memmsmmmmm Khoa hoc Ky thuat va Céng nghé | Ky thuat vat liéu va luyén kim DOI: 10.31276/VIST.65(10DB).62-66

Nghién ctru va tich hop hé thiét bi khic trén vat liéu nhua
str dung laser UV buwoc song 355 nm
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Tom tit:

Bai bao trinh bz‘ly két qua nghién ciru, thiét ké va tich hop hé thiét bi khic laser trén vat liéu nhwa sir dung laser UV budc
song 355 nm, cong suit 5 W dwgc tich hop tir cic mo-dun ban thanh phim c6 sin trén thi trwong. Nhém nghlen ciru da
khao sat sy anh her'ng cua cac thong s0 ky thuat dén qua trinh khic laser UV len vat lleu nhya nhu: buéc song, cong suit
laser 16i ra, do rong xung, tan $0 13p lai xung, 1 toe do khac, kich thuéc ving khic, nguon dién... Két qué, nhom nghién ciu
di dwa ra dugc by tham sb t6i wu ciia hé thiét bi che tao cho mjt s0 loai vét liéu nhua riéng biét. Mgt s0 san pham khic
thir nghi€ém laser UV trén vat li€éu nhua cia hé thiét bi ché tao dugc cho thay hinh anh c6 d¢ sdc nét va twong phan cao,
vung anh hwéng nhiét nhé, cé thé khic dwoc kich thuée nhé c& micromet, toc d9 khic nhanh. Két qua nghién ciru cho
thiy thiét bi laser UV 1a sy Iwa chon tét cho nhitng ng dung ciia laser trong nganh céng nghiép ban din, co khi vi mé, y

hoc va thiét bi ngoai vi...

Tir khéa: khic laser UV, laser khic nhua, laser UV.
Chi s6 phén loai: 2.5

1. Dat van de

Trong nhiing nim gan déy, laser UV ¢6 nhiéu tmg dung rong
1ai trong céc linh vuc kinh té - xa hoi nho nhiing dac tinh vu vigt
nhu budc song ngan va chét lugng chim cao, chim tia ¢6 thé dugc
hoi tu dén kich thudce diém ¢& vai micromet (~10 pm), toc do lap
lai cao va dlem hoi ty nhé lam cho nhitng tia laser nay rat phi hop
aé gia cong cat, khic do chinh x4c cao. Khi tia laser UV duoc
chiéu dén bé mat vét liéu nhua, laser UV cung cap ty 1¢ hap thy vat
liéu cao hon cac loai laser khac nhu laser CO,, laser soi quang..
diéu nay gitip khong can tang cong sudt dé tao ra cac vét khac 10
nét cling nhu giam sy khuéch tan nhiét cua vat liéu lam cho qua
trinh khic it bi anh huong boi cac bién dang nhiét (thiét hai do
nhiét) ¢ cac 16p bén trong va cac khu vuc lan cin ciia ving can
gia cong. Nho vay, laser UV m6 ra mét loat cac img dung ma cic
nguon laser ving kha kién va hong ngoai khong the giai quyét
dugc, déc biét thich hgp aé khac céac vt li¢u nhya, tam bang mach
dién tr cing, tAm mém va rat nhiu phy kién yéu cau gia cong
chinh xéc ¢& micromet. Cé thé néi rang, laser UV noi chung va
laser UV budc song 355 nm ndi riéng da trd thanh cong cu gia
cong chu dao trong cong nghi¢p hién nay, dac biét cho nhiing ing
dung gia cong cd micromet [1-6].

Vé cong nghé ché tao, cac laser UV bude song 355 nm dung
trong cong nghiép hién nay hdu hét duoc ché tao bing cach
diéu bién nhan tan tir budc song co ban 1064 nm cua laser ran
Neodymium (Nd3+) hoic laser soi quang. Viéc st dung két hop
mot s6 tinh thé quang hoc phi tuyén s& cho phép chuyén doi tir
bude song ving hong ngoai sang budc song tir ngoai 355 nm ciia
chum tia laser 16i ra phu hop cho gia cng trong cong nghiép.

Tai Viét Nam, nhu cau thi truong khic trén vét li¢u nhya trong
cac nha may, doanh nghi¢p san xuat bat dau phat trién, cac nghién
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clru vé qua trinh khéc trén vat liéu nhua sir dung laser UV budc
song 355 nm van con rat han ché. Cac thiét bi khéc st dung laser
UV thuong mai chu yéu dugc nhap nguyén chiéc din dén han ché
trong cac ung dung cling nhu kho khan trong viéc lam chu cong
nghé khic. Hién tai trong nude chua san xuat, ché tao dugc thiét
bi nay, vi vay chiing t6i dat muc ti€u nghién clu, ché tao, tich hop
dugc hé thiét bi khac laser UV bude song 355 nm ing dung khéc
tem nhén trén vat liéu nhua dé nim bét, lam cha cong nghé, chu
dong trong ché tao thiét b ciing nhw lam chu quy trinh khac trén
cac loai vat liéu nhya khac nhau theo yéu cau cta thi truong.

