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TOM TAT: Trong bai bdo ndy, tac gia trinh bay mot s6 két qua cua nghién
ctru, ché tao va tdi vu thiét ké May CNC laser CO, sir dung trong gia cong cit,
khic cac san pham gd ¢& vira va nho. Tia laser duogc sir dung 12 tia laser CO,
co6 cong suat cao. Phan mém Grbl duoc lua chon dé diéu khién may ciing nhu
hiéu chinh G-code dé thuc hién qua trinh gia cong. Dé diéu khién dau laser
trong ndi dung nghién ctru nay tac gia sir dung vi diéu khién Atmega 328 dé
1am bd diéu khién may. Két qua kiém nghiém cho thiy két cAu du bén, dang
tin cdy. Két qua gia cong mot s6 san pham cho thdy may dam bao do chinh xac
theo dung yéu cau.

Tir khoa: Laser CO,, gia cong, laser, thiét ké may Laser CNC.

RESEARCH ON DESIGNING AND MANUFACTURING OF CO2 CNC LASER MACHINE

ABSTRACT: In this paper, the author presents some results of researching,
manufacturing and optimizing the design of CO2 laser CNC machines used
in cutting and engraving small and medium-sized wooden products. The
laser beam used is a high-power CO2 laser beam. The Grbl software is
chosen to control the machine as well as calibrate the G-code to perform
the machining process. To control the laser head in this research, the author
uses an Atmega 328 microcontroller as the machine controller. The test
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results show that the structure is durable and reliable. The processing

results of some products reveal that the machine ensures accuracy

according to the specified requirements.

Keywords: Laser CO», Processing, Laser, Designing CNC Laser Machine.

1. PAT VAN PE

May CNC laser CO;, dugc dung
nhiéu dé khoan, cua cit va boc cac 16p
vat liéu. Poi chd nd cling duoc sir
dung dé ram, t6i cuc bd bé mat vat lidu
kim loai [1]. Tuy nhién ding may dé
ct, phay boc cac 16p vat liéu phi kim
loai nhu gd, da thi chua duoc Ung
dung nhiéu. Ciing c6 thé do gia thanh
may laser cat kim loai d6 cao. Viéc
nghién ctru thiét ké, ché tao May CNC
laser CO; hoat dong hi¢u qua, dé
chuyén cit hoa tiét trén nhitng vat li¢u
0, da phuc vu trong doi séng, san
xuét 13 can thiét, gitp t6i wu chi phi
trong viéc ché tao, sir dung may. Bai
bao trinh bay phuong an thiét ké dong
hoc may, két cdu may, diéu khién may
va ché tao va thr nghiém May CNC
laser COs.

2. TONG QUAN NGHIEN CUU

Laser (Light Amplification by
Stimulated Emission of Radiation
c6 nghia 1a "khuéch dai 4nh sang
biang phat xa kich thich) 1a mot
trong nhiing phdt minh khoa hoc
quan trong nhat cua thé ky XX.
Thang 2 nam 1960, Maiman da ché
tao ra laser rubi, laser dau tién trén
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thé gi¢i. Pén thang 6 nim 1960,
Javan da ché tao ra Laser khi He —
Ne. Ttr d6 dd diy 1én mot cao trao
nghién ctru ché tao va ung dung
laser [2]. Cho téi nay hau hét cac
loai laser ran, long, khi...trai hau
hét cac giai song déu da duoc ché
tao mang tinh cong nghi¢p va ngay
mot phd bién va dugc tmng dung
rong rai trong moi linh vyc cua cude
séng. Trén thé gidi c6 nhiéu nghién
ctru vé cat laser CO, nhu D. Sciti va
cong su [3], d2 nghién ciu dung
laser khoan 16 trén vat liéu SiC.
Narendra B. Dahotre va cong su [4],
d3 nghién ciru gia cong laser két cau
gbm sir... Tai Viét Nam, TS. Do
Van Vi [5] da nghién ctu ing dung
cong nghé tuy dong hoa vao gia cong
chinh xéc trén co s cac cong nghé
tién tién nhu laser, plasma va tia lira
dién. Qua két qua vé nghién ctru
dugc cong bd di dat duogc cac giai
phéap cong nghé nhu ng dung cong
nghé laser rubi, laser CO, con trén
cac vat liéu khac nhau kim loai, gdm
con trén cac vat li€u phi kim thi it,
dic biét 1a nhitng cong bd vé nghién
ctru thiét ké may laser CO,. Ké thira



cac két qua nghién ctu cua cac
nhom nghién ctru dugc trinh bay &
trén, tac gia dé xudt thiét ké va ché
tao May CNC laser CO; su dung
trong gia cong cit, khic cac san
phdm gb ¢& vira va may duoc diéu
khién béi vi diéu khién Atmega
328P.

