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Tém tit:

Bai bao trinh bay cac Kkét qua nghién ciru trong viéc phat trién hé khic tao mau trén bé mit kim loai sir dung laser
s¢i quang cong sudt cao véi cAdu hinh MOPA (khuech dai dao dong chu) tich hep tir cac mo-dun ban thanh pham
Bang viéc sit dung hé khac tao mau laser trén be mit kim loai da phat trién dugc, cac anh hwéng cia thong so laser
nhu cong suit laser, tan sd 1ap lai xung laser, toc do quét tia, do rong dudng Kkhic Ién qua trinh hinh thanh mau ciing
dwogc nghién ciru va danh gia twong minh dé dwa ra dwoc bd théng sé téi wu cho cic mau cin khic trén tirng kim

loai inox, titan cu the.

Tir khéa: gia cong vat liéu, khac laser tao mau, laser sgi quang.
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Abstract:

This paper presents the results of research and fabrication
of a colour laser marking device on metal surfaces using
a high-power fiber laser with a MOPA (Master oscillator
power amplifier) configuration by intergrating semi-finished
modules. Using our manufactured colour laser marking device,
the effects of laser parameters such as laser power, laser pulse
repetition frequency, beam scanning speed, line width on
forming colour process have been researched and evaluated
explicitly to provide the optimal set of parameters for the
colours on each specific stainless steel and titanium metal.
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Md dau

Laser co nhidu img dung quan trong trén nhidu linh vyc khoa hoc
va cong nghé¢ nhu trong hoa hoc, vat 1y, ky thuat, khoa hoc vat liu, y
hoc, thong tin lugng tr, quang dién tir, sinh hoc va khoa hge méi truong
[1-3]. V6i cdc ddc tinh wu viét nhu cht lugng chim tia tot, o on dinh
cao, gla thanh thap, nho gon..., laser soi quang da duoc U g dung nhiéu
trong cong nghé gia cong vat lleu nhu cat, han, khéc tao mau. .. [4-8].

Phuong phép khéc laser tao mau ¢6 uu diém hon ca do c6 d9 bén
mau cao, chi phi van hanh thap, nang sut cao va tién hanh don gian.
Trong cong ngh¢ khéc tao mau trén bé mit kim loai, co ché hinh thanh
mau séc trén bé mat kim loai dua trén qua trinh nhiét hoa trén bé mét vét
ligu gay ra bai sy hap thu chum tia laser. Ttr do, dan dén sy hinh thanh
mang oxit trong subt hodc bén trong suot trén bé mat vat ligu [9-11].
Khi 4nh séng trang chiéu vao, n6 c6 thé dwoc phan xa tir bé mit trén va
dugi cua mang oxit. Giao thoa cua cac chum phan xa lam cho bé mat
xudt hién mot mau nhat dinh, duoc xéc dinh boi do day mang, chi s6
khuc xa cta oxit. Cac nghién ciru khéc cho thdy, mau sic ndi tai cia
céc oxit kim loai cling dong vai tro quan trong Khi thay di cdc thong
s6 ctia chum tia laser chiéu t6i nhu: cong suat, vi tri hoi ty, tan s6 lap
lai xung, toc do quét tia... s€ ghi nhan dugc cac mau sic khac nhau cua
16p oxit trén bé mat kim loai. DAy chinh la nguyén 1y cua k¥ thudt khic
laser tao mau theo phuong phép 6 oxy hoa bé mat. Do vay, dé tao dugc
mau sic khac thay doi lién tuc thi viée phat trién nguon laser cong suat
cao thay (101 duoc cac thong s6 nhur tan s6 lap lai, do rong xung... la
v0 cling can thiét. Mot phuong phap dé tao duge chim laser cong suét
cao voi tan s lap lai xung 16n (Ién dén 1.000 kHz) d6 13 MOPA. Véi
phuong phép nay, ¢ thé tao ra chum laser vi ning luong 1én dén hang
kW [12-14]. Hién nay, viéc nghién clru va img dung céc laser soi quang
cong sudt cao st dung MOPA dé khic tao mau trén bé mat kim loai
dugc nhiéu nha khoa hoc trén thé gi6i quan tim nghién ciru.