2. Noi dung nghién ciiu

Trong bai béo nay chiing toi trinh bay két qua thiét ké va tich
hop hé khéc laser trén vét lidu nhua st dung laser UV budc song
355 nm tir cac mo-dun va linh kién ban thanh phim c6 san trén
thi truong. Diéu nay giup dam bao chat lwgng va do 6n dinh cua
thiét bi trong qua trinh st dung. Hé thiét bi duoc ché tao buge
dAu dua vao thir nghiém dé khdc trén vét liéu nhua PVC, ABS,
PP. Tir két qua nghién ctru, chung toi da tim ra dugc s6 liéu b
thong s6 khac trén vat liéu nhua PVC, ABS, PP ciia hé thiét bi
laser UV vira ché tao.

3. Két qua va ban luan

3.1. Thiét ké va xdy dung hé khdc laser trén vit ligu nhuwa siv
dung laser UV budc song 355 nm

Hé khic laser trén vét liéu nhua duge nhom nghién cuu thiét
ké, tich hop trén co s6 tim hiéu tai lidu két hop voi khao st thyc té.
So d6 thlet ké hé thong ciing nhu Iya chon cac mo-dun linh kién,
thong s6 k¥ thudt cia hé thong duoc xdy dyng trén co s tim hiéu,
khdo sat giai ma mot s cAu hinh thiét bi, mo-dun ban sin trén thi
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on plastic materials using 355 nm UV laser
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Abstract:

This article presents the results of research, design and
integration of a laser equipment system on plastic materials
using a UV laser of wavelength 355 nm, power of 5 W, integrated
from semi-finished modules available on the market. The
research team investigated the influence of technical parameters
on the UV laser engraving process on plastic materials such as
wavelength, output laser power, pulse width, engraving speed,
engraving area size, electricity source... As a result, the research
team has come up with a set of parameters for the manufacturing
equipment system for a number of specific plastic materials.
Some experimental UV laser engraving products on plastic
materials of the manufactured equipment system show images
with high sharpness and contrast, small heat-affected areas,
can engrave sizes as small as micrometers, with a high speed.
Research results showed that UV laser equipment is a good
choice for laser applications in the semiconductor industry,
micro-mechanics, medicine and peripheral equipment...

Keywords: plastic marking laser, UV laser, UV marking laser.
Classification number: 2.5
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truong. Viée lya chon, st dung nhiing mo6-dun linh kién tr cac nha
san xuét uy tin nhim dam bao chat luong va do 6n dinh cua thiét b
ché tao tich hop trong nudc do trinh d6 khoa hoc ciia chung ta chua
thé tu ché tao duoc tat ca cac bd phén cua thiét bi.

So d6 thiét ké hé thiét bi khac trén vat lidu nhya sir dung laser
UV bude séng 355 nm duge thé hién ¢ hinh 1.
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Hinh 1. So db khéi hé thiét bi khac laser UV buéc song 355 nm.
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Céu hinh tong thé ciia thiét bi khic laser UV bao gom céc khoi
b9 phan nhu: khoi ngudn phat laser UV bude song 355 nm cong
suit 5 W ciia Hang JPT (Trung Qudc); hé quét chim tia Galvo
model ST10sccan (355 nm) voi chudn giao tiép XY2-100, théu
kinh hoi tu f-theta tiéu cw 254 mm; card diéu khién laser LMCV2-
DIGIT ciia BIJCZ; ngudn nudi cung cap ning luong va hé thong
duoc didu khién bang phan mém khic laser.

Céc khoi bo phn nay déu duge két ndi va lién hé chit ché voi
nhau gi’ﬁp thiét bi hoat dong 6n dinh va dat hiéu qua cao. So do
ghép noi dugc trinh bay ¢ hinh 2.
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Hinh 2. So’ d6 khdi ghép ndi cac bd phan tich hep cua thiét bi khac laser
UVv.

