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ABSTRACT

This study focuses on analyzing the effects of process parameters,
including laser power (P), scanning speed (v), and pulse frequency
(f) on the surface roughness of 6061 aluminum alloy during pulsed
Nd:YAG laser polishing. A full experimental design was conducted
with 27 combinations, evaluating surface roughness in two
directions (Rax and Ray). Analysis of variance (ANOVA) indicates
that Rax is predominantly influenced by scanning speed, while Ray
depends primarily on laser power. Notably, the P—v interaction
effect also showed statistical significance regarding surface
roughness. Furthermore, two separate Multilayer Perceptron
(MLP) models were developed to predict Rax and Ray. The testing
results demonstrate high prediction accuracy, with R? values of
0.964 for Rax and 0.961 for Ray. These findings provide a scientific
foundation for optimizing laser polishing parameters on 6061
aluminum alloy.

Keywords: Pulsed laser, Surface polishing, Aluminum 6061,
Multilayer Perceptron neural network
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1. GIOI THIEU

Trong san xuat hop myc may in tir nhom 6061,
chat lugng bé mat 1a yéu td quyét dinh sy thanh bai
ctia cong doan an6t hoa. Nhimg khiém khuyét sau
khi phay nhu vét dao hay nham khong déu truc tiép
lam yéu di lién két bam dinh cua 16p phu. Dé giai
quyét trigt dé, cong ngh¢ danh bong bang laser (LP)
dang dan thay thé cac phuong phap co hoc truyén
thong Véi hidu suét cai thién d6 nham vuot troi
(80-90%), LP khong chi téi wu hoa kha nang chong
mai mon ma con khang dinh budc tién méi trong xu
hudng san xuat xanh hién nay (Azarhoushang et al.,
2021). Cong nghé LP da tré thanh mot phuong phap
tién tién, thay thé hodc bd sung cho cac phuong phap
truyén théng nhu danh bong co hoc hodc dién hoa
(Dubey & Yadava, 2008; Steen & Mazumder,
2010). Cac nghién ctru tong quan gin diy bao céo
rang LP c6 thé cai thién d6 nham bé mit tir 80-90%
trong diéu kién t6i vu (Gisario et al., 2022; Manco
et al., 2022).

Laser Nd:YAG (neodymium-doped yttrium
aluminum garnet) dugc uu tién lya chon vi phat xa
anh sang tai bu6c song khoang 1064 nm, cung kha
nang hoat dong ¢ ché d¢ xung hoic lién tuc (CW),
cho phép dleu chinh linh hoat cong sudt va tan sb
theo yéu cau. Didu nay gitp kiém soat vung anh
hudng nhiét moét cach chinh xac, han ché bién dang
do nhiét va giam thiéu khuyét tat bé mat (Tunna et
al., 2001). Trén nén hop kim nhom, déc biét 1a 6061,
cac thir nghiém véi Nd:YAG (6 ché d6 xung) da
chung minh hiéu qua rd rét trong viéc diéu chinh vi
cAu tric va cai thién ddc trung bé mit (Choi et al.,
2012; Yin et al., 2021).

Nguyén 1y cbt 13i cua phuong phdp danh bong
bang laser (LP) dya trén hién tuong néng chay cuc
bd clia cac mip md bé mat, két hop v6i hiéu tmg
dong chay do sirc cing bé mat dé tai tao 16p phu
dong nhat. Hiéu qua ciia qua trinh nay phy thugc mat
thiét vao su tuong tac nhiét dong va kiém soat do
chdng 1an. Theo cac nghién ctu dién hinh (Krishnan
& Fang, 2019), cong sudt (P), tbc do quét (v) va tan
s6 xung (f) 1a nhimg tham s6 then chot quyet dinh
d6 nham sau gia cong. Thyuc nghiém cho thay rang,
dudi cac didu kién thong sb thich hop, 46 nham bé
mit trung binh ctia mot s6 vét liéu kim loai c¢6 thé
giam hon 80% (Bordatchev et al., 2014). Dac biét,
dbi voi cac chi tiét in 3D tr hop kim nhém
(SLM/DED), viéc st dung ngudn xung khong chi
gitip giam chi s6 S, t6i 88% ma con hd trg chuyén
d6i trang thai img suat du sang trung tinh hodc tmg
suat nén (Bhaduri et al., 2021). Ngoai ra, cac mo
hinh hién dai ciing khéng dinh vai trd cua tan sb
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xung cao va chién lugc quét da 16p trong viéc on
dinh dong chay nhiét va dinh huéng cau trac bé mat
(Hofele et al., 2021).

