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NGHIEN CUU ANH HUGNG CUA NONG D0 OXY
T01 D0 NHAM BE MAT CHI TIET THEP KHONG Gi 3161
DANH BONG BANG LASER XUNG SO1 QUANG

STUDY ON THE INFLUENCE OF OXYGEN LEVEL ON THE SURFACE ROUGHNESS OF 316L STAINLESS STEEL
POLISHED BY NANOSECOND PULSED FIBER LASER
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TOM TAT

Danh bong bang laser la mdt trong nhiing céng nghé tién tién gidp lam giam d6 nham bé mat chi tiét ma khong can su tiép xdc cla dung cu gia cong va chi
tiét danh bong. So véi cac phuong phap danh béng thong thutng, danh bong bang laser khng géy ra mai mon dung cu, khdng c6 phoi gia cong, ¢d thé gia cong
duac cac vat liéu dac biét nhu thay tinh, gdm. Hon nita c6 thé danh bong dugc cac dang bé mat phiic tap bang cach diéu khién chim tia laser. Qué trinh dénh
béng bang laser c6 thé dugc thuc hién mdt cach hiéu qua khi kiém sodt t6t céc thong s6 cong nghé. Tuy vay, c6 qua nhiéu nhiing yéu t6 anh hudng dén qua trinh
nay va viéc kiém sodt dugc tat ca chiing la van dé vo ciing khd khan. Nhiéu nghién ctiu da tap trung dé cd gang gidi quyét van dé nay. Trong bai bao nay, tac gia
nghién ctiu su anh hudng ndng d6 khi oxy téi chat lugng bé mat chi tiét thép khdng gi 316L, dugc danh bong bang laser xung soi quang. Két qua nghién ctiu cho
thdy, viéc gidm ndng do dxy trong viing gia cdng ty 1é thuan véi hiéu qua danh bong, dong thi ciing han ché kha néng bi oxy hda I6p kim loai bé mat cla chi
tiét. Cac két qua nghién cGu la co s6 tham khao hitu ich cho cdc nghién c(u tiép theo vé ddnh bong bang laser xung soi quang.

Tir khéa: Ddnh béng, laser xung, 316L.

ABSTRACT

Laser polishing is an advanced technology that reduces surface roughness without direct contact between the polishing tool and the workpiece. Compared
to conventional methods, it causes no tool wear, generates no machining debris, and can be applied to processing hard-to-polish materials such as glass and
ceramics. Additionally, laser polishing is well-suited for complex surface geometries due to its conformable polishing beam characteristic. The effectiveness of
laser polishing depends on precise control of processing parameters. However, identifying key factors and managing them efficiently remains challenging. As a
result, numerous studies have been dedicated to addressing this issue. In this study, the authors examine the impact of oxygen level on the surface quality of
316L stainless steel polished using pulsed fiber laser technology. The findings reveal that lowering the oxygen level in the machining zone enhances polishing
efficiency while simultaneously reducing surface oxidation. This research offers both fundamental and practical insights into laser polishing processes, serving
as a reliable reference for future studies in this field.
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1. GIGI THIEU

Thép khoéng gi 316L la mét loai hgp kim thudc dong
austenitic cé chita molybden (Mo) [1], gitp tang kha nang
ch6ng an mon, dac biét trong moi trudng chira clo va axit.
Pay la phién ban carbon thap cla thép khong gi 316,
dugc thiét k& dé gidm thi€éu nguy ca dn mon ké hg va tang
kha nang han. Véi kha nang chéng an mon vugt troi, gitr
dugc d6 bén va dé déo dai ngay & nhiét dé thap, dac biét
khong nhiém tl, hgp kim 316L dugc tng dung rong rai
trong cac linh vuc y t&, hang hai, céng nghiép héa chat va
dé trang stic, nhat la dong hé cao cap.