3.2. Khdo sdt thue nghig¢m, do dac cdc thong so ky thudt ciia
hé thiet bi vira dwoc ché tao, tich hop

Sau khi thiét ké, tich hop hé thiét bi, chiing toi khao sat mot sb
thong s6 k§ thut chim laser 1i ra ctia hé laser UV budc song 355
nm vura tich hop tai phong thi nghi¢ém cua don vi. Buong dac trung
cong sut cua laser dugc chi ra ¢ hinh 3. Phép do dugc thuc hién
bing cach do truc tiép cong suit chum tia laser UV, sau hé quang
hoc 16i ra ciia dau phat laser. H¢ laser hoat dong & ché do phat
xung Q-switch. Cong suat trung binh chum tia laser 16i ra dugc do
boi déu do cong suat nhiét $322C va duoc hién thi trén bang diéu
khién PM100D.
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Hinh 3. D6 thj cong suét laser UV 13i ra thay déi theo dong dién nuéi laser
diode bom.



Khi thay d6i cuong do dong dién nuoi laser diode bom, cong
sudt laser UV 10i ra ciing thay doi theo. S6 liéu do cong sut laser
P (W) theo cuong do dong dién nudi laser diode bom I (A) duge
thé hién ¢ bang 1.

Bang 1. S6 liéu do cong suét laser P (W) theo cwong dé dong dién nudi
laser diode bom | (A).
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Tén s6 lap lai ciia xung tir ¢6 thé thay doi duoc tir 20 dén 150
KHz, cong suat laser 16i ra thay ddi theo tan s6 lap lai xung laser
duoc thé hién ¢ hinh 4, do rong xung laser nam trong khoang tir 7
dén 31 ns. V6i cac thong sd laser nay, ta ¢6 thé dé dang thay doi
trong qué trinh (mg dung trong khac trén vat liéu nhya.
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Tan s6 13p lai xung laser (KHz)
Hinh 4. Db thi dic trwng cong suat laser 16i ra thay déi theo tan sé I3p lai
xung cua laser UV.

Qué trinh két ndi mach diéu khién ctia may khéc laser nhu sau:
dau quét chim tia galvo dugc két ndi véi card diéu khién thong
qua cong DB-15 theo chuan XY2-100 Digital. Khéi phét laser UV
duoc két nbi qua cdng BD-25 cho phép diéu khién cac ché dg hoat
dong cua laser. Ngoai ra, card diéu khién ciing dugc ghép ndi voi
méy tinh qua cong USB 2.0 va dwgc nudi bang bo ngudn 5 VDC
bén ngoai.

Qué trinh khic laser cc hinh anh thiét ké trén may tinh dugc
thue hién bing cach két hop dong bo giita chuyén dong trong dau
quét galvo va chum tia laser thong qua card diéu khién trung tim.
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Hinh 5. Chwong trinh didu khién hé khic laser UV bwéc séng 355 nm trén
may tinh.
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Toan bg qua trinh nay duogc thyc hién trén phf?m mém khic laser
EzCad2 thyc hién trén may tinh. Trong do, ngudi sir dung ¢6 thé
d& dang thiét lap truc tiép trén phan mém cac thong sb khic laser
nhu: cong sudt, tan sd 1p lai xung, toc do quét tia... Ngoai ra, phan
mém nay ciing hd trg nhiéu dinh dang tép tin b hoa khéc nhau (v
du: .plt, .dxf, .ai, jpg) nham t6i uu hoa thiét ké, hoat dong va quan
sat trude cac hinh anh khic laser (hinh 5).

Hé thiét bi may khéc laser UV budc song 355 nm budce dau duge
do dac va thir nghiém cac diéu kién hoat dong on dinh (bang 2). Tir
d6, co thé duoc sir dung dé nghién ciru, thir nghiém k§ thuat khac
laser trén mot s6 vat liéu nhua.

Bang 2. Théong s6 ky thuat cta hé thiét bj khéc laser UV dwoc ché tao.

Loai laser Laser UV
Budce song 355 nm
Cong suit laser 16i ra >5W

Do rong xung 7+31 ns

Tén s6 lap lai xung 20150 KHz
Téc d6 khac <6000 mm/s
Kich thudc ving khic 110x110 mm
Lam mét bang nude, 6n dinh nhiét do 2542°C
Ngudn dién 220 V/50 Hz

3.3. Nghién civu qud trinh khdc laser UV trén vit liéu nhua

Khic laser trén vat liéu phi kim 1a qua trinh tuong tac giita
chum tia laser v6i bé mat vét liu. Thong thuong, toan bg anh sang
trong mgt xung quang hoc s€ dugc vat licu hép thu va chuyén hoa
thanh nhiét, do d6 gay ra su gia tang nhi¢t do tuc thoi trong vat
liéu, dan dén sy néng chay va phan giai bé mit, 1am carbon hoa,
phan hity hoa hoc... Két qua thuong bao gdm mot ving vat liéu da
bi bién d6i vé mau séc, thanh phan va s& tao thanh cac hinh khéc
laser tai vi tri chum tia laser chiéu t6i nhu minh hoa & hinh 6 [5].