Céc nghién ciru vé tién xir Iy hop kim nhém 6061
bang laser Nd:YAG (nhu chiéu xa trude khi phi
Si0;) d chi ra ring mat do nang luong va phéan bd
nhiét dong vai tro quyét dinh dén nhiét va dong hoc
dong chay (Yin et al., 2021). Ngoai ra, viéc kiém
soat truong nhiét vi mé chinh 1a yéu td then chét dé
t6i wru hoa cac dic tinh bé mat nhu kha nang tham
w6t va chdng an mon (Zhou et al., 2025). Mic du ba
tham sb P, v va f duoc xac dinh 13 nhitng nhan td cbt
15i chi phéi chu trinh nong chay — dong dic va do
nham Ra, nhung cic nghién ctru hién nay van chua
khai thac triét dé su twong tic giita ching thong qua
cac mo hinh thiét ké thi nghiém (DOE) ctia h¢ thong.
So v6i cac vat lidu nhu thép hay titan, dir liéu vé
phuong phap LP trén nhom 6061 van con kha roi
rac, dic biét 1a thiéu nhiing phan tich sau vé vai tro
clia tan s6 xung trong viéc diéu phdi hién tuong
chdng 1ap nhiét (Krishnan & Fang, 2019).

Nghién ctru nay tap trung vao hai muc tiéu
chinh: (i) danh gia cac twong tac gilta cong suét (P),
tdc do quét (v) va tan sd xung (f) cua laser Nd:YAG
trong qua trinh danh bong bang laser trén hop kim
nhom 6061 va (ii) xay dung mo hinh dy doan d¢
nham bé mit Ra dua trén mang no-ron nhiéu 16p
(MLP), cho phép du doan d6 nham bé mit theo hai
phuong x va y, lan lugt 1a Rax va Ray tir td hop cac
thong sé dau vao.

2. PHUONG PHAP NGHIEN CUU
2.1. B tri thi nghiém va vat liéu

Céc thi nghiém duoc tién hanh trén may laser
xung 30 W, véi ngudn laser soi quang MFP-30X-
NABBA4.3, Maxphotonics c¢6 budc song 1070 nm,
d6 rong xung 100 ns va thau kinh hoi tu c6 tiéu cu
110 mm véi dudng kinh chum tia tai tiéu diém 30
pm trén bé mat. Mau thi nghiém 1a hop kim nhém
6061 dang tim (kich thugc 250 x 30 x 3 mm). Qua
trinh danh bong dugc thyc hién v6i cac thong sé déu
vao la cong suat laser (P), toc do quét (v) va tan so
xung (f). Mdi thong s6 c¢6 3 mirc gia trj trinh bay
trong Bang 1.

Bang 1. Thong so laser trong thi nghiém

A £ Mire
Thong so 1 2 3
P (W) 10 15 20
f (kHz) 35 40 45
v (mm/s) 600 800 1000
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Téng cong 27 }6 hgp thi nghiém d}rqc b tri theo théng s6 va két qua thu dugc tir cac thi nghiém dugc
phuong phép thiet ké thi nghiém day du. Cac bo tong hop va trinh bay trong Bang 2.
Bing 2. Cac to hop thong 56 laser va két qua do nham bé mit Rax, Ray