Tai Viét Nam, chua c6 nhiéu nghlen ciru vé qua trinh khac tao mau
trén bé mat kim loai sir dung laser noi chung va laser soi quang ndi
riéng. Céc thiét bi khic sir dung laser soi quang thuong mai chi yéu
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duoc nhap nguyen chiéc din dén han ché trong ung dung ciing nhu kho
khan trong viéc lam chu cong nghé khéc. Do vdy, viéc thiét ke, tich hop
hé laser cong sudt cao voi MOPA thanh mot h¢ khic laser hoan chinh
ciing nhu d4nh gi4 cac thong so laser dé dua ra dugc bo thong s6 tdi uu
trong qué trinh khac tao mau 14 can thiét.

Trong bai viét ndy, cac tac gia di nghién ctru va ché tao hé thiét bi
khic mau trén bé mit kim loai va nghién clru tuong minh co ché tao
mau trén bé mat kim loai inox, titan... sir dung nguon pheit laser soi
quang v6i MOPA. Tir d6, dua ra bo thong 6 i wu cho cac mau can
dugc khéc trén timg kim loai cu thé.

Két qua va ban luan
Thiét ké va xdy dung hé khic tgo mau trén bé mit kim logi siv
dung laser sgi quang cong sudt cao

So dd thiét ké khoi thiét bj khic tao mau trén bé mét kim loai sir
dung laser cong suat cao dugc the hién ¢ hinh 1.
Gidaz B¢ chudn tryc
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Hinh 1. So d6 khéi thiét bi khac laser tao mau trén bé mat kim loai.
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Hinh 2. Thong sé cla laser s¢i quang cong suét cao. (A) Cong suét laser
16i ra; (B) Budc séng laser; (C) Do rong xung laser; (D) Tan sé Iap lai xung.

Céu hinh tong thé ciia thiét bj khic laser bao gom: khdi nguon
phat laser soi quang cong suat cao v6i MOPA model JPT M7 (Trung
Qudc); hé quét chim tia Galvo hurryScan II-10 cia Hang Scanlab
(Pirc), thiu kinh hoi tu f-theta tiéu cyu 254 mm cua Hang Slno Laser;
card diéu khién laser USB-FBLMCB-V4, nguon nudi cung cap ning
lrong va hé thong duoc didu khién bang phan mém khéc laser EzCad2.
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Céc thong s6 ky thuat chum laser 16i ra ctia hé laser soi quang
cong sudt cao v6i MOPA model JPT M7 da dugc khdo sat chi ti€t,
Duorng dac trung cong suét cua laser dwgc chi ra trén hinh 2A. C6 thé
thy rang, cong suat laser sgi quang 16i ra 1on nhat 1225 W v6i khoang
thay doi cong suat 0-100% (tuo’ng {ing v6i cong suat 0-25 W) ¢ budce
song 1.064 nm (hinh 2B). B rong xung laser co thé thay doi dugc
trong khoang 3-350 ns (hinh 2C) va tan 56 lap lai cua xung tir 0 thé
thay doi dugc tir 2 dén 1.000 KHz (hinh 2D). Véi cac thong 56 laser
ndy, ta c6 thé dé dang thay di trong qué trinh tmg dung khéc tao mau
trén bé mit kim loai.

So dd két ni mach diéu khién ctia may khac laser dugc trinh bay
¢ hinh 3. Theo d6, dau quét chum tia galvo dugc két noi véi card dicu
khién thong qua cong DB- 15 theo chuan XY2-100 Digital. Khdi phat
laser si quang duogc két ndi qua cong BD-25 cho phép diéu khién cac
che d0 hoat dong cua laser. Ngoai ra, card diéu khién cling dugce ghep
ndi véi may tinh qua cong USB 2.0 va dugc nudi bing bd ngudn 5
VDC bén ngoai.
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Hinh 3. So’ d6 két néi mach diéu khién ctia may khac laser.

