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TOM TAT

Bai bdo trinh bay nghién ciru thiét ke va toi wu két cdu may khac laser CO, sur dung cong
nghé CNC nham ndng cao dé chmh xdc, toc do gia cong va do on dznh van hanh. T rén co so khao
sat cac may laser CO ,cong sudt nhé hién ¢, hé thong dwoc thlet ké gom bon phan chlnh hé co khi,
hé quang hoc, hé dleu khién CNC va hé thong lam mdt. Ket cau khung may dwoc téi wu bang mé
phong s6 nham tang dg cing viing, giam rung déng va on dinh nhiét.

May co kich thuoc t(fng thé 1000x1000%x500 mm, ving lam viéc 600x600%200 mm, sir
dung o ong laser CO, cong sudt 40W, bude song 10, 6 pm. Két qua mé phéng va thir nghiém cho thay
két cau sau toz uu dam bao diéu kién bén, giam khoi hm’ng khoang 12%, d¢o chinh xdc gia cong dat
0,01 mm, toc do khdc t6i da 500 mm/s va van hanh én dinh trong dai nhiét do 25+30°C. Két qua
khang dinh tinh kha thi va hiéu quda ciia giai phdp vmg dung cho dao tao va san xudt quy mé vira va
nho.

Tir khéa: T6i wu két cau,; Laser CO,; B9 chinh xdc gia cong; Cong nghé CNC.
ABSTRACT

This paper presents a study on the design and optimization of a CO, laser engraving machine
using CNC technology to improve accuracy, processing speed, and operational stability. Based
on a survey of existing small-power CO, laser machines, the system is designed with four main
parts: mechanical system, optical system, CNC control system, and cooling system. The machine
frame structure is optimized using numerical simulation to increase rigidity, reduce vibration, and
improve thermal stability.

Themachine has overall dimensions of 1000 1000500 mm, aworking area of 600 %600 200
mm, and uses a 40W CO, laser tube with a wavelength of 10.6 um. Simulation and testing results
show that the optimized structure ensures durability, reduces weight by approximately 12%, achieves
machining accuracy of 0,01 mm, a maximum engraving speed of 500 mm/s, and stable operation
within a temperature range of 25+30°C. The results confirm the feasibility and effectiveness of the
proposed solution for training and small-scale production.

Keywords: Structural optimization, CO, laser; Machining precision; CNC technology.
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1. PAT VAN PE

Cong ngh¢ laser CO, la mc}‘g trong
nhiing phuong phap gia cong tién tién, cho
phép khic va cét chinh xéac trén nhiéu loai vét
liéu khac nhau nhu g5, mica, nhya, da va kim
loai méng [1-3]. Tuy nhién, cdc may khac laser
¢ nho hién nay thuong gip han ché vé do cung
vitng két cau, do 6n dinh nhiét va hiéu suat
nang luong [4-6].

Két cdu co khi ctia may 14 yéu to then
chét quyét dinh do chinh xéc, toc do va tudi tho
van hanh. Khi két cau khong dugce tbi uu, rung
dong va sai s dong hoc ting cao, anh hudng
truc tiép dén chat luong khéc [7]. Bén canh do,
viée bd tri duong dan quang khong ti wu va hé
thdng 1am mat chua hiéu qua khién chat lugng
chim tia khéng 6n dinh gy giam hiéu suat
phat laser [8, 9].

Céac nghién ctru gan day [10-13] cho
thdy viéc tdi wu hoa két cAu khung va co cau
truyén dong bang phuong phap mo phong sb
(CAE, FEM) gitp ning cao d¢ ctng, giam khdi
luong va cai thién kha ning chéng rung. Pong
thoi, viéc st dung tinh thé khi trong hé thong
lam mat gop phﬁn 6n dinh nhiét, giam tiéu hao
nang lugng va ting do tin cdy ciia ngudn laser.

Véi myc tiéu nang cao hiéu suat, giam
sai sO va ting do bén tong thé, nhom nghién
ctru tién hanh thiét ké va tdi wu két ciu, co ciu
truyén dong, h¢ quang hoc va h¢ [am mat may
khic laser CO, su dung cong ngh¢ CNC, phuc
vu giang day va nghién ctru trong linh vyc co
dién ta.