Panh bong bang laser ndi 1én la mot trong cac
phuong phap hoan thién bé mat méi day hda hen, do la
moét qua trinh nhiét dong luc hoc phc tap, trong dé cac
chum tia laser c6 cudng dé cao tac dong Ién bé mat kim
loai, sau dé lam néng chdy mét I6p méng trén bé mat clia
ching. Khi chum tia laser tuong tac véi bé mat kim loai,
mét viing néng chay dugc tao ra trén mot I6p mong cla
bé mat kim loai. BE ndng chay nay & trang thai 16ng sau
d6 dugc phan phéi lai xung quanh khu vuc lan can dudi
tdc dong da hudng cla stic cang bé mat [2]. Khong cé sy
loai bo vat liéu nao dién ra trong qua trinh néng chay lai
vi kim loai dugc lam ran lai trén cing mét bé mat. Hinh 1
thé hién nguyén ly danh béong bang laser.
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Hinh 1. Nguyén Iy danh béng bang laser

Vé ban chat, danh bdéng bang laser 1a mét quy trinh
dua trén nguyén ly nhiét dong luc hoc. Khi tia laser lam
nong chay bé mat kim loai, stic cang bé mat sé khién Iop
kim loai ndng chay tu trdi phang, sau do tai dong dac,
giup lam gidm cac map mé trén bé mat. Tuy nhién, trong
qua trinh tang nhiét do va nong chdy, kim loai cé xu
huéng phan ng véi oxy trong khéng khi, tao ra I16p Oxit
kim loai. L&p Oxit nay cé nhiét d6 néng chdy cao hon so
vGi kim loai nén, gdy can tré cho qua trinh danh bong &
cac giai doan tiép theo. Do d06, viéc sir dung khi bao vé la
can thiét dé han ché hoac loai bé su hinh thanh éxit, ddm
bao hiéu qua cla qua trinh danh bong bang laser.

Anh hudng ctia khi bao vé téi chat lugng bé mat chi tiét
danh bong bang laser da dugc L. Giorleo va cdng sunghién
clu trong qua trinh danh béng vat liéu Titan [3]. Trong

94 | Tap chi Khoa hoc va Cong nghé Trudng Dai hoc Céng nghiép Ha Ni

nghién cu nay, cac tac gid da st dung khi Nito bom truc
ti€p vao bé mat gia cong véi cadc muc ap suat Obar, 5bar va
10bar. Két qua thi nghiém cho thay, viéc cé khi bao vé lam
chat lugng bé mat chi tiét danh béng dugc cai thién t6t
hon so véi diéu kién khéng cé khi bao vé. Diéu nay dugc
gidi thich la do khi bdo vé c6 vai tré quan trong trong viéc
tranh cac giot néng chay trén bé mat da dugc danh bong,
bao vé vung gia cong khéi hién tugng oxy héa va tang hiéu
suat ctia quy trinh bang cach loai bo plasma ra khoi viing
lam viéc. Tolgahan Ermergen va cong sy da danh béng cac
mau Ti-6Al-4V dugc san xuat bang phuong phap boi dap
(SLM) st dung Argon lam khi b3o vé [4]. Nghién ctu da chi
ra rang, su 6n dinh ctia dong khi bao vé trong qua trinh
danh béng bang laser dong vai trd quan trong trong viéc
dat duoc bé mat vat liéu dong déu. Mac du cé thé xay ra
cac thay déi vé chat lugng bé mat ngay ca khi dong khi
khong 6n dinh, két qua clia viéc thay déi bé mat co thé
khac nhau tuy thudc vao vat liéu. Nghién ciru nhan manh
tam quan trong ctia dd nham bé mat, vi mét sé tinh chat
cd hoc, chdng han nhu d6 bén mai, bi anh hudng truc ti€p
b&i @6 nham. Cac nha nghién ctiu cho rang d6 bén moi ctia
cac mau chiu dong khi khéng 6n dinh c6 thé bi suy gidm
va tao ra két qua khéng mong doi. Nguoc lai, bé mat dong
déu va gia tri Ra (d6 nham bé mat) t6t hon clia cdc mau cé
dong khi 6n dinh sé mang lai d6 bén maéi vuot trdi. Nghién
ctu ctia Jilin Xu va cong su [5] so sanh vé kha nang béo vé
cta khi trong qua trinh danh bong bang laser qua hai
phuang phap: bao vé trong budng kin va phun truc tiép tu
voi phun. Két qua cho thdy, dé nham bé mat giam ro rét
khi tang luu lugng khi bdo vé va muc do gidm nham trong
cd hai phuong phap dung khi bdo vé la tuong tu nhau. Tuy
nhién néu luu lugng khi bao vé qua cao sé dan dén su xuat
hién cac gogn song bé mat chi tiét dugc danh bong, tir do
lam tang d6 nham. Nghién clu ciing chi ra rdng, véi
phuong phap st dung khi tir voi phun nhay cdm hon véi
luu lugng khi so véi phuong phap st dung buéng kin khi
luu lugng khi lén.
2. THUC NGHIEM
2.1. M6 hinh thi nghiém