3. THIET KE KET CAU MAY
CNC LASER CO;

3.1. Nguyén ly hoat dong cua
may laser COx.

Nguyén ly chung gia cong vat
liéu bang laser 1a sa dung chum
laser c6 mat d¢ nang luong cao doi
1én bé mit chi tiét gia cong, do mat
d6 niang luong 16n lai truyén tai
phﬁn ti hep trén bé mit vat liéu, nén
nhiét d0 tang cao dot ngdt lam nong
chay rdi hoa hoi ting 16p vat liéu
cing voi 4p suat 1on day chung khoi
chi tiét gia cong. Nhiéu vat li¢u
(gidy, g, da...), chum laser lam bbc
bay ngay lap tirc cac phin tir cua
ching ma khong chuyén sang thé
long [1]. Nguyén ly cat, khic st
dung laser CO; (Hinh 1): Chum tia
laser CO; (1) phong ra nhd cum éng
phong qua dudng dng bao vé (2) dén
guong phan xa 45° dugc lam mat
bang nude (3) khuc xa mot goc 90°
xudng dau cit laser CO, diéu chinh
ty dong chiéu cao cat (4) dén thau
kinh héi tu (5) tao tia laser CO; két

hop duong dng cap khi (9) dé diéu
chinh 4p suat cat tia laser va chum
khi thoi khi cat (8) tao ra vét cit (7)
xudng chi tiét cit (6) qua do tao ra
san pham.

o
(=]

DBbng hé ap suit khi

Puong cép khi cit

Tia laser va chiun khi théi khi cit

Vit cat

Chi tiét cit

Théu kinh héi tu

Diéu chinh tyr dong chiéu cao ddu cit

Guong phin xa 45 36 dwoc lam mat bing nwdc
Duomg éng bao vé

Chim tia laser

L LT T U P - N AT

Hinh 1. So' d6 nguyén Iy may CNC laser
CO;

So d6 nguyén li mét thiét bi
laser CO; gia cong vat li¢u (Hinh 2),
gdm cé: khi gia cong dugce cung cap
dién va diéu khién (1); ngudén chum
laser CO; (2); h¢ quang (3); hé quan
sat (4) dé quan sat vi tri bé mit gia
cong; hé tao ap suét khi cong tac thoi
vao vi tri gia cong 4; van nap khi lam
viée (5); chi tiét gia cong (6) duogc
ban ga (7) dich chuyén dé gia cong
theo ba chiéu.
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Hinh 2. Thiét bj gia cong vt liéu bang
chum laser CO: [1]

3.2. Thiét ké két cAu may

Tac gia da thiét ké cac phuong 4n
thiét ké dong hoc may

3.2.1. Phuwong an 1: Su dung truc
vitme- dai oc trong truyén dong

1 — dgng co buoc
2 — truc vitme X
3 —dai éc
4—goi do

5 —truc vitme Y

6 — khung
7 — mo cit
8 — phdi cit
Hinh 3. Sur dung truc vitme- dai éc
trong truyén dong:
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Hinh 3 md ta nguyén ly din dong
ban may sir dung bo truyén vitme dai dc.
Chi tiét dimg yén, hé chuyén dong theo
2 phuong X, Y trén ban may CNC.
Pong co theo phuong X chuyén dong
mo cat déng thoi dong co M1 qua truc
vitme - dai 6c dan hudng, dich chuyén
hé théng dau cat theo phuong quy dao
cat cia phoi. Dong co theo phuong Y
két hop theo huéng X gitp di chuyén
chum tia laser hoi tu nho hé thé)ng
guong CNC sinh ra vét cat. Ban may ¢
tac dung gilr phdi. Tir d6 chum tia laser
s& di chuyén theo mot phuong va chi tiét
dugc gia cong duogc dinh vi trén ban
may dé tao ra hinh dang vét cit. Phuong
an nay, dam bao dd chinh xac cao trong
chuyén dong cua dau cit laser theo truc
X, Y. Tuy nhién gia thanh may tang cao.
Nén thuong dung trong may CNC gia
cong chi tiét may, khuén mau.