Théng s6 dau vao Chat lrong diu ra
Thir twy  Cong suit, Tén s6 xung, Téc d9 quét, PO nham bé mit, Do nham bé mit,
P (W) f (kHz) v (mm/s) Rax (um) Ray (um)
1 10 35 600 2,167 1,658
2 10 35 800 2,251 1,655
3 10 35 1000 2,227 1,725
4 10 40 600 2,169 1,443
5 10 40 800 2,237 1,913
6 10 40 1000 2,243 1,942
7 10 45 600 2,217 2,090
8 10 45 800 2,210 1,951
9 10 45 1000 2,287 1,792
10 15 35 600 2,364 1,902
11 15 35 800 2,116 1,985
12 15 35 1000 2,181 1,965
13 15 40 600 2,508 2,058
14 15 40 800 2,146 2,029
15 15 40 1000 2,176 1,749
16 15 45 600 2,420 2,173
17 15 45 800 2,242 1,878
18 15 45 1000 2,229 1,911
19 20 35 600 2,634 2,607
20 20 35 800 2,214 2,233
21 20 35 1000 2,169 2,015
22 20 40 600 2,511 2,595
23 20 40 800 2,328 2,320
24 20 40 1000 2,110 2,116
25 20 45 600 2,532 2,621
26 20 45 800 2,241 2,190
27 20 45 1000 2,128 2,063

chat bé miat. Chi sé ¢ nham Ra dugc xac dinh bang
may do Accretech Handysurf+ theo tiéu chuan ISO
4287/ISO 4288. Pé tang do tin cdy, mdi mau dugc
do theo hai phuong vudng goc (x vay), vai ba vi tri
do 1ap lai trén mdi phuong. Gid tri Ra trung binh thu
dugc tir cac phép do nay 1a théng s dau ra phuc vu
cho qua trinh phéan tich. Téng thé quy trinh thuc
nghiém va danh gia Kkét qua dugc tom lugc tai
Hinh 2.

Thi nghiém duogc tién hanh trén ving danh boéng
25 x 15 mm. Bé dam bao tinh khach quan va nhét
quan cua dir liéu, diéu kién hoi tu chum tia, budc
quét va sb lugt quét (don luot) duge duy tri ¢d dinh
cho tat ca cic mau. So d6 b tri thiét bi chi tiét duge
minh hoa tai Hinh 1. Sau quy trinh danh bong bang
laser, cac mau duoc tay rira bang con 70° trong bé
siéu 4m trong 10 phut dé loai bo hoan toan céac tap
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Hinh 2. So db téng thé ciia thi nghiém va phwong phap danh gia két qua diu ra

2.2. Phwong phiap Multilayer Perceptron
neural network

Mang no-ron nhan tao da 16p (Multilayer
Perceptron - MLP) (Aitkin & Rob, 2003) dugc tGng
dung dé xay dung mé hinh du doan d6 nham bé mit
Ra ctia miu sau qué trinh danh bong bang laser. Mo
hinh str dung ba thong s6 «cong ngh¢ déu vao gdm:
cong suat laser (P), tan s6 xung (f) va toc do quet
(v). La mot kién trac  mang truyén thang
(feedforward), MLP bao gbém lop dau vao, cac 16p
an voi cac no-ron xtr ly phi tuyén valép dau ra cung
cap gia tri du doan. Trong cac 16p & an, cac ham kich
hoat phi tuyén nhu ReLU, tanh hodc Sigmoid duoc
tich hgp nhdm mé hinh héa mdi quan hé phic tap
giita cac thong sé cong nghé va chat luong bé mat.

Quy trinh xay dyng m6 hinh duoc thyc hién tuan
tu dé mo ta sy twong tac gitra cac thong sb laser va
d6 nham bé miat (Rax va Ray) cua hgp kim nhém
6061. Trudc tién, dir licu thuc nghiém dugc chuin
hoa dé dam bao tinh dong nhét vé thang do giita cac
bién dau vao. Sau do, tdp dit li€u dugc phan chia
thanh tap huan luyén (80%) va tap kiém tra (20%);
trong d6 15% dir liéu huén luyén dugc sir dung lam
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tap xac thyc (validation) nham danh gia khach quan
kha nang tong quat hoa cua m6 hinh. Céu trac mang
(s6 10p 4n, s& no-ron) va cic siéu tham sb
(hyperparameters) dugc xac dinh thong qua qua
trinh thr nghiém, hi€u chinh va danh gia d¢ chinh
xéc dua trén cac chi sd sai sb, dam bao mé hinh dat
d6 chinh xac tdi uu.