Chum laser danh boéng (fiber, Yb-doped, MOPA, A =
1064nm) dugc tao ra tl nguén laser c6 cong suat 35W,
dugc diéu khién bai hé thdng guang galvo, cho phép téc
dé quét toi da lén dén 2000mm/s. Cac théng s6 clia chum
laser dugc diéu chinh théng qua phan mém cai dat trén
may tinh. Vat liéu thi nghiém la thép khong gi 316L c6
thanh phan héa hoc dugc thé hién trong bang 1. Mau thi
nghiém dugc ché tao bang phuong phap phay, cé kich
thudc bé mat 100x100mm. Sau khi phay xong, bé mat
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mau dugc lam sach bang aceton sau do6 tién hanh do d6
nham ban dau bang may do ZeGage™ Pro HR 3D (My).
Trong qua trinh danh bong, mau dugc dat trong mot
buéng kin st dung khi bao vé la Argon cé d6 tinh khiét
99,99%, dugc cap ti mot binh khi nén théng qua van tiét
luu d€ kiém soat luu lugng khi bom vao buéng gia cong.
Mot cam bién do ndng d6 Oxy dugc dat trong buéng va
két ndi vGi may tinh dé hién thi két qua do. So d6 bé tri thi
nghiém dugc thé hién trén hinh 2.
Bang 1. Thanh phan hda hoc clia thép khong gi 316L [1]

Crom | Dong | Sat | Mangan | Molypden | Nikel | Phét pho
(@ | (cu) | (Fe) | (Mm) | (Mo) | (i) | (p)
17,42% | 0,02% | 66,52% | 0,60% 2,36% |12,53%| 0,01%
-\ﬁ\ Gwong Galvo Q ﬁ:
i % May tinh
Khira .
1 Cam bién Oxy [~ === Khi Argon
- -

Hinh 2. B4 tri thi nghiém: a) So dd thi nghiém; b) Thiét bi thi nghiém
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2.2. Quy trinh thi nghiém

Cac thi nghiém danh béng bang laser dugc thuc hién
trong buéng kin chira hén hgp khi argon. Khi argon dugc
chua trong binh khi nén dugc bom vao buéng thong qua
clia vao, cé thé diéu chinh luu lugng bang van tiét luu. Clta
xa khi dugc mé dong thai vai qua trinh bom khi dé dudi
oxy ra ngoai. Man hinh hién thi cho phép theo déi va kiém
soat nong dé dxy trong budng. Khi néng dé oxy dat dén
gia tri mong muén, diéu chinh ca van bom va van xa dé
duy tri 6xy & muic 6n dinh. Mdi khu vuc danh béng tuang
Ung véi mét bo théng s6 cong nghé co kich thudc 5x5mm.

Cac thiétlap théng s6 co ban clia quy trinh danh béng
bang laser la cong suat laser P = 26,25W, téc d6 quét
Vscan = 590mm/gidy, tan sé lap f = 30kHz, d6 réng xung
Pw = 225ns. N6éng d6 6xy dugc duy tri & 5 muc 1%, 5%,
10%, 15% va 20%. Cac thiét lap théng s6 quy trinh dé
danh béng bang laser dugc hién thi trong bang 2. Viéc lua
chon céc gid tri nay dua trén nghién ctu trudc doé cla
nhom tac gia vé t6i uu hda cac thong s6 cdng nghé trong
qua trinh danh béng thép khéng ri 316L. Két qua cua
nghién ctu cho thdy, b6 théng s6 céng suat laser
P = 26,25W, t6c d0 quét Vian = 590mm/s, tan so6 lap
f = 30kHz, d6 rong xung P,, = 225ns cho hiéu qua danh
bdng téi uu. VGi thong s6 ndng dé Oxy, dugc chia theo
phuang phap tuyén tinh va lam tron thong sé vaéi muc I6n
nhat la 20% tuong Ung véi ndng dd Oxy trong khi quyén
va 1% la muc nhd nhat ma hé thi nghiém c6 thé tao ra
dugc. Vi mbi bod thong sé thi nghiém sé dugc ap dung
danh béng trén 3 mau dé dam bao tinh tin cay cta két qua.