3.2.2. Phuwong an 2: Str dung bo
truyén dai rang trong truyén dong

I —dong co budc
2 — dai rang

. 3—dai oc

4— gdi do

5 — truc vit me
6 — puli ring
7 — mé cdt

8 — phéi cdt

Hinh 4. Sir dung bé truyén dai riang
trong truyén dong



Hinh 4 md ta nguyén ly dan
dong ban may sir dung b truyén dai
rang. Chi tiét dung yén, hé chuyén
dong theo 2 phuong X, Y trén ban
may CNC. Bdng co theo phuong X
chuyén dong mo cat dong thoi dong
co M1 qua tryc vitme - dai ¢ dan
hudng, dich chuyén hé théng dau cit
theo phuong quy dao cit ciia phoi.
DPong co theo phuong Y két hop theo
huéng X giup di chuyén chum tia
laser hoi tu nhd hé thong guong
CNC sinh ra vét cit. Ban may co tac
dung gitr phoi. Tur d6 chum tia laser
s& di chuyén theo mot phuong va chi
tiét duoc gia cong duogc dinh vi trén
ban may dé tao ra hinh dang vét cat.
Phuong an nay, d§ chinh xac trong
chuyén dong cua dau cit laser theo
truc X, Y thap hon phuong an 1. Day
dai nhanh gian, mon do khi hoat
dong luc cang day kha lon. Tuy
nhién gid thanh may giam, day dai
rang dé kiém, ré.

3.2.3. Phuong an 3: Sw dung dai
rang va hé con truot thanh truot bi
trong truyén dong.

; -

Y B
2 - 1 _ /j-[ i
— — ]

M1

1 —dong co bucc 5 — con truieot bi
2 —dai rang
3 — puli rang

4 — thanh trueot X

6 — cum dau cdt
7 — khung
8— ban mdy dat phéi
Hinh 5. St dung dai rang va hé con truot
thanh truot bi trong truyén dong.
Hinh 5 md ta nguyén ly dan
dong ban may sir dung bo truyén dai
rang két hop hé con truot bi. Cum dau
cit chuyén dong theo truc X va'Y. H¢
théng st dung 3 dong co cho cac
chuyén dong truc X,Y. Pong co trén
truc X truyén chuyén dong qua hé
thong puli dai, sau d6 truyén chuyén
dong t&1 cum dau cit, déng thot1 hé
théng thanh truot con trugt hoat dong
dé dan hudng va ting do chinh xac
khi cum dau cét hoat dong. Bong co
trén truc Y truyén chuyén dong qua
hé théng puli dai truyén chuyén dong
cho ca hé chuyén dong trén truc X
(dong co va ca hé dan dong). Hé
truyén dong trén truc X ciing duogc
dan hudng bdi hé thanh truot con
trugt nham tang do chinh xac khi gia
cong chi tiét. Phuong 4n nay, do
chinh xac trong chuyén dong cta dau
cat laser theo truc X, Y cao hon
phuong an 2. Lyuc cang day dai va luc
ma st can tré chuyén dong cua dau
cat dugc giam nhiéu do nhd viée bd
tri thém hé con trugt thanh truot bi.
Gia thanh mdy cao hon so vdi
phuong an 2 khong nhiéu.
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3.2.4. Phuong an 4. Sur dung dai
thang, vitme trong truyén dong.

\W\f

o=

1 —dgng co budc 5 — dai ring
2 — dai rang 0 — truc vitme Y
7 — khung

4 — thanh truot X 8 — ban mdy dat phoi

3 — puli rang

Hinh 6. St dung dai thang, vitme

trong truyén dong.

