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TOM TAT
Cong nghé laser tuy dwoc hinh thanh tir khd som (khoang 1965~1967) nhung viéc ing
dung trong cong nghé ché tao (khoan, cdt, khac han, nhiét luyén,..) thi chi phat trién va tre
nén phé bién & nhitng ndam sau nay va cé thé xép vao nhdm cac cong ngh¢ gia cong dac bi¢t
(phi truyén thong) Hién nay, ¢ Viét Nam, cong nghé laser dang phat trién nhanh va dwoc ing
dung trong nhiéu nganh nghé khdc nhau nhw co khi, trang tri ngi that va y hoc. Tuy nhién,
viéc nghién cizu-ché tgo nhiing thiét bi ing dung cong nghé laser van chua dwoc dau tw dé
ddp 1ng Vi nhu cau thuc té nhuw khdac bé mat gé, mica, dwa hdu va cac chi tiét co bé mdt tron
xoay. Vi vdy, may khic CNC 4 truc dva trén ing dung cua Laser €O, da duoc dé xudt nghién
ciru dé glal quyet nhung nhu c4u trén. Bai bao trinh bay cac két qud phat trién, hoan thién
thiét ké-ché tao may khdac CNC Laser CO, 4 truc. Véi cum truc A dwroc phét trién dé khdc cac
chi tiét co bé mat tron xoay va cum truc Z dé diéu chinh khoang cach ban may véi dau laser.
Thiét bj 1zng dung phan mém Benbox dé diéu khién trong viéc khdic bé mat cac san phdam luu
niém trén nén vt liéu mica, gd, bé mdt dua hdu va cac chi tiét tron xoay. Ngoai ra, may khdc
CNC Laser €O, 4 truc sé phuc vu cho cong viéc giang day, nghién cizu va hoc tdp cua giang
vién va sinh vién cho mén may va hé théng diéu khién so.

Tir khoa: may khac Laser; CNC; khdc diea hau; birc xa CO,, 4 truc.
ABSTRACT

Although the laser beam technology was introduced for ages (around 1965-1967), its
application in manufacturing technology (drilling, cutting, engraving, welding, ..) has developed
and become popular recently. In fact, this manufacture method can be classified as a special
processing technology (non-traditional). Over the past few years in Vietnam, laser beam technology
has advanced rapidly and been applied in a range of industrial fields such as mechanics, interior
decoration and medicine. However, research and manufacture work on laser equipment has not
been sufficient to meet the actual demand for engraving wooden mica, water melon and cylindrical
component surfaces. As a result, the 4-axis CNC engraving machine based on the application of
Laser CO, has been proposed to address these issues. This paper presents the results of design
development and manufacturing of a 4-axises CO, laser engraving CNC machine, with A-axis
mechanism for engraving cylindrical parts and Z axis for adjusting the gap of laser-head and work-
piece automatically. The equipment applies Benbox software for running code to engrave onto the
surface of mica, wooden souvenir products, watermelons and cylindrical components. In addition,
this machine is used to support students and lecturers in their learning, teaching and researching
activities in the “Machines and computerized numerical control ” course.

Keywords: laser engraving; CNC; watermelon engraving; €O, radiation, 4-axises.
Doi: https://doi.org/10.54644/jte.66.2021.1063
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1. GIOI THIEU

Cong nghé Laser di ra doi tur gitra thé ky
XX va dang phét trién rong rdi & nhiéu linh
vuc trong cong nghiép. Vi tinh tng dung
cao, cong nghé Laser da c6 rat nhiéu cong
trinh nghién ctu trong nhiéu linh vuc khac
nhau tir co khi, y hoc, hang khéng,.. [1-3].
Trong cdng nghé ché tao, may CNC sir dung
cong nghé Laser la phuong phap gia cong
hién dai va dang dwoc nghién ctu, phat trién
[4-5]. Tuy nhién, & Viét Nam chua c6 nhiéu
cdng trinh nghién ciu vé céc loai may cit,
khac ung dung cong nghé Laser. Vi vay, viéc
nghién ctu thiét ké va ché tao may CNC tng
dung cong nghé laser phuc vu cho san xuit,
nghién ciru va hoc tap & trudng dai hoc 1a can
thiét. Trén thuc t& nhu cau khic hoa van
trong nganh my nghé¢ 9o hay khic dua hau,
d6 luu niém rat pho bién hién nay. Tuy
nhién, cac thiét bj cat, khic Laser da sé duoc
nhap tr nudéc ngoai vaoi chi phi cao nén
khong phd bién o Viét Nam. Do vay, may
khic CNC Laser 4 truc khic tranh trén g,
bng tron xoay va khic dwa hau trung bay vao
dip tét co truyén duogc dé xuat phat trién thiét
ké, ché tao va thir nghiém. Bai bao trinh bay
cac két qua nghién cau, thiét ké va ché tao
may khic CNC Laser 4 truc dugc thuc hién
tai Khoa Co Khi Ché Tao May, Truong Dai
Hoc Su Pham K§ Thuat TP. H6 Chi Minh.

