi cac chwong trinh G-code dugc nap tryc tiép tir may
tinh théng qua phan mém diéu khién va xuat tin hiéu ra cac
chan xung, cac tin hiéu dau ra dé diéu khién cac driver dong
co bude, dong co truc chinh va c&c co cau chap hanh khac.

- Khéi dau ra bao gdm: 3 dong co budc trén ba truc
chuyén dong X, Y, Z dong co truc chinh, cac dén tin hiéu
hién thi trén céc thiét bi hoat dong.

2.2.2. Phian mém diéu khién may

V6i sy phét trién ctia cOng nghé phan mém hién nay, c6
rat nhiéu phan mém diéu khién khac nhau cho may CNC,
tly thudc vao bo diéu khién va ma ngudn ma bo didu khién
do sir dung. Trong bai bao nay, tac gia dung bo diéu khién
trung tdm la Arduino Uno R3+CNC shield, bo diéu khién
nay sir dung duoc vai cac chuong trinh 1ap trinh bang tay
trén ngdn ngir C do ngudi 1ap trinh séng tao ra va cdc ma
ngudn mé dugc phat trién dé p dung cho cac muc dich van
hanh riéng biét.

M4 ngudn GRBL dugc t6 chire dich vu quan ly server
GITHUB luu trir va phéat trién qua nhiéu phién ban khac
nhau boi cac nha lap trinh vién trén toan thé gisi, pha hop
cho céc chuong trinh diéu khién CNC trén cac bo diéu
khién Arduino ndi chung va Arduino Uno R3+ CNC Shield
noi riéng. GRBL ¢6 uu diém dé sir dung, linh hoat, twong
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thich tot voi cac bo diéu khién dong chip AT mega 328... Machine status

toc d§ Braud rate cao: 115200, cho kha nang xtr ly cac dong
code chinh x&c, nhanh chéng. Nhugc diém la ngudi dung
kho can thiép va ca nhan hda phan mém néu thiéu kién thirc

Active State: Idle

Latest Comment:

X 1a N Lz z .oz A Work Position: Machine Position:
vé 1ap trinh, kho &p dung cho cac loai mady CNC chuyén 0 o
biét & murc do chinh xac cao hon. : - omm
. Y N Y 2z o A Y. 0 Y: Omm
C6 nhiéu chuong trinh diéu khién ap dung méa nguon - 7 omm

GRBL dé diéu khién méy CNC va tac gia da chon chuong
trinh Universal G-code Sender dé diéu khién may CNC.

. R X I\ Y Hinh 11. Toa dé lam viéc cuia may.
Universal G-code Sender 1a mt phan mém chay trén nén y

Java va nén tang Win64bit, n6 c6 nhiéu tinh nang dé su AMen‘Au File ¢6 chire né'ng:ch(_)n file Gf"che dé xuat ra Eu
dung va phil hop véi cac may CNC c& nhé, giao dién hién ~ Phan mem CAD-CAM c6 san trong may tinh dé thyc hién
thi ctia chuong trinh duoc thé hién trén Hinh 8. giacong va tinh toan chinh xac thoi gian gia cong theo timg
' | chi tiét khac nhau, duoc thé hién nhu Hinh 12.
Connectior : Fil

Part o t] g ) =

Baud | 115200 ) (8 | Open Rows In File: 0

Fimuare: | GRBL - _-J Sent Rows: 0

Remaining Rows: 0

blaohine se o Estimated Time Remaining: ———
f::i::m Duration: 00:00:00
wu::mm Ma[:":pmm Send Pause Cancel
; : : : /] Scrol outpt window || Show verbose output (¥ Enable command table Visualize Browse Save
File
FowshFie 0 Loows oo o — Hinh 12. Chon file gia cong trén may.
Sert Rows: 0 o
Remaning Raws. 0
Hinh 8. Giao dién phan mém Universal G-code Sender 3. Két qua va ban luin
Dé thiét 1ap cac thong sé pht hop cho may CNC, du Trong nghién ctru ndy, nhom tac gia da tinh toan, thiét