Dé han ché hién tuong quéa khép (overfitting), ba
co ché dugc ap dung trong qua trinh huan luyén: (i)
st dyng phuong phap chudn hoa L2 (L2
regularization) dé kiém soat d6 16n ctia cac trong sd;
(ii) ap dung dung som (early stopping) voi tap xac
thuc nham dimg qua trinh hoc khi md hinh bat dau
suy giam kha ning téng quat hoa va (iii) bo sung
nhiéu Gaussian (Gaussian noise) c6 bién do nho vao
dir liéu huan luyén, nham ting tinh da dang cua dir
liéu (Zur et al., 2009; Ying, 2019). Hi¢u suét cia mo
hinh duoc danh gia thong qua hé sb xac dinh (R?) va
sai O phan tram tuyét doi trung binh (MAPE) trén
tap kiém tra.

Quy trinh huén luyén mang MLP trong nghién
clru ndy bao gdm hai giai doan chinh: lan truyén tién
(forward propagation) va lan truyén nguoc
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(backpropagatlon) Trong giai doan lan truyén tién,
moi no-ron tai 16p an va l6p dau ra thyc hién tinh
toan tong cé trong sO clia cac tin hiéu dau vao két
hop vai hé sb bias theo biéu thire (1).

n
Z] = Z a)i]-xl- + b] (1)
i=1

Trong d6 w;; la trong s lién két gitra no-ron thir
i va no-ron thu j, x; 1a gia tri dau vao, va b]- 1a hé so
bias. Gia tri z; sau d6 dugc dua qua ham kich hoat
f () & thu dwoc dau ra cua no-ron theo cong thirc

2.
a; = f(z) (2)
Gia trj dy doan cua mo hinh y,,.q dugc so sanh

v6i gia tri thue nghiém y,,,, nhim xac dinh sai s&
tai 16p dau ra §,ypye theo cong thuc (3).

5output = Ypred — Ytrue (3)

Trong giai doan lan truyén nguoc, sai s6 nay
dugc truyén ngugc qua cac 16p cua mang dé tinh
gradient ctia ham mat mat L, trong d6 ham Mean
Squared Error (MSE) dugc sir dung lam ham mat
mat. Cac trong s6 va bias cla mang dugc cap nhéat
theo thuat toan Adam (Adaptive Moment
Estimation) — mgt phuong phap t6i wu hoa dya trén
gradient két hop ¥ tuong cua Momentum va
RMSprop nhiam cai thién tdc 6 hoi tu va d6 on dinh
clia qua trinh huén luyén.

Tai budce 1ap thtr t, Adam tinh toAn moment bac
nhat va bac hai cta gradient (4) va (5).

my =pimey + (1 —P1)g: (4)

vy = Bov + (1 = Bo)g? (5)

Trong d6 g, = % 1a gradient ctia ham mat mat
d6i voi tham s6 can cap nhat.

Dé giam sai léch do khéi tao ban diu, cac
moment dugc hi¢u chinh bias theo (6) va (7).
my

1-B;

(6)

m, =

Ut
1-p;
Cac tham s6 dugc cap nhat theo cong thirc (8) va

).

(7)

v, =

wgew — ?Jld - (8)
\/_ +¢€
b]jnew = pold _ (9)

! \/ﬁ_ +e
Trong d6 n 1a tc do hoc (learning rate), By va
B 1a cac hé so suy giam cua moment béac nhét va

bac hai, va € 1a mot hang $6 rat nho nhim tranh phép
chia cho 0.