Qua trinh khéc laser céc hinh anh thiét ké trén mdy tinh dugc thuc
hién bang cach két hop dong bo giita chuyen (dong trong dau quét
galvo va chum tia laser thong qua card dleu khién trung tam. Toan b
qua trinh nay dugc thuc hién trén phin mém khéc laser EzCad2 thuc
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hién trén mdy tinh (hinh 4). Trong do, nguoi su dung co thé dé dang
thlet lap truc tiép trén phan mém céc thong sb khéc laser nhur: cong
sudt, tan so lp lai xung, toc do quét tia, khoang cach duong khic...
Ngodi ra, phan mém EzCad2 cung h trg nhleu dinh dang t€p tin o
hoa khac nhau (nhu .plt, .dxf, .ai, .jpg) nham t61 wu hoa thiét ké, hoat
dong va quan sat trudc céc hinh anh khéc laser.
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Hinh 4. Chwong trinh didu khién hé khiac laser tao mau trén
may tinh.

He thiét bi khéc tao mau trén bé mat kim loai da dugc ché tao
thanh cong va thé hi¢n ¢ hinh 5.

Hinh 5. Hé thiét bj may khac laser tao mau dwoc ché tao.

Hé thiét bi may khac laser dd dugc do dac va kiém nghlem céc
diéu kién hoat dong 6n dinh trong thoi gian dai, cac thong s0 cua hé
duoc trinh bay & bang 1. Tir o, ¢6 thé duoc sir dung dé nghién ciru,
thir nghi¢m ky thuat khéc laser tao mau trén bé mat vat liéu kim loai.

Bang 1. Thong sé ky thuat cta hé thiét bi khac tao mau béang
laser dworc ché tao.

Loai laser Laser s¢i quang MOPA
Budc song 1.064 nm
Cong suit laser 16i ra 16n nhat 25 W
Do 6n dinh cong suét <5%
Duong kinh chum laser 9 mm
Chét lugng chim M? <2
Do rong xung 3-350 ns
Kich thudc ving khic 150x150 mm
Tén sb lap lai xung 2-1.000 KHz
Téc d¢ khic [6n nhat 5.000 mm/s
Lam mat bang Khong khi
Ngubn dién 220 V/50 Hz
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Nghién citu qud trinh khéc tao mau trén bé mat kim logi siv
dung laser cong suat cao voi cau hinh MOPA

Su hinh thanh 16p oxit bé mat dan dén hinh thanh cac mau sic
khéc nhau phy thudc vao gia tri mat do nang lugng cua chum tia
laser chiéu toi [15]:

_2V2p

o
trong do: F 1a mét do nang lugng cua chum tia laser (J/em?); P 1a
cong sut laser trung binh (W); o, 1a ban kinh chum tia laser tai
diém hoi ty; V 13 tdc do quét tia laser

Su anh hudng cua cac thong s6 nhu: cong suat, tan sd lap lai,
d6 rong xung laser, tde do khac, vi tri hoi tu va khoang cach duong
khac laser 16n qua trinh khic tao mau bang laser cong sudt cao di
duoc khao sat. Khi tang mat d6 nang lwong chum tia laser, nhiét do
trong khu vire dugc laser chiéu t6i trén bé mit kim loai ciing sé& ting
1én. Diéu nay gitp ting cudng sw khuéch tan oxy vao bé mat va day
nhanh phan tmg 6xy héa. Tuy nhién, khi mat d nang lugng la qua
16m, sy phat trién ctia 16p oxit bé mit c6 thé bi anh huong boi sy boc
bay hat kim loai tai bé mat va lam giam do day cua 16p oxit bao phu.