Hinh 6 md ta nguyén ly dan
dong sur dung dai thang, vitme. Ban
may ding yén va dugc xac dinh vi tri
tr ddu qua trinh cit, cum dau cat di
chuyén theo huéng X, Y 1a chuyén
dong cit cua may. Phuong 4n nay, do
chinh x4c trong chuyén dong cta dau
cat laser theo truc X,Y khong dong
déu do lua chon 2 phuong an din
déng khac nhau nhiéu. Khé khin
hon trong qué trinh thiét ké, ché tao
may. Gia thanh may cao hon cac
phuong an 2,3.

T bdn phuong an doéng hoc
may da thiét ké. Tac gia da lya chon
phuong 4an dong hoc tdi wu cho may
la phuong &4n 3. Tac gia da tinh toan
thiét ké dong luc hoc, lga chon
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duoc dong co, cac bo truyén co khi
va cac chi tiét may.

Ciu tao cua 6ng phong CO,
nhu hinh 7. Cac phan tir CO; phat ra
anh sang laser. N6 gdm 1 nguyén ti
cacbon va 2 nguyén ta Oxi, tao
thanh mot chudi lién két véi Cacbon
& gitta hai nguyén ttr oxi. Néu phan
tr bi kich thich chung s€ dao dong.
Céac cap d6 dao dong khac nhau tuy
vao muc ning lugng duoc cung cip
gdm nhiéu muc téc do.

12
ﬁ\A( ‘ A
—(]:”‘“"4
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Hinh 7. Cau tao cum ong phéng laser CO:

1- Vong lam mat; 2- Pau vio
nwoc, 3- Ong khi truc trang; 4-
Guong dau ra laser; 5-Vong lam
mat nwoc, 6- Dién cwc am(-); 7-
Cwa xa nwoc. 8- Ong nwoc lam mat;
9- Ong xa, 10- Khi;
dwong(+); 12 Guong phdn chiéu

11- Dien cuc

toan phan.

Lya chon cum 6ng phong CO,
dé tao ngudn cit cho may co thong
s6 ky thuat duoc trinh bay trong
Bang 1.



Bang 1. Bing thong s6 k¥ thuit éng

phong Laser CO;
Théng sb Gia tri
Chiéu dai 700mm
Duong kinh 50mm
Cong suit 40W
Chiéu sau cit < 5Smm
Budc song 10,6pum

Thau kinh hoi tu (hinh 8) co
nhi€ém vu hoi tu chum tia laser duoc
phat ra tir dng phong laser thanh mot
diém c6 duong kinh nho nhét va cudng
d6 manh nhit nham xuyén thung vat
liéu can cat. Thu kinh hoi tu c6 thong
) ky thuat : Ti€u cu: 38,1 mm hoac
50.8 mm; d day: 2mm; duong kinh:
18mm, 20mm, 25mm.

oy
T

i :
= =

Hinh 8. Thau kinh héi tu cia
May CNC Laser CO:

Véi may gia cong laser CO;
guong phan xa toan phan (hinh 9) ¢
y nghia rat quan trong. Birc xa laser
duoc hoi tu bang cac thau kinh hoi
tu duoc ché tao tir Ge hodc ZnSe va

co tiéu cu: 65, 100,127, 150, 200 va
250 mm. Véi dai ti€u cy nay ta co
thé thay ddi dudong kinh vét hoi tu
va d0 sau hoi tu cua buc xa thuc
nghiém, dau gia cong dugc thiét ké
lip ghép co quang thong thudng, cd
thé kéo dai hodc thu ngén kich thuéc
dau gia cong lai.

S~
£

Hinh 9. Vi tri guwong phan xq trén
May CNC Laser CO;

Thong s6 ky thuat: chit liéu
Molypden; loai mat: N <2; khau do: >
95% Kich thudce; goc toi: 0°, 15°, 30°,
45°; dung sai chiéu day: + 0.2 mm; phan
xa: > 98%.