Sai s6 va trung binh sai s6 ciia mé hinh dy doan
duogc xac dinh theo cong thuc (10) va (11).
|J/thuc—yozu doénl

Sai s6 = .100(%) (10)

Ythuc

n .
Yi—qSai s

(11)

Trung binh sai so = -

3. KET QUA VA THAO LUAN

3.1. Pic diém hinh thai va bién dang d9
nham bé mat

Két qua duoc trinh bay ¢ Hinh 3 cho thay hinh
anh hién vi quang hoc clia bé mat mau trude (Hinh
3a) va sau khi danh bong bang laser (Hinh 3b) véi
cac thong sb: P = 10 W, f = 45 kHz va v = 1000
mm/s. Két qua cho thiy bé mit sau xir Iy tré nén
ddng déu rd rét, ciu trac vi hinh thai c6 tinh lién tuc
cao va cac khuyét tat cuc bo giam dang ké so voi
trang thai ban dau.

Pic diém nay dugc minh hoa cu thé qua biéu dd
bién dang bé mit tai Hinh 4. Sau khi danh bong
(Hinh 4b va 4d), duong bién dang theo ca hai
phuong x va'y cho thay sy phén bd dinh—thung liing
ddng nhit hon so v6i mau ddi chung (Hinh 4a va
4¢). Sy bién thién do cao da duoc diéu hoa trén toan
bo bé mit thay vi tap trung cuc bo. Hién tugng nay
phan 4nh co ché tai phan b vat lidu trong qua trinh
néng chay va tai dong dac dudi tac dong cuia laser,
gitip cai thién tinh ddng nhit hinh thai ma khong lam
thay d6i dang ké bién do téng thé ctia bé mit.
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Hinh 3. Anh hién vi quang hoc bé mit miu
Ghi chu: (a) Trudc khi danh bong; (b) Sau khi danh bong (P = 10 W, f =45 kHz, v = 1000 mm/s)

a) g b) 8
ENl g

2 A 2
£ g
= -1 < -1 -
S 4 g 4 A
S o
5 -7 1 § -7
5 5
“g-10 2-10
S0 1 2 3 4 0T 0 12 3 4

Chiéu dai do (mm) Chiéu dai do (mm)
©) g d 8
EREE E 5
4 ~ 2 “
£ ] MWWWW 5 uw r
g -1 £ -l
T -4 A g -4
8 o)
S -7 A s 7
510 <8 -10
S o0 ! 2 3 4 5 1 2 3 4
Chiéu dai do (mm) Chidu dai do (mm)

Hinh 4. Bién dang bé mit theo chiéu dai do

Ghi chu: a) Phuwong x trucc khi danh bong,; b) Phuong x sau khi danh bong (P = 10 W, f'= 45 kHz, v = 1000
mm/s); ¢) Phuwong y trudc khi danh bong; d) Phwong y sau khi danh bong (P = 10 W, f =45 kHz, v = 1000 mm/s)

3.2. Phan tich ANOVA ianh hwéng ciia cac
thong so

Két qua phan tich phan tich phuong sai
(ANOVA) (Bang 3 va Bang 4) cho thiy d6 nham bé
mat theo hai phuong Rax va Ray chiu dnh hudng
dang ké boi cac thong s6 laser. Trong do, cong suét
laser (P) va toc do quét (v) 1a hai yéu t& ¢6 y nghia
théng ké (p-value < 0 ,05). Déi v6i Rax, toc do quét
(v) dong vai tro chi phdi chinh; bén canh d6, cong
suét laser va dic biét la twong tac P-v cling anh
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huéng 16n dén viée diéu chinh d6 nham. i véi do
nham theo phuong y (Ray), ket qua ANOVA chi ra
ring cong suét laser (P) 1a yéu t& c6 mirc do anh
hudng 16n nhat, bén canh tic dong dang ké cia tdc
d6 quét (v) va hiéu tng tuong tac P-v. Tan sd xung
(f) khong thé hién anh hudng co y nghia thong ké
trong pham vi nghién ctru nay, diéu nay duoc cho 1a
lién quan dén khoang gia tri khao sat cua tham sb
con tuong ddi hep. Trong pham vi khao sat nay, su
thay ddi cua tan sb chi 1am thay déi nhé niang lwong
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ctia ting xung laser ciing nhu mat do xung trén bé
mat, do d6 khong tao ra sy khac biét dang ké trong
qua trinh hinh thanh va dong hoc cta 16p kim loai
nong chay.