2. MO HINH THIET KE MAY KHAC
CNC LASER CO,

2.1 Nguyén ly, wu nhwoce diém cia may
khac, cat CNC laser CO,,:

* Nguyén ly may cdt, khdic laser CO5:

May cat, khic CNC Laser sir dung cong
nghé Laser CO,, mdt chum tia nang lugng
cao dugc sinh ra boi ng phong laser s& dugc
tap trung trén bé mit chi tiét gia cong nhod hé
théng thau kinh. Chum tia nay dét ndng vat
liéu va tao nén mot vung vat liéu néng chay
cuc bo, thuong c6 duong kinh nho hon 0.5
mm.

Phan vat liéu nong chay bi day ra khoi
vung gia cong boi mot dong khi ¢ ap luc
cao, dong truc v6i chum tia Laser. Di Voi
mot sb loai vat lidu thi dong khi nay 1am ting

téc qué trinh cit boi cac tac dong hda hoc va
1Y hoc.
* Uu - nhwoc diém ciia may cdt, khdc laser:

Cong ngh¢ gia cdng nay co nhitng uu
diém vuot troi hon han so véi cac cong nghé
gia cdng truyén théng khac:

+ Nang suat rat cao.
+ Toc do gia cong nhanh.

+ Chét lugng gia cong bé mit dep, cho
veét cat nhd gon va khong can gia cong lai.

+ Khéc duogc trén nhiéu loai vat lidu ké
ca kim loai va phi kim.

+ Do chinh xé4c cao, dam bao sy dong
deu cta cac san pham hang loat.

Tuy nhién, may khéc laser CO, van ton
tai mot s6 nhuoc diém: hé théng thiét bi, may
khac laser kh& phuc tap nén gia thanh cao,
ngudi dung khé 1am cha céng nghé thiét bi,
khong phl hop véi mot sé san pham yéu cau
phat sinh it nhiét tai bé mat can gia cong.
Thém vao do, tia laser gia cong kém trén mat
s6 kim loai c6 tinh hip thu nhiét tét
nhu: d6ng, nhém, va khdng cét duoc vat liéu
c6 do day lon.
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* H¢ thong cdp laser:

Laser CO2 la mot loai laser khi. Trong hé
théng nay, dong dién dugc cip qua mot 6ng
chura cac khi xdc tac, tao ra tia sng. Tia sang
phét ra tir dau 6ng lan lugt di qua cac guong:
gém hai guong phan xa va cudi cung la
guong hoi tu dé khuéch dai cuong do tia
laser. H3n hop khi xuc tac thuong bao gom
carbon dioxide, nito, hydro va helium.

Tilting mirror [

. Laser
(vertical) bean . -
T

Tilting mirror 11
(horizontal)

Focusing
lens

Tilting mirror II
(vertical)

Hinh 2. M hinh hé théng cap laser.
2.2 H¢ thong truyén dong
2.2.1 Hé théng truc X, Y ddn déng

Hinh 3. M hinh thiét ké cum truc X, Y dan
dong

Hé thong truc dan dong XY 13 co cau
quyét dinh sy chinh xé&c cua may. Hé théng
ndy can phai cang viing dé truyén chuyén
dong chinh xac theo hai phuong X va Y. Dau
laser dugc lap trén tryc Y va chuyén dong
tuong ddi S0 v&i ban may dé tao ra bién dang
cit mong mudn. Truc Y va truc X can duoc
gia cong va lip réap chinh xac. Sau lip rép
can dung dong hd so dé kiém tra do vudng
g6c & ca bdn géc 1am viéc trén ban may.