Mau thir nghiém 14 vat lidu inox 304 bé mat sang bong BA, inox
201 mat xu6c HL, inox 316 mét nham B2 va hop kim titan grade 5
co chieu day 1 mm (hinh 6).
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Hinh 6. Mau thir nghiém khéc laser tao mau trén cac vat liéu:
inox 304, 201, 316 va hop kim titan grade 5.

Tur két qua nghién ctru trong vi¢c tao mau trén bé mat kim loai st
dung laser cong sut cao, chiing t6i di dua ra dugc b tham s6 tdi uu
cho timg mau riéng biét. Cac két qua thir nghiém khéc tao mau trén
vat liéu inox 304 va hop kim titan grade 5 mat bong da duoc ghi nhan
va phan loai theo bang mau (bang 2 va 3).

Dbi voi cac bé mat dwoc khic tao mau, viéc danh gia dwoc do
phan xa ctia chiing 1a vo ciing quan trong. Cac phép do kiém phd phan
xa bé mit dugc khac laser trong ving bude song 350-800 nm dua
trén hé may quang phd Cary-5000 (Aglient) va mo-dun do phd phan
xa Praying Mantis (Harrick) da duoc thuc hién. Cac két qua do cho
thiy, phd phan xa cta cic mau co sy khac nhau vé vi tri va cuong do
ctia cac dinh phd cuc dai (hinh 7). Cac dinh phd ciing hién lén 16 rang
v ¢6 su thay doi rd rét trong ving phd 4nh sang nhin thay. Diéu nay
ching to cac mau sic duge khic laser co su khéc biét rd nét.
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Bang 2. Sé liéu bo thong sé khac laser tao mau trén vat liéu
inox 304 BA.

TT Miusic Tocdj khic Congsuit Tinsoliplai  Khodng céch Vi tri hoi
(mm/s) laser P(W) xungf(kHz)  dwong khic H (mm) tu Az (mm)
1 Vang(cam) 50 486 400 0,01 0
2 Do 110 486 550 0,01 0
3 Tim(nhat) 115 51 500 0,01 0
4 Tim 100 486 500 0,01 0
5 Tim(ddm) 85 486 500 0,01 0
6 Xamhlam 70 486 500 0,01 0
7 Xanhlo 65 486 500 0,01 0
8§ Xanhla 110 3,64 100 0,01 0
9 Den 500 9,62 40 0,01 0
10 Tring (bac) 1.000 438 35 0,01 0

Bang 3. S6 liéu bé théng sé khac laser tao mau trén vat liéu
hop kim titan grade 5.

o Tl Tocdjkhic Congsudt TinsOliplai  Khodngcich dwimg Vi tri hoi
v (mm/s) laser P(W)  xung f (kHz) khic H (mm) tu Az (mm)
1 Ghi 150 438 1.000 0,01 0
2 Xanhlo 200 438 1.000 0,01 0
3 Xanhlam 250 438 1.000 0,01 0
4 Xanhlam (dam) 320 438 1.000 0,01 0
5 Timndu 370 438 1.000 0,01 0
6 Vang(dgm) 450 438 1.000 0,01 0
7 Vang (nhat) 700 438 1.000 0,01 0
§  Tring bac 700 557 50 0,01 0
9 Den 100 1499 1.000 0,01 0
0,32 -
2
6 0,28 | s
T o2
s - Mau 1
E 020 (tim do)
‘(:- Mau 2
=
Mau 3
0,12 (vang)
460 5(‘)0 660 7(‘]0 860
Budc song (nM)

Hinh 7. Phé phan xa bé mat cia 3 mau thir nghiém.