2. PHUONG PHAP NGHIEN CUU
Khao sat cic mau may laser CO, hi¢n

hanh vé ciu tric co khi, duong dan quang,
phuong phap diéu khién va co ché tan nhiét.
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Thiét ké mé hinh 3D bang Inventor dé
phan tich két cau tong the va phan bo tai trong.

Phan tich phan tir hitu han & mé phong
ung suat, bien dang khung may, tr d6 diéu
chinh d¢ day va tiét dién vat li¢u.

Tién hanh thir nghiém d¢ chinh xac, tde
d06 khac, d on dinh nhiét va kha niang khac vat
liéu. Panh gia va t6i uu thong sb thiét ké dua
trén két qua thir nghiém.

3. KET QUA VA BAN LUAN
3.1. Két qua thiét ké

Hé thdng co khi: Khung may st dung
thép hop 30x60mm. Co ciu truyén dong XY
sir dung thanh trugt tuyén tinh va dai ring
GT2 3o chinh x4c cao. Vung lam viéc dat
600x600x200mm, phu hgp cho cac moé hinh
dao tao.

He¢ thong quang hoc: Ong laser CO,
cong suat 40W, budc soéng 10,6um. HE guong
phan xa 3 diém phdi hop thau kinh hoi tu f =
50,8mm. Phan b duong dan quang tdi uu,
giam ton hao dudi 5%.
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Cum cang dai Cum truc xy  Cum truc z
Hinh 4. Cac cum thiét ké chinh cia may khac laser
co

2

Hé théng diéu khién: Bo diéu khién
dua trén Arduino Uno R3 - CNC Shield V3 -
Driver 8825 tuong thich G-code. Pong co budc
NEMA17 — 40 cho truc X-Y-Z, goc budc 1,8°;
dong di¢én dinh muc 1.2A.

Hé¢ thong 1am mat: Lam mat cudng buc
bang nudc tuan hoan va st dung tinh thé khi
trong hé thong lam mat.

Kich  thuéc tong thé  may:
1000x1000x500mm. D§ chinh xac dat duoc:
0,0lmm. Téc dd khic tdi da: 500mm/s. Dai
nhiét d6 van hanh 6n dinh: 25-30°C. Vat liéu
thir nghiém: go, acrylic, kim loai méng, da.

R Diu khic laser
Déng co truc X .

Tudién
T

Ong phéng
COy -

Thung nwéc
Khung may "

Cum truyén
dong truc z

Hinh 3. M6 hinh mady cdt Plasma CNC

My khic laser CO, dugc thiét ké vei
ket cau khung thép hop, dam bao do ciing viing
va kha ning chiu tai. Kich thudc tong thé cua
may la 1000x1000x500mm, vung lam viéc dat
600x600x200mm. Hé truyén dong truc X-Y st
dung thanh trugt tuyén tinh két hop dai ring
GT2, dap ung yéu cau chuyén dong chinh xéac
va tbe do cao.

Hé quang hoc sir dung 6ng la}ser CO,
cong suat 40 W, budc song 10,6um, két hop hé
guong phan xa va thau kinh hoi tu cho phép tap
trung ning lugng 6n dinh 1én bé mat gia cong.
Hé diéu khién CNC dugc xdy dung trén nén
Arduino Uno R3 va CNC Shield, twong thich
v6i md G-code. Hé thdng lam mat bang nudc
tuan hoan giup may hoat dong 6n dinh trong
dai nhiét do 25-30°C.

3.2. Két qua tdi wu két cAu

Thong s vat lieu khung may: Thép
(C35; Khdi luong riéng: 7,850 g/cm?; Gidi han
bén: 500-650 MPa; Giéi han chay: 300 dén
400 MPa; Module dan hoéi: 200 MPa; Hé s6
Poisson: 0,3.

a) Kiém bén khung mdy

Trong diéu kién tinh, khung may chiu
tac dung cua trong lugng toan bo cac khau va
trong lugng cua ban than. Véi lyc tap trung F =
25N tai mét s vi tri dic trung.