Lua chon b truyén dai, voi
day dai rang dé truyén chuyén dong
tr dong co dén co cdu mang theo
dau cat laser dich chuyén theo cac
chiéu X, Y (Hinh 10). Thong sb dai:
Médun m = 1,5 va budc rang p =
4,71; Chiéu rong dai ring b = 10
mm; S6 ring cua dai ring 1a 302
rang. Banh dai chu dong va bi dong:
zZ1 = zp = 20 rang. Lya chon vat
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liéu 1a nhém dinh hinh kich thudc
40x40 dé lam khung may (Hinh 11).

i‘ &
WY <
3 \g‘f

Hinh 10. Ddy dai rang va nhom dinh hinh
40x40 [6]

Trén co so tinh toan cong suat
hoat dong ctia mdy, viéc di chuyén
dau cét theo céc truc X, Y s& dugc
cung cip chuyén dong boi dong co
budc. Chon dong co DCI12-24V
23KM-K351-G2V véi cac thong sb:
vong quay n = 12 vg/ph s€ trng v6i mo
men tdi da cta dong co dé tai duogc
~0,6 Nm. Tac gid chon con trugt va
thanh trugt vuong cho may va cac chi
tiét lap ghép, gia d& éng phong. ..

May dugc thiét ké c6 dau cit
chuyén dong tinh tién theo cac truc
X, Y (Hinh 11). Ban may d& chi tiét
gia cong cb dinh.

Hinh 11. Hé dan déng ciia mdy
theo truc XY
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4. HE THONG PIEU KHIEN
MAY CNC LASER CO;

4.1. So d6 théng diéu khién may

Dé két ndi didu khién May CNC
tac gid lya chon board Arduino Uno R3
str dung mot vi didu khién Atmega328
1am 6 xir Iy trung tAm, phin mém lap
trinh IDE 1.6.8 (Hinh 12).

Arduino IDE

Hinh 12. Board mach Arduino Uno R3
s dung chip Atmega328 [7]

Arduino UNO c6 14 ng6 1/0 digital
va 6 ngd I/O Analog dung dé doc hoic
xudt tin hiéu. Cac ngd D 0, 1, 2, 4, 7, 8,
13 ¢6 2 muc dién ap la OV va 5V voi
dong vao/ra t6i da trén mdi chan 1a
40mA, ngoairacacngd D 3, 5, 6, 9, 10,
11 1a cac cong bam xung. O mdi ngd /O
déu c6 cac dién tré pull-up tir duoc cai
dat ngay trong vi didu khién
Atmega328P.

4.2. Piéu kién may

Driver diéu khién bong laser
CO: (Hinh 13)



O

Bom khi
H L P GDMIN SV auhl )
(11X ] {11 X ] DG
I i l???ﬁ"\ ‘ l - il H. Tin hiéu ra cao
JEL L. tin hiéu ra thép
) L oo P bom khi
IN tin hiéu diéu khién cong suét
5v dau ra

Hinh 13. Drive diéu khién béng Laser CO>

Hé thdng diéu khién nguén May CNC (Hinh 14).

I FG (cang cip nang hroug va

bao boc cia iy laser)

m [ oo [ ow | ¢ | 9w | w
‘ Phat hién e
o
Pieu khién laser bang tay
Kitm soat inh shng mire cao "G

Control Board

(—

Hé thong miy tink

Be nghi ket udi -1

ien Lhién din ra
un phat hien wwdc

"} of &
Bien khien Inver bang tay

0~EV tin hifu twromg tw vi
SV tin hitu PWM khuéch

ISR

y

dai (f > 20KHz)

it soat anbi sing mic a0 G Didn khifn cong sudt Laser

Control Board

(—

Hé thing may tinh

Hinh 14. So' do6 hé thong diéu khién nguon
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Driver TB6600 sé& nhan tin hiéu
tir Arduino dé diéu khién dong co dan
dong cac truc X,Y (Hinh 15).