Keét luan

Hé khéq tao mau trén bé mit kim loai str dung laser cong suit cao
da duqcrché‘ tao thanh chg. ’Céc‘ thong s6 cua h¢ da d}f(jC ghi nhén:
cong suat dau ra 25 W, tan 6 diu chinh duge tir 2 dén 1.000 KHz,
d9 rong xung 3-350 ns. Cac ket qua thu nghi¢m khac tao mau theo
phuong phap oxy hoa bé mit trén mot sé vat liéu kim loai nhu inox,
hop kim titan v&i d§ bén mau, do sdc nét, toc do xur ly, tinh linh hoat
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cao, kha ning tao ra cac tinh nang chinh xac va mau sic khac nhau
trén mot dién tich nhd va than thién véi moi truong. Viée ché tao thanh
cong hé thiét bj khic laser tao mau gép phan mo ra mot sd hudng ing
dung cta cong nghé laser trong viéc tao ra cac hinh anh khéc laser co
nhiéu mau sic da dang hon rat nhiéu so véi cac may khic laser den
tréing thong thuong. Viée 4p dung cong nghé nay tao nén nhitng san
phém khéc chét lugng, thdm my, ngh¢ thudt va co gia tri cao.

Nhom tac gia xin tran trong cam on Trung tdm Cong ngh¢ Laser,
Vién Ung dung Cong nghé, B Khoa hoc va Cong nghé da tai tro cho
nghién clru nay.

TAI LIEU THAM KHAO

[1] X. Yu, et al. (2014), “Laser-induced breakdown spectroscopy application
in environmental monitoring of water quality: A review”, Environ. Monit. Assess.,
186(12), pp.8969-80.

[2] L. Fiorani, et al. (2010), “Environmental monitoring by laser radar”, Romanian
Journal of Physics, 56(3), pp.448-459.

[3] L.E. Viana, et al. (2019), “Use of fish scales in environmental monitoring by
the application of Laser-induced breakdown spectroscopy (LIBS)”, Chemosphere, 228,
pp.258-263.

[4] https://www.sme.org/technologies/articles/2016/february/fiber-lasers-
continue-to-gain-market-share-in-material-processing-applications/.

[5] https:// www. laserfocusworld.com/industrial-laser-solutions/article/ 14215551/
highpower-fiber-lasers-gain-market-share.

[6] N.Z. Michalis, et al. (2014), “High power fiber lasers: A review”, IEEE Journal
of Selected Topics in Quantum Electronics, 20(5), pp.219-241.

[7] C.P. Katherine, et al. (2015), “Ultrafast laser processing of materials: A
review”, Advances in Optics and Photonics, 7(4), pp.684-712.

[8] S. Popov (2009), “Chapter 7: Fiber laser overview and medical applications”,
Tunable Laser Applications, CRC Press.

[9] R. Lukas, K.N. Plataniotis (2006), Color Image Processing: Methods and
Applications, 600pp, CRC Press.

[10] V.P. Veiko, et al. (2013), “Availability of methods of chemical thermodynamics
and kinetics for the analysis of chemical transformations on metal surfaces under pulsed
laser action”, Laser Phys., 23(6), DOI: 10.1088/1054-660X/23/6/066001.

[11]7 A.A. Slobodov (2013), “Modeling of laser thermochemical action on metals
by chemical thermodynamics and kinetics methods”, Proceedings of Fundamentals of
Laser Assisted Micro - and Nanotechnologies, 62pp.

[12] S. Shakir, J. Sousa (2010), “MOPA fiber laser with controlled pulse width and
peak power for optimizing micromachining applications”, Proceedings of SPIE - The
International Society for Optical Engineering, 7584, DOI: 10.1117/12.846928.

[13] A. Galvanauskas (2001), “Mode-scalable fiber-based chirped pulse
amplification systems”, J. Sel. Top. Quantum Electron., 1(4), pp.504-517.

[14]]. Limpert, et al. (2002), “High-power femtosecond Yb-doped fiber amplifier”,
Opt. Express, 10(14), pp.628-638.

[15] E.M. Westin, et al. (2009), “Effect of laser color marking on the corrosion
performance of stainless steel”, ICALEO 2009 - International Congress on Applications
of Lasers and Electro-Optics, 102, pp.1245-1250.