Két qua ing sudt
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Két qua bién dang

Hinh 4. Kiém bén khung mdy

Két qua md phong cho thiy ung sut
phan b chu yéu tai cac vi tri lién két giita cac
dam ngang va dam ding, dic biét 1a cac goc
khung va ving chiu tai tryc tiép. Ung suat 16n
nhit 1a 12,98 (MPa), thip hon rat nhiéu so véi
gidi han chay cua thép C35 (300-400 MPa).
Diéu nay chimg t6 khung lam viéc hoan toan
trong mién dan hoéi, khong xuét hién nguy co
chay déo hay pha huy do tmg suit. Két qua
chuyén vi cho thiy d6 vong 16n nhat cua khung
1a rat nho, phan bd déu va tap trung chu yéu &
cac dam phia trén noi chiu tai truc tiép. Bién
dang tong thé cua khung khong dang ké, hinh
dang két cau dugc giir 6n dinh, khong xay ra
bién dang cuc bo bat loi. Biéu nay phan anh d¢
clmg vitng ctia khung dap tng tét yéu cau lam
viée.

b) Kiém bén truc X
Trong diéu kién tinh, luc tac dung 1én

truc X nhu sau bao g@)m: Moment cua dong co
va Trong lyc P cua truc X.
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Diéu kién bién cho moé hinh

Két qua ing sudt

Két qua chuyén vi tinh
Hinh 5. Kiém bén truc X

Két qua md phong cho thiy ung sut
phan b6 cha yéu doc theo than khung, cac khu
vue lién két, géi dd va vi tri chiu tac dong truc
tiép cia moment dong co voi gia tri 16n nhat
0,09 Mpa. So sanh v6i gidi han chay cua thép
(C35, tng suat 16n nhat trong mo hinh nho hon
rat nhiéu, do d6 két cdu 1am viéc hoan toan
trong mién dan hoi; Két qua chuyén vi cho
thdy chuyén vi 16n nhat vao khoang 1,0x10° m
(= 0,01 mm). Gia tri chuyén vi nay la rat nho,
khong gdy anh hudng dén do chinh xac lam

viéc cua truc X.
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3.3. Ban luan

Két qua md phong va thuc nghiém cho
thiy viéc t6i wu két cau khung may do d6 khéi
luong khung may giam khoang 12% nho toi
vu tiét dién vat liéu ma van dam bao do cung
vitng. Viéc diéu chinh bd tri hé truyén dong va
cang dai hop 1y gitp giam rung dong khi may
lam viéc & tbe d6 cao. Hiéu sut hé quang hoc
dugc cai thién, t6n hao nang luong giam, gop
phan ning cao cht luong va do dong déu cua
duong khic.

Téi wu hé quang hoc: Diéu chinh goc
dit guong giam léch chum tia khi chuyén dong
truc X. Hiéu suét nang luong tang 10% do tan
nhiét hi¢u qua va giam ma sat co hoc.

bénh gia thyc nghiém: BJ chinh xac
khic dat 0,01 mm, toc do khic t6i da 500 mm/s,
bé mat khic min, khong chay canh. BJ sau
khic 6n dinh voi sai s6 dudi 5%. Chét luong
duong khéc duy tri 6n dinh ¢ toc do cao.

Viéc tich hop hé diéu khién CNC giup
mé rong kha nang tmg dung, twong thich nhiéu
loai phan mém thiét ké va ma nguén mo. Pay
1a huéng phat trién bén viing cho cac mé hinh
dao tao tai truong dai hoc cling nhu cac co s¢
san xuat nho.

Hinh 6. May khdc laser co,

Hinh 7. Mgt s6 san pham khdc trén may laser co,
CNC

4. KET LUAN

Nghién ctru da thuc hién thanh cong
viéc thiét ké va t6i wu két cdu may khic laser
CO, str dung cong ngh¢ CNC nham nang cao
do chinh xac, d§ cung viing va d¢ on dinh van
hanh. Trén co s6 md phong sd va thir nghiém
thuc té, két cau khung may duoc t6i wu giup
giam khéi lugng nhung van dam bao diéu kién
bén va kha ning chéng rung. Hé truyén dong,
hé quang hoc va hé thong lam mat dugc thiét ké
hop 1y, gop phan giam ton hao ning lugng va
on dinh chat luong chum tia laser.
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Két qua thuc nghiém cho thiy may dat
dd chinh xac gia cong 0,01 mm, tbe do khic
t61 da 500 mm/s va van hanh 6n dinh trong dai
nhigt 9 25-30°C trén nhiéu loai vat liéu khac
nhau. Nhimng két qua nay khang dinh tinh kha
thi va hiéu qua ciia giai phap dé xuat, dong thoi
tao co s cho viéc phat trién cac may khic laser
CO, cong suit nho phuc vu dao tao va san xuat
quy md vira va nho. La két qua cua dé tai cap
CO SO.%*
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