2.2.2 Hé théng chuyén dgng tron xoay X-A

Hinh 4. Md hinh thiét ké cum truc X, A dan
dong.

Hé thong chuyén dong tron xoay X-A la
mot co cdu quan trong quyét dinh do chinh
X&c cua céac chi tiét tron xoay. Bé cum X-A
hoat dong, dau laser can di chuyén dén vi tri
duge xac dinh truéc va di chuyén cing
phuong véi truc quay dé tao ra bién dang
theo yéu cau. Khi cum X-A hoat dong, truc Y
ciia may s& bi khoa. Pau laser Iic nay vudng
v6i tdm truc quay. Bo vubng goc nay sé
quyét dinh d6 chinh xé&c gia cong nén can
duoc ra ga kiém tra doc theo tdm xoay cua
truc A khi 13p rap.

2.2.3 Cum ban nang tuw dong
LU

Hinh 5. M@ hinh thiét ké cum ban nang
tw dong

Pay 1a mot phan quan trong khong kém
trong may, ban nang tu dong gidp tuy chinh
d6 cao va ha thip dé phu hop voéi ting loai
san pham va mong mudn cua ngudi dung.
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Tuy thude vao kich thudc cua phoi can khic
hodc cét, chiéu cao cua ban lam viéc co thé
duoc didu chinh dé dat duoc do dai tiéu cy
cua phéi (5 mm - 10 mm).

2.3 Cum khung may

Phan khung may can ciing viing dé dam
bao may hoat dong 6n dinh, tranh hién tuong
rung lic gay ra sai s6 khién san pham khéng
dat yéu cau, khdng mang tinh tham my nhu y
muon.

Binh thuong, cac may cong suat 40W
ngoai thi truong thuong cd phan lam viéc
nho, hep; chiéu cao ban may chi da nang ha
khoang 30 mm dé khic, cat gd, mica. Dé
khic duoc cé&c loai trai cAdy nhu dwa hau,
budi, dira va cac 6ng hinh tron xoay nhém
nghién ctu da dé xuat thiét ké khung may
cao hon va phan lam viéc rong hon. Duéi
day 1a moé hinh khung may 3D trén phan
mém Inventor Professional 2018:

Hinh 7. Md hinh thiét ké tong thé ciia may.

2.4 Tinh chon dng co budc truyén dong

- Bé chon dong co phu hop v6i ché do
lam viéc cia mdy, momen quan tinh, momen
xodn tai va goc budc cua dong co can duoc
xé4c dinh. Ta tién hanh tinh chon dong co trén
trucY:

+ Tryc ra ciia dong co dwoc gan véi pulley GT2
bang nhoém c6 duong kinh dp = 12.5 (mm).

+ Khéi lugng dit 1én dai tai la W = 3 (kg).
+ Luc tac dong bén ngoai Fext = 0 (N).

+ Hé sb6 ma sat truot u = 0 vi vat dit 1én dai
co dinh, khéng c6 su truot.

+ GOc léch gita 2 truc 8 = 0.
+ Hiéu suit gitra dai va pulley e = 0.8

+ Do phan giai mong mudn Ly = 0.0254
(mm/budc).

+ Ti I8 giam toC: | = reVmotor/ reVgearshatt = 5:1.
+ Hanh trinh di chuyén Diotar = 400 (mm).
+ Thai gian di chuyén ti = 4 (S).
+ Thoi gian tang toc dong co
taccel = 25 % trotal = 1(5).
Faravity

W

Hinh 8. M6 hinh phan tich luc step motor
- Xdc dinh dg phan gidi can thiét cua tai:
Ostep = (dioad + 1) + Ly (1)
=(mxdp+i)+Lg
=(3.14x12.5+5) +0.0254
~ 309 budc/vong
- Xdc dinh bién dang chuyén dong:
+ Tong xung can thiét dé di chuyén la:
Ptotal = [Drtotal = (Cioad * 1)] X Ostep 2
= [400 + (3.14 X 12.5 + 5)] x 309
~ 15745 (xung).
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+ Tan s chay cho chuyén dong hinh thang:

F = [Protar—( Tstart.tramp) ]+ (ttotal — tramp) 3)
~ 5248 Hz VoGi: fstat = 0

- Ta c6 tdc do vong quay ctia motor la:

n =5248 x 60 + 309 = 1019 (vong/phut).