——3 Hudng khéc
Chum tia laser

Viing duoc khéc laser

L v

Tém phoi nhua
Vling chju anh hudng nhigt

Hinh 6. Sw hinh thanh vét khic dwéi tac dung ciia chum tia laser.
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Chét luong vét khic phu thudc vao mure do hép thu birc xa cua
vat ligu. Ty 1€ hép thu cua vat liéu voi mdi loai laser khac nhau thi
ciing khéc nhau. Hinh 7 mo ta ty 1 hap thy cia mot sb vat liéu phi
kim loai voi cac loai laser khac nhau.
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Hinh 7. Ty 1& hap thu vat liéu véi cac loai laser.

Ta thy laser UV c6 ty 1& hap thu 70-90%, cao hon hin so véi
céc loai laser khac. Sir dung loai laser khong phu hop dé khéc trén
vat liéu nhya c6 thé din dén hu hong vat li¢u trong qua trinh gia
cong do nhiét sinh ra.

Su hz?ip thy cua vat li¢u nhya dudi tac dung cua chum tia laser
chiéu t6i phu thudc vao mat do nang lugng ctia chum tia laser va
tinh chat cua vat lidu. Mat do nang luong cua chum tia laser dugc
tinh theo cong thirc sau:

F=2% (1)
trong do: F 1a mat d§ nang lugng ctia chim tia laser (J/em?); P 1a
cong sudt laser trung binh (W); , 1a ban kinh chum tia laser tai
diém hoi ty; V 1a toc do quét tia laser.

Naéng luong hép thu E trén mot don vi thé tich & do séu z trong
vat li¢u c6 dang ham e mii [4]:

E(z) = [ oe At (2)

trong do: o 1a hé s6 hp thu tai budc song laser doi vai vét liéu
dugc khéc; I 1a cuong do chum tia laser chi€u toi vét lidu (ty 1€ voi
mat do nang lugng F); At la thoi gian xung laser.

Cong thirc md ta don gian vé qua trinh nung néng va tang nhiét
d6 AT (trén mdt don vi khoi lugng) d6i voi mot thé tich vat ligu ¢
d06 sau z la:

o Nhiét lugng thém vao - Nhi¢t dan di

Nhiét dung riéng cua vat li¢u

trong do: nhi¢t luong thém vao dugc xac dinh boi lugng anh sang
laser dugc he”ip thy trong vat lidu & do sau z; nhiét dan di duoc xac
dinh bdi do dan nhiét ctia vat lidu.

Vi xung laser ¢6 thoi gian hitu han, nén cong thirc mo ta nay
phai dugc lay tich phan theo thoi gian. Su néng chay va bbc bay
cua vat liéu ciing gop phan vao su can bang niang luong. Ngodi ra,
qua trinh hép thy buc xa laser cling phu thugc rat nhiu vao nhiét
d0 cua vat liéu.
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Tir cic cong thire (1) va (2) nhan thiy, qué trinh trinh khac
laser trén vat li¢u phi kim s€ chiu anh hudng cla nhidu tham s6
nhu: bude song laser, cong suat chim tia laser chiéu t6i, do rong
xung laser, tin s6 ldp lai xung, phan bd chum tia... Pay déu la
nhitng tham s6 can phai xét dén khi stir dung mot hé thiét bi méay
khic laser.

Su anh hudng cta cac thong s cuia hé laser 1én qué trinh khic
laser UV 1én vat liéu nhya bude dau dugc khao sat bang hé thiét
bi khéic laser UV vira ché tao. Cong suét laser dugc thay d6i bang
cach thay doi dong dién I (A) nudi laser diode bom tinh thé laser
ran trong hé thong thiét bi; gia tri nay duoc diéu chinh tir 0 dén
42 A. Hinh anh khéc thtr nghiém trén vét liéu nhwa ABS nén mau
tring co chidu day 1 mm véi sy thay doi cua cong sudt laser dugc
hién thi ¢ hinh 8.

PRF 150KHz / Speed 1000mm/s / H 0.02mm - |

Laser UV test - ABS

- 35A 40A

Hinh 8. Thir nghiém khéc trén vat liéu nhwa ABS béng cach thay dbi cong
suat laser (diéu khién bang thay déi cwong do dong dién).