Bang 2. Thong s cdng nghé danh bong hgp kim 316L

(ongsuat | Tocdd quét | Tansdlap | Doréng | Nong do oxy
(W) (mm/s) (kHz) | Xxung(ns) (%)
26,25 590 30 225 1;5;10;15; 20

3. KET QUA THi NGHIEM VA THAO LUAN

Cac mau sau khi danh bong dugc quan sét trén kinh
hién vi ky thuat s6 Axioskop 2 (Nhat Ban) dé kiém tra dac
tinh 16p bé mat déng thai xac dinh d6 nham bang may
do ZeGage™ Pro HR 3D (Hoa Ky). Két qua do nham trén
cac mau dugc thé hién trong bang 3.
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e) f)
Hinh 3. B& mdt cac mau: a) Trudc khi danh bong; b) Nong do oxy 20%;
¢) Nong do oxy 15%; d) Nong dd oxy 10%; e) Nong do oxy 5%; ) Nong do oxy 1%

Bang 3. Két qua do nham sau danh bong clia cdc mau

Mau | Lan1(um) | Lan2(um) | Lan3 (um) | Trung binh (um)
RO 1,288 1,291 1,302 1,294
R1 1,016 1,025 1,008 1,016
R5 0,845 0,840 0,853 0,846

R10 0,717 0,723 0,728 0,723

R15 0,592 0,582 0,599 0,591

R20 0,425 0,428 0,421 0,425

Trong d6, RO, R1, R5, R10, R15, R20 tuang ung véi cac
mau chua danh béng, mau dugc danh bong véi nong do
Oxy 1%, 5%, 10%, 15% va 20%.

Bang 4. Phan tich dd tin cdy cla dif liéu

2 Kh 3 ~ ~
Mau Trung Do léch Sai so ti:::: Hé so bién
binh (pm) | chuan (SD) | chuan (SE 7 | thién (C(V%
(um) (SD) (SE) 95% (<) (CV%)
RO 1,294 0,0074 0,0043 +0,0185 0,57%
R1 1,016 0,0086 0,0050 +0,0215 0,85%
R5 0,846 0,0065 0,0038 +0,0164 0,77%
R10 0,722 0,0057 0,0033 +0,0142 0,79%
R15 0,591 0,0086 0,0050 +0,0215 1,46%
R20 0,424 0,0035 0,0020 +0,0086 0,82%
Trong d6 [6]:
_ 2 _ 2 _ 2
-6 lech chugn: sp=1 FX X +X,X)
n-1
- Sai s6 chun: sg=>2
n

- Khodng tin cay 95%: Clziitx2

Jn
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- Hé s6 bién thién: CV=$><100%
X

VGi n =3 (s6 lan thi nghiém)

Xi: gid tri @6 nham

X : d6 nham trung binh

t: chi s6 Student, véin=3,t= 4,3

Tu két qua phan tich d6 tin cdy cta di liéu & bang 4,
c6 thé danh gia nhu sau:

- K&t qua thi nghiém c6 d6 tin cay & muic 95% vé mat
théng ké.

- Tat ca cac mau déu co6 hé sé bién thién < 5%, ngoai
ra hé s6 bién thién trung binh chi 0,88%, cho thay két qua
6 tinh 8n dinh va dang tin cay vé mat thuc nghiém.