- Xdc dinh momen xodn can thiét:

- Ta c6 cong thuc tinh tong quan tinh:

Jiotal = Jmotor+Jgear+ [(qulley+JW) - iz] (4)
Véi: quan tinh hop s bang 0
w=[W=(gxe)]xr ()

= [3 + (9810 x 0.8)] x 6.252
~ 0.015 kg.mm.s?

Joulley = [(mx L x p x 1) = (29)] x 2 (6)
= [(3.14x16 x 222 x 6.25%)+(2x9810)]x2
=0.00002 (kg.mm.sz).

(Jpulley+JIw)+i% = 0.0006 (kg.mm.s).

- Momen xoan can thiét dé tang toc quan
tinh:

Vay Jiotal =

Tace = Jtotal X (N + tacc) X 0.1 [5] (7)
=0.0006 x (1019 + 1) x 0.1
= 0.06 (kg.mm).
Twn =0.
- Momen xo4n can thiét ctia motor la:
Tmotor = Tace + Trun = 0.06 (kg.mm) (8)

Tuy nhién, day 1a momen xoan can thiét
trudc khi chon motor va bao gom quan tinh
motor.

T cac théng s6 di tinh toan trén, ta
chon motor STP-MTR-17048 thoa duoc cac
yéu cau da tinh.

Ratio = J(pulley + load) to motor + Jmotor 9)
= 0.0006 = 0.07 X 100
9810
=0.84.

Ratio = 0,84 < 10, thoa c4c yéu cau tinh toén.

Do tai trong trén truc X nho, va dé dam
bao su dong bg, thong nhat ta chon loai dong
co budce tuong tu nhu ¢ truc Y cho truc X.

2.5 Tinh toan chon dong co cho A-axis

: )

Hinh 9. Phan tich chuyén dong truc quay
Cong thirc tinh cdng suét tryc chinh:

P=Tsx—2
9,55

(10)
Trong do:

P: Cong suat dong co (W)

T: Moment xo0an truc dong co (Nm)

n: Toc do quay can thiét (vg/p), chon n = 600

(v/p)

- Xac dinh momen dong lugng trén truc motor

T = Menyck Tehuck -0+ Mypiece Twpiece -0 (11)
=3.0.052.62,8+3.0.032.62,8 = 0.64 (Nm)

Vi

Menuce = 3 (Kg): khéi lugng mam cap

Myorkpiece = 3 (Kg): khdi luong phdi gia cong

Tenuck=0.05 (m): ban kinh mam cap

Twpiece= 0.03 (M): ban kinh phoi

o= 62,8 (rad/s): van téc goc ~ 600 (v/p)

- Do hé théng tmyén dong sir dung khop ndi,

nén mdé-men xoan trén truc dong co dién hién

duogc tinh theo cong thuec:

Te=T*1,7 (12)
T;=0,64.1,7=1,1 (Nm)
=> P = Tf * 9713 (13)
P=1,12-60W

9,55

- Chon dong co voi n = 3000 (vong/ phut),
P =80W (Model : 60BLF-0830NBB)
26 Mo phéng phin tich ung suit,
chuyén vi
Viéc kiém tra bén két cdu khung may

duogc thuc hién bing cach dwa cac thong sb
tinh todn vao cobng cu Stress Analysis cua
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Inventor. Két qua phan tich ang suét va bién  3.1.2 Nguon cdp laser
dang dugc thé hién nhu hinh 10, 11.

Hinh 13. Bé nguon Laser.

_ Téc dung: Cép dong dién cao &p vao 2
dau ong phéng laser, ket hop vei khi CO,
trong ong phdong phat ra chum tia laser.

3.1.3 Board diéu khién

Hinh 10. Phan tich i#ng sudt cia khung may
trén inventor 2018.
Két qua phan tich cho thay:
Ung suat: o,,,,= 4,588 (MPa) < [c]= 207
(MPa).
Do d6 két cAu dat yéu cau diéu kién bén.
e -1 Hinh 14. Board diéu khién MKS.
f | B Phan mém st dung: benbox, GRBL
controller.
3.1 Cac phan tir hd tro
3.2.1 B¢ loc nhiéu

Hinh 11. Phan tich chuyén v; ciia khung may
trén inventor 2018.