Nhom tac gia da tién hanh th nghiém khéc trén mot sb vat liéu
nhya khac nhau nhu PVC, ABS va PP nén mau tring c6 chiéu day
1 mm. Tir két qué nghién cuu trong vige khic trén cac vat liéu nhya
khac nhau, ching t6i budc dAu d3 dua ra duoc bo tham sé toi wu
ctia h¢ thiét bi ché tao cho mot s6 loai vat liéu nhya riéng biét. Céc
két qua thir nghiém thong s6 khéc trén vat liéu nhya PVC, ABS, PP
da dugc ghi nhan ¢ bang 3.

Bang 3. Sé liéu b thong sb khac trén vat liéu nhwa PVC, ABS, PP cuia hé
thiét bi laser UV vira ché tao.

Loai nhua Nhya PVC Nhya ABS Nhya PP

Miu Den  Xam Den  Xim  Den Xim

Cong sudt laser P diéu khién theo dong diénI(A) 295 29 32 30 35 34

Tin s6 f (KHz) 0 40 4 4 4 40
Tde do khdc (mms) 1000 1000 900 1000 800 1000
Khoang cdch dudng khéc (mm) 002 005 002 005 0,02 0,05

Hinh 9 13 hinh dnh mot sé san phdm thir nghiém khéc laser
UV trén vét liéu nhya PVC, ABS, PP dya trén cac thong s6 khic
laser toi uu ¢ bang 3. Cac két qua thir nghiém cho thay, hinh anh
duoc khic laser c6 do rd nét va tuong phan cao, dac biét la cac
ky tu nho déu duoc hién thi day du va sic nét. Ngoai ra, vét khic



laser UV trén vat liu nhya khong c6 hién tugng bi chdy hay
phdng rop nhu khi duge khic bang chum tia laser hdng ngoai IR

1064 nm khac.
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Hinh 9. M6t s6 mau thir nghiém khic laser UV bwéc séng 355 nm trén cac
vat ligu nhwa PVC, ABS, PP.

4. Két luan

Hé thiét bi khic trén vét lidu nhya st dung laser UV budc song
355 nm da dugc ché tao thanh cong vai cac thong sd cla thiét bi
nhu: cong sudt dau ra 5 W, tan s diéu chinh dugc tir 20 dén 150
KHz, d6 rong xung 7-31 ns. Mot s két qua khéc thir nghiém trén
vat lidu nhya nhu ABS, PVC, PP c6 d sic nét, do trong phan cao,
toc do xu ly, tinh linh hoat cao va khéc kich thude nhé ¢& micromet.
Viéc ché tao thanh cong hé thiét bi khic laser UV song 355 nm gop
phan chii dong trong cong nghé ché tao, tich hop thiét bi ciing nhu
lam chu quy trinh khéc trén mot sb loai vat lidu phi kim loai, tir d6
mo rong, da dang hoa ung dung cua laser trong cong nghi¢p, cong
nghiép phu trg, gia dung, y té.
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LGOI CAM ON

Nghién ctru ndy duoc thyc hién trong khudn kho dé tai cip
Bo Khoa hoc va Cong nghé nam 2022-2023: “Ché tao hé thiét bi
khéc trén vat liéu phi kim sir dung laser UV budc song 355 nm dé
khéc tem nhan trén vat liéu nhya” do Trung tim Cong nghé Laser,
Vién Ung dung Cong nghé chi tri. Céc tac gia xin tran trong cam
on.

TAI LIEU THAM KHAO

[1] https://www.keyence.com.vn/ss/products/marking/lasermarker/
knowledge/uv-laser.jsp, accessed 8 June 2023.

[2] L. Liu, Z. Hou, R. Guo, et al. (2019), “High efficiency and high energy
355 nm generation in NaSr,Be,B,O,F, crystal”, Optical Materials Express, 9(8),
pp.3527-3534, DOL: 10.1364/OME.9.003527.

[31Y. Yua, C.Y. Cheng, X. Peng, et al. (2015), “High power 355 nm diode-
pumped solid-state laser”, Proceedings of The International Conference on
Optical and Photonic Engineering (icOPEN 2015), DOI: 10.1117/12.2189431.

[4] J.E. Ready (2001), Handbook of Laser Material Processing, Springer,
717pp.

[5] D.L. Elliott (1995), Ultraviolet Laser Technology and Applications,
Elsevier Inc, Academic Press, 350pp.

[6]N. Ikeda, T. Akaba, F. Inoue (2003), “Diode-pumped solid-state ultraviolet
laser micro processing system”, Mitsubishi Heavy Industries, Ltd., Technical
Review, 40(2), pp.1-5.