tién ta phai ket ni voi bo mach diéu khién Arduino, diing ~ ké va ché tao thanh cng may khac CNC 3 tryc dang nho
phan mém Arduino dé nap code GRBL. Pé van hanh may,  hoat dong 6n dinh va dam bao dung theo cac yéu cau de ra.
phai két ndi phin mém Universal G-code Sender véi  Qua thir nghi¢m thuc te thi may hoat dong dat hi¢u suat
Arduino + CNC Shield va nhin Open. Thiét lap cac thong  1am viéc 95%, phan con lai chwa dat vi ly do sai so ché tao
s6 trong muc Firmware setting dé cai dt théng sb phihgp  cling nhu dang trong giai doan chay thir nghiém. May thiét
cho may, chi tiét dugc thé hién nhu Hinh 9. ké, ché tao va c4c san pham gd gia cong tir may nay dugc
thé hién trén Hinh 13.

Seting & Vaie

$131 400,000
160 000

Close Export || import Seve

Hinh 9. Théng sé cai ddt cho may-firmware setting
Trén giao dién két ndi, c6 thé diéu khién céc hudng
chuyén dong truc trén mdy CNC théng qua cic ndt nhan
nhu Hinh 10.

Hinh 10. Piéu khién hudéng chuyén déng ciia may

Trén menu Machine status hién thi toa do 1am viéc cua
may khi hoat dong (Hinh 11).

(b)
Hinh 13. May khdic g6 CNC 3 truc (a)
va cac san pham gia céng (b)
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San pham dugc may c6 thé sir dung véi nhiéu myc dich
khac nhau nhu: Lam nhén dan, tranh anh, véi do chinh xac
cao. Ngoai ra, may ché tao c6 thé mo rong pham vi tng
dung dbi v6i nhimng san pham c6 kich thudc va khdi lugng
16n hon, khi d6 can gia c6 ban may va cac co cdu chuyén
dong vimng chac hon, ting hanh trinh 1am viéc cua may
thong qua tang kich thudc may va hanh trinh may da setup
trén phan mém cta may, thay doi cac dong co, bo truyén
chuyén dong c6 cong suat cao hon.

Bo diéu khién Arduino+ CNC Shield hd trg t6i da 4 truc
chuyén dong dong thoi nén ta co thé lip thém mot truc A
thir 4 vao may dé thuc hién gia cong 4 truc, 4p dung cho
c4c chi tiét hinh tru gia cong trén mam cap. Ngoai ra, bd
diéu khién Arduino+ CNC Shield c6 sin chan Z+ Ia chan
xung PWM dé diéu khién tin hiéu Spindle/Laser do do ta
chi can l4p thém dau Laser vao truc Z va ndi vao chan Z+
thi may khic CNC 3 tryc d tro thanh may khac Laser, co
thé dap g 100% céc tiéu chi can ¢ ciia mot may Laser
hoan thién.

Trén co so cua nghién ctru ndy c6 thé phat trién thanh
méy dam bao day dii cac chirc nang va hiéu sut may dé hoat
dong trong moi truong san xuat cdng nghiép ciing nhu nhur
nho, lé. May khic CNC 3 tryc hoan toan c6 thé két hop véi
céi hé thdng may khac dé tao thanh mot day chuyén san xuét
tu dong khép kin trong san xuat dan dung va cdng nghiép.

4. Két luan

May khég CNC 3 truc dang nho da dwge nhom tac gia
tinh toan, thiet ke va ché tao thanh cong. Qua qua trinh van
hanh thir cho thay, may hoat dong on dinh va hiéu suat cao
dé gia cdng ra cac san pham dat yéu cau. Ngoai ra, ¢6 thé mé

rong thém cong ning ciia may va cac yéu cau khéc khi thyc
hién céc dang san pham khac nhau. Nghién ciru ndy 1a qué
trinh tong hop lai c4c kién thirc co ban tir vat ligu, thiét ké
may, ché tao, 1ap trinh va diéu khién may, két qua ctia nghién
ctru €0 Y nghia thiét thyc nham phuc vu giang day, nghién
ctru khoa hoc tai céc truong dai hoc, vién nghién ciru. Tu
maéy dang nho nay cd thé phat trién thanh may san xuéat cong
nghiép, két hop vai cac méay khac dé tao thanh mét chu trinh
khép trinh véi quy mo san xuat hang loat 16n, tmg dung s6
hoa trong san xuat cong nghiép thoi dai 4.0.
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