Két qua phan tich cho thay:

Chuyen vi: A,max :;0’0361;8 (mm) < [A]:O’].' Hinh 15. Module chong nhiéu
(mm). Do d6 chuyén vi nam trong pham vi . R
cho phép. Tac dung: Loc cac xung dién ap gay

) i A . . . nhidu cac thiét bi, sir dung cho cac bo ngudn
3. HE THONG DIEN DIEU KHIEN VA xung.

CAC PHAN TU KHAC CUA MAY.
3.1 Cic thanh phan diéu khién
3.1.1 Module relay 5V

3.2.2 Bom cdp nwéc

Hinh 16. Bom cdp nwéc 1am méat cho éng
Hinh 12. Module relay 5V. phong laser

Téc dung: kich nguon laser gian tiép qua Khi hoat dong, éng laser duoc cAp dién
bo diéu khién, (;,iam bao an toan cho nguon v hai dau anode va cathode, phong ra tia
laser khi c6 su co. laser va sinh nhiét. Ong laser bang thuy tinh



Tap Chi Khoa Hoc Gi4o Duc Ky Thugdt Sé 66 (10/2021) 33
Truong Dai Hoc Sw Pham Ky Thugt TP. Hé Chi Minh

néu khong duoc 1am mat s& v do cac phan tir
gidn né vi nhiét. Bé dam bao tudi tho str dung
cua ong laser, nudc lam mat ludn phai dam
bao dugc bom tuan hoan qua dng phong, mot
van dong nuéc s& dugc ndi giita day nguon,
khi khong c6 nuéc bom vao bng phong,
ngudn s& khdng cap dién cho 4ng phong.
4. PHAN MEM DPIEU KHIEN
4.1 Phian mém lap trinh

Benbox 1a phan mém véi ma ngudn mo,
cling voi giao dién va tinh ning dé sur dung.
Vé6i Benbox, chi can dua hinh anh minh
mudn khac, cit, phan mém sé& xir Iy va dua ra
cac G-code tuong rng.

............................................................................

(o]
(o]

Hinh 17. Giao dié¢n phan mém diéu khién

Giao dién phan mém diéu khién rat truc
quan, dé st dung. C6 cac tiy chinh cho téc
do, cuong d9, thoi gian, budc dong co,
phuong thirc chay dao tng cho ting loai vat
liéu va phuong phap gia céng. Sau qué trinh
thir nghiém, nhém nghién cau da chon ra
nhitng thong s pht hop cho ra nhiing san
pham dat chuan nhu bang duéi day:

Bdng 1. Bang thong so cai dait

Value
Parameter Cuting £ .
(Wood, Mica) ngraving
Low light 16 0,2
Intensity 255 1
Speed(m/s) 300 5000
Time(s) 1 0,2
Step 10 20

~ Ngoai ra c6 rat nhiéu phan mém khéc co
thé dung d¢ lap trinh nhu: GRBL, Xloader,
mdraw, inkscape,...

4.2 So dd diu néi.

Dé cap nguon, diéu khién va chay thir an
toan ta tién hanh dau day nhu hinh 18:

+ Bién tro (Intensity volume) dugc mic
riéng ra panel diéu khién dé dé dang diéu
chinh cuong do laser ngay ca khi dang tién
hanh gia cong.

+ Nut TEST ciing duoc d4u riéng dé kiém
tra cuong do hay kiém tra hé thdng guong van
6n dinh va an toan cho ngudi sir dung.

r—j_L L
5]
|G|
24
D— d
| INTENSITY
5 VOLUME
T —=o0m
LASER POWER ¢ ‘FI
LASER SUPPLY  [t]
TUBE 3 TEST
—] BUTTON
G
lacH
lac]
- =
G
&l
12VDC
LASER CONTROL BOARD ©ODC- NC O
LASER sv GND j HODC+ COMGH+—
0] ® (? LOIN NO O
L ’7 SOLID STATE
RELAY

Hinh 18. So do ddu néi mach diéu khién
5. CHE TAO VA THU NGHIEM

May khic laser CO,, da dugc ché tao
thanh cong, nhu hinh 19.