Biéu dd tuong tac P-v trong Hinh 5a cho thay tai
mdi mirc cong sudt, sy thay doi téc do quét dan dén
bién thién rd rét cua Rax, déng thoi mic d6 anh
hudng ciia v phu thudc manh vao gia tri P, khang
dinh sy ton tai ctia hiéu ing twong tac giita hai thong
sd nay. Xu huéng giam d6 nham bé mat Rax khi toc
d6 quét ting tai mirc cong suat P =15 W va P = 20
W c6 thé dugc giai thich dua trén co ché truyén nhiét
va dong lyc hoc cua 16p kim loai nong chay trong
qua trinh danh bong bang laser. O muc cong suét
nay, ning luong laser du dé tao ra mot 16p kim loai
nong chay mong trén bé mat nhom. Khi toc do quét
tang, thoi gian twong tic giita chum laser va bé mat
vat lidu giam, nho d6 han ché sy tich tu nhiét va
tranh hién tuong néng chay qua mirc. Didu nay gitp
duy tri 16p nong chay c6 do day nho va 6n dinh.
Trong 16p kim loai ndng chay nay, su chénh léch
nhiét d6 trén bé mit tao ra gradient strc cing bé mit,
tr 6 hinh thanh dong chay Marangoni. Dong chay
nay thuc dy kim loai nong chay di chuyén tir cac
dinh nham sang cac vung 16m, lam tai phan b vat
lidu trén bé mat. Sau khi 16p kim loai néng chay
déng dic tro lai, bé mat tré nén dong déu hon va do
nhdm Ra giam. (Zhang et al., 2017).

~ Nguoc lai, khi P =10 W, nang luong }(héng da
de hinh thanh 16p nong chay on dinh. Khi toc d§ quét

tang, mat d6 ning luong cung cép cho bé mat gidm,
lam suy giam qua trinh ndng chay va tai phan bé vat
liéu, dan dén hiéu ung lam phéng kém hiu qua va
d6 nham c6 xu hudng tang nhe. Xu hudng twong tu
cling dugc quan sat d6i v6i Ray trong Hinh 5b, noi
su thay d6i cua toc do quét tai cac murc cong sudt
khac nhau cho thdy anh huong khong dong nhat.
Qua d6 cho thay rang viéc tdi ru hoa chat luong bé
mit can xem xét dong thoi tac dong twong tac gitra
céc thong sb.

Su khéc biét vé murc 6 anh huong cia cac thong
s0 d6i voi Rax va Ray chii yeu xudt phat tir ddc trung
huéng quét va co ché truyén niang lugng. Theo
phuong x (huéng quet), do nham Rax chiu sy chi
ph01 chu yéu cua tbc do quét (v). Thong sb nay truc
tiép quyét dinh thoi gian twong tac va mat do ning
luong phan bd doc theo vét quét; trong khi d6, cong
suat (P) déng vai trd b trg thong qua hidu ung
tuong tac P-v.

Nguoc lai, theo phuong y (vudng goc vai hudng
quét), d6 nham Ray phu thudc mat thiét vao cong
suét laser (P), phan anh qua trinh lan truyén nhiét va
dong chay vat liéu theo phuong ngang, con toc do
quét (v) chi dong vai tro thir yéu. Sy nhit quan giita
két qua ANOVA va cic biéu dd tuong tic khing
dinh rang qua trinh danh béng bang laser duoc kiém
soat cot yéu bai sy hiép bién giita cong sudt laser va
téc do quét.

Bing 3. Két qua phan tich ANOVA cho d9 nham theo phuong x (Rax)