Vi két quéa danh bong khi khéng cé khibao vé, co thé
thay ré cac vuing bi 6 xy héa (cac viing mau nau) va cac
giot ndng chay cuc b, mot sé vi tri ving néng chay tao
thanh dai. Diéu nay c6 thé giai thich la do & nhiét d6 cao,
I6p kim loai trén bé mat phan (ng vai 6 xy trong khong
khi tao ra cac 6 xit kim loai c6 mau nau, déng thai, vung
néng chay sé déng dac lau han cho dén khi chum laser
quét tai lan hai, nd lam cho phan kim loai ch bi cay lén,
diéu nay lam cho dé nham bé mat chi tiét tang. Khi tang
dan ty & khi bao vé trong budng gia cong (giam ty |é oxy),
I6p khi nay bao phti vung kim loai nédng chay lam han ché
qua trinh phan Ung 6xy hda, dong thagi dong khi luu
thong trong budng cling lam cho t6c d6 ngudi cla vung
kim loai nédng chady nhanh hon, han ché kha nang tai néng
chdy. C6 thé thay do min cla bé mat chi tiét ty lé thuan
vGi d6 giam ndng dé khi 6xy trong budng, déng nghia véi
dd nham bé mat chi tiét giam di. Hinh 5 cho thay muc do
giam nham cla cac mau tuong Ung véi nbng do oxy
trong budng gia cong.
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khi khac nhau. V&i ndng dé khi bao vé cang I6n, 6 nham
bé mat cang giam. Diéu nay dugc giai thich la do qua
trinh danh bong, 16p kim loai bé mat & nhiét d6 cao phan
Ung véi 6 xy trong khong khi tao ra I16p 6 xit ngan can cac
lugt danh bong tiép theo, khi néng d6 khi bao vé cang
I&n, qua trinh oxy hda gidm di va lam tang hiéu qua danh
béng. Nghién cttu nay mang dén giai phap hiw ich cho
viéc st dung khi bao vé trong qua trinh danh béng kim
Hinh 4.D0 nham bé mét cdc méu: a) Trudc khi danh béng; b) Nong do dxy  loai bang laser dé ting hiéu qua clia qua trinh.
20%; ¢) Nong dd dxy 15%; d) Nong do xy 10%; e) Nong dd oxy 5%; f) Nong
do oxy 1%
1.4

TAI LIEU THAM KHAO

[1]. Parr G., Hanson A., An Introduction to Stainless Steel [MI]. Materials
Park: ASM, 1965.

[2]. Gisario Annamaria, Barletta Massimiliano, Veniali Francesco, “Laser
polishing: a review of a constantly growing technology in the surface finishing

1.2 1

-
o
1

ham, Ra (pm)
=)
©

0.6 of components made by additive manufacturing,” The International Journal of
;_ - Advanced Manufacturing Technology, 120:1433-1472, 2022.
@ 0.4+
[3]. L. Giorleoa, E. Cerettia, C. Giardinib, “Ti surface laser polishing: effect
0.2 of laser path and assist gas,” in 9th CIRP Conference on Intelligent Computation
0.0 in Manufacturing Engineering - CIRP ICME '14. Procedia CIRP 33: 446 - 451,
RO R20 R15 R10 RS R1 2015.
Mau [4]. Tolgahan Ermergen, Fatih Taylan, ismail Serkan Uncii and Ersin
a) Kayahan, “Investigating the influence of shielding gas stability of laser
70 4 polished Ti-6Al-4V alloy using image processing,” International Advanced
Researches and Engineering Journal 07(02): 072-078, 2023.
] [51. Jilin Xu, Ping Zou, Xue Wang, Angi Wang, Lu Liu, “Investigation into
X e e ;
= 50 4 the laser polishing of an austenitic stainless steel,” Optics & Laser Technology
< 40 163,109378, 2023.
o
E_ [6]. NIST/SEMATECH, e-Handbook of Statistical Methods, Section 3.3. NIST,
'gj - 2012. [Online]. Available: https://www.itl.nist.gov/div898/handbook/pm¢/
@ 20 - section3/pmc33.htm
10
0-
RO R20 Rt I\?Iéu R10. RS Ri AUTHORS INFORMATION
. Le Van Van', Tran Van Chau?,

Nguyen Thai Tat Hoan', Vu Thanh Tung'
Hinh 5. Biéu d6 do nhdm (a) va giam nham (b) cic bé mat sau dénh bong

tuong ting véi ndng do dxy trong budng gia cong
4, KET LUAN

Bai bdo nay trinh bay két qua nghién ctu vé su anh
hudng ctia néng d6 khi bao vé téi @6 nham bé mat hop
kim 316L dugc danh bong bang laser fiber & ché d6 phat
xung. D6 nham bé mat trudc va sau danh bong da dugc
so sanh va danh gia. Két qua cho thdy c6 su anh hudng ro
rét cia khi bao vé t¢i d6 nham bé mat vai nhiing ndng dé
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