-—

, Co2 LASER
ENGRAVING NMACWNE

=
®

7

Hinh 19. May khic CNC laser CO,, sau khi
ché tqo.
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vét hoat hinh trén tim g20; bé mat mica; khéc
trén bé mit 2 qua dua nhu hinh anh trén. Két
qua thu dugc hinh anh dugc khéc dep mét,
sdc nét, tuy nhién can phai thir nghiém thém,
t6i wu hoa thong sb cit dé nang cao chét
luong hinh anh khic.

Hinh 20. Khdc logo khoa Co khi Ché tqo
may trén go.

Hinh 24. Khdc chi trén bé mdt vt ligu
composite.

B e e S I e \
Hinh 21. Nhan vt hoat hin

Hinh 25. Khdc dnh trén bé mat go

Hinh 22. Khac logo trieong PH SPKT TP. Panh gia qua trinh gia cong thir nghiém:

HCM tren mlf:a' Tién hanh khic anh trén bé mit gd nhu

hinh anh trén. Két qua thu duoc hinh anh ¢
dd dam nhat r0 rang, mac du vay van can
nghién ctru thém, chinh sira anh ki hon dé
don gian hoa duong nét trude khi khic.

Hinh 23. Khdc logo ruong DH SPKT TP.
HCM va chu trén dwa hau.

Panh gia qua trinh gia cong thir nghiém:

Tién hanh khéc logo khoa co khi ché tao
may, logo PH SPKT HCM, chi, cdc nhan

Hinh 26: Khdc tén 1&n bé mdt gé lam méc khda
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Hinh 28: Khdc tén va logo Ién binh giz nhiét g

Panh gia qua trinh gia cong thir nghiém
trén cac chi tiet co be mat tron xoay:

May khic duoc cac chi tiét tranh va chir
c6 duong kinh nho hon 60 mm. Hinh anh thu
duoc 10 rang, c6 do chinh xac cao. Mac du
vay van can cai tién dé tdng duong kinh mam
cap va tang toc do cua may dé tang nang suat.
Pinh gia sai s6 gia cong clia may:

Tién hanh cat 20 tAm gd 20x20 (mm) dé
ki€m tra kich thudc theo 2 phuong X, Y:

Hinh 29: Mdu the

Bdng 2. Bang gia tri kich thuéc XY cua 20
mau ther (mm)

Mau 1 2 3 4
x)Y) 20x20 |20x20,01 |20,02x20 | 20,01x20
Mau 5 6 7 8
(X,Y) ]20,02x20 | 20,01x20 | 20x20,01 | 20,02x20
,02
Mau 9 10 11 12
(X,Y) |20x20,01|20x20,01 | 20,02;20 | 20,01x20
Mau 13 14 15 16
(X)Y) |20,01;20 | 20,01;20 | 20;20,01 | 20,02x20
Mau 17 18 19 20
(X)Y) ]20,01x20 | 20x20,01 | 20,02x20 | 20,01x20

Dua vao két qua khic thir nghiém 20
mau go theo 2 phuong X, Y: may CNC laser
dat do6 chinh xac 0,02 mm.

6. KET LUAN

Bai béo trinh bay céc két qua nghién cau
phaét trién thiét ké va ché tao may khiac CNC
laser CO, 4 truc cho bé mit gd va dua hau,
bé mit cac chi tiét tron xoay. Ngoai ra cum
truc A dugc tich hgp va hanh trinh truc Z
duoc cai tién dé mo rong khdng gian lam
viéc va kha niang cong nghé dé c6 thé khic
trén nhiéu vat thé co kich thuéc khac nhau.
May da duoc ché tao thanh cong va chay thu
dat két qua tot:

- Khéc hinh anh tinh xao, rd rang trén gd.

- Cit duogc cac tam gd, mica véi do day
phu hop.

- Khic hinh anh dep, rd nét trén bé mat
dua ciing nhu cac loai tréi cay trung bay khac.

- Khic duoc trén nhiing chi tiét co bé
mat tru tron, bé mat go nhya va mica.



- Téc d6 khic va do chinh xac dugc cai - Nang cap hé thong lam mat gilp tang
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tién thdng qua thuc nghiém. ning sudt lam viéc ciing nhu tudi tho cua

- Ban ning duoc cai tién nang Ién ha

may va dau phong laser.

xuéng tu dong sao cho phu hop véi dd do - May hoat dong 6n dinh.

day cua vat khic.
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- Dé bao tri, bao dudng.
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