DIR-
ol I S
Drivery ™ Szt
1] ©
:- F——
i} =1 —J
vee | f
DC: 9~a2v
L% ARDUINC |
UNO R3
PC
o
on | S i -
[rem—

Drier X

..
oo
- _l_‘Dc: 9~d42v

Hinh 15. So do két néi Driver TB6600
s€ nhan tin hiéu tir Arduino

Hinh 17. Lép rdp ong phéng laser CO>
va cdc phan tir ciia hé thong diéu khién

Thiét lap trong phin mém
LightBurn va két ni phan mém GRBL
duoc lya chon dé didu khién méy ciing
nhu hiéu chinh G-code va cac ché do cat
dé thyc hién qua trinh gia céng. Thur
nghiém ding may dé cit vat lidu gb 2
mau: mau 1 14 hinh vudng c6 thudc thiét
ké 101x78x2mm, mau 2 1a mot duong
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5. CHE TAO VA THU
NGHIEM MAY

May CNC laser CO, dugc tién
hanh ché tao cac chi tiét, lap rap tai
xuong thuc hanh Truong Pai hoc Hai
Phong. Cac budc ché tao nhu cac hinh
16, hinh 17.

Hinh 16. Ldp rdp hé thong dan déng truc

X, Y, gwong phan xa va cum dau cat Laser
Mdéy CNC lase CO; dugc hoan

thanh (Hinh 18).

Hinh 18. Tong quan Méy CNC Laser CO:
sau ché tao

tron ¢6 dudng kinh ¢100. S6 lan thyc
nghiém twong tmg véi mdi mau 1a 10
1an. San pham sau khi gia cong xong 10
mau hinh chit nhat c6 kich thudc trung
binh 1a 101,02x78,02x2mm, 10 mau
hinh tron c6 duong kinh trung binh 1a
$80,05mm. Két qua dugc md ta trén
Hinh 19.



101

78,02

Hinh 19a) M6 hinh kiém tra Hinh 19b) San phiam gia cong
Hinh 19. M6 hinh thiét ké va san phdam gia cong thir nghiém trén mdy

Két qua cho thiy ring déi véi hién nhié}l hon. Tuy nhién ké ca dbi
nodi suy theo dudng thing ciing nhu Vo1 sal sO nay, thi‘cﬁng da dam bao
dudng tron (2 loai duong phd bién do chinh xac yéu C?lu cua may khi gia
trong gia cong) déu dat do chinh xac cong nhitng ‘Chi ti€t nho, trung binh,
sau dau phiy 2 con sé (kha chinh khongy€ucaudo chinhxac cao. Mot
xac). Pbi voi duong tron do viée noi s0 san pham khac dugc cat, khac trén

suy kho khin hon nén sai sé xuit may (Hinh 20).

Hinh 20. San pham gia céng trén may da thiét ké

Cac thong s k¥ thuat chinh ctia may in da ché tao nhu Bang 2:

Bang 2. Thong s6 k§ thuat ciia may

Diic tinh ky thudt Théng sé
Kich thudc bao cia may 980x%920x400mm.
Kich thudc ban ga phoi 340x340 mmm
Vit liéu may co thé cit, khic Go, da
Chiéu day vat liéu cat 12,5 mm
Sai 1&ch khich thuéc khi cat 0,2 mm
Ngudn dién sir dung 220 (V)
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6. KET LUAN

Téc gia da trinh bay mot s két
qué nghién cru thiét ké va ché tao
may CNC laser CO; st dung trong
gia cong cit, khic cac san pham gd,
da c& vira va nhé. Phan mém GRBL
duoc lua chon dé diéu khién may
ciing nhu hiéu chinh G-code dé
thuc hién qua trinh gia cong va vi
diéu khién Atmega 328P dé lam b6
diéu khién mdy. Do phan mém diéu
khién kha thong dung nén vdi noi
dung han hep cua bai bdo nay tac
gia da khong trinh bay vi khong lam
thay d6i ham luong khoa hoc cua
bai bao.

Két qua thir nghiém gia cong
mot s6 san pham cho thdy may dam
bdo d0 chinh xac theo dung yéu
cau. May dé van hanh, thuan loi
trong di chuyén, dé bao tri va bao
dudng. Két qua kiém nghiém cho
thdy két cdu du bén, dang tin ciy.
Cit, khic duoc cac vat phém trung
bay, d6 luu niém theo hinh thiét ké
ban dau. San pham khic rd nét, bién
dang san pham cat min. Kich thudc
tbi da may co thé gia cong
340x340x2 mm.

Viée toi uu ché do cit, cong suét
cit dé dam bao chéat luong cao hon
ciia san pham tic gia s& trinh bay
trong cac nghién ciru tiép theo.
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