Yéu to SS df Péng gop Binh phwong trung binh ~ Giatri F Gia trip
Cong suat, P 0,0412 2 8,2330% 0,0206 6,2424  0,0233
Tansd xung, f  0,0019 2 0,3800% 0,0009 0,2838  0,7602
Toc do quét,v 02058 2 41,1270% 0,1029 31,1710 0,0002
Tuong tic P-f  0,0109 4 2,1780% 0,0027 0,8220  0,5462
Twong tic P-v 0,2104 4 42,0460% 0,0526 15,9278  0,0007
Tuong tic f-v  0,0038 4 0,7590% 0,0009 0,2846  0,8800
Sai 86 0,0264 8 5,2760% 0,0033
Téng 0,5004 26 100%
Bing 4. Két qua phan tich ANOVA cho d9 nham theo phwong y (Ray)
Yéu to SS df Pong gop Binh phwong trung binh  Giatri F Gia trip
Cong suat, P 1,2201 2 57,4520% 0,6101 31,1324 0,0002
Tan sé xung, f  0,0476 2 2,2410% 0,0238 1,2136  0,3465
Téec do quét, v 0,1943 2 9,1490% 0,0972 4,9583  0,0398
Tuong tac P-f  0,0713 4 3,3570% 0,0178 0,9101  0,5022
Twong tic P-v  0,3270 4 15,3980% 0,0818 4,1719  0,0408
Twong tac f-v  0,1066 4 5,0200% 0,0267 1,3602  0,3287
Sai sb 0,1568 8 7,3830% 0,0196
Téng 2,1237 26 100%
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Hinh 5. Anh hwéng ciia cac thong sb laser dén d§ nham bé mit

Ghi chu: a) Do nham theo phuwong x (Rax); b) Do nham theo phuwong y (Ray)

3.3. Mo hinh dy doén dd nham bé mit MLP

Trong nghién ctru nay, hai mo6 hinh mang no-ron
truyén thing da 16p (MLP) doc lap di duoc xdy
dung nhim dy doan do nhiam bé mat theo hai
phuong Rax va Ray. Bg chinh xac du doan cia moé
hinh dugc dénh gia thong qua hé sé xac dinh (R?) va
sai sO phan tram tuyét doi trung binh (MAPE) trén
tap kiém tra.

V& chu trac mang, md hinh du doan Rax st dung
kién trac hai 16p 4n v&i 17 va 4 no-ron, trong khi mo
hinh du doan Ray gdm hai 16p an véi 11 va 6 no-
ron. Céc 1p an st dung ham kich hoat ReLU. Déi
v6i mo hinh Rax, cac tham sé chinh bao gdm tdc do
hoc 17 = 0,00268, hé s6 diéu chuan L2 = 0,024, ty 1¢
dir lidu xac thyc (validation) 0,15 va sb epoch cho
(patience) 50 epoch. M6 hinh Ray duoc huén luyén
vé6i tée d6 hoc 1 = 0,0067 va hé s6 diéu chudn L2 =
0,0685 cing cac tham s6 dimg som tuong (g véi
mo hinh Rax.

Két qua dinh luong cho thiy mé hinh MLP du
doan Rax dat hé so xac dinh R = 0,964 va sai so

phin trdm tuyét d6i trung binh MAPE = 0,994%.
Trong khi d6, mo hinh du doan Ray dat R? = 0,961
va MAPE = 2,531%, cho thiy kha ning du doan tot
dbi v6i ca hai dai luong 6 nham bé mat. Két qua du
doan duoc tong hop trong Bang 5, sy so sanh giita
gia tri thyc nghiém va gia tri dy doan cho théy sai sb
rat nho trén hiu hét cac miu thur. Qua trinh hoc cua
mé hinh dugc thé hién thong qua dudng hoc
(learning curve) trong Hinh 6. Sai s6 huin luyén
giam nhanh & cac epoch dau va dan 6n dinh khi s6
vong lap tang 1én, cho thdy qua trinh huan luyén dat
trang thai hoi tu. Sai s6 xéac thuc cling c6 xu huéng
tuong tu va duy tri & mirc gan véi sai s6 huan luyén,
cho thdy mo hinh khong xuét hién dau hiéu qua khop
dang ké. Biéu d6 phan du cho thiy céc sai s phan
bb ngiu nhién xung quanh dudng trung tim (Hinh
7), cho théy mo hinh khong ton tai sai léch c6 hé
thdng (systematic bias) va duy tri kha ning khai quat
hoa tbt. Biéu d6 hdi quy giira gia tri du doan va gia
tri thyc nghiém (Hinh 8) cho thdy cac diém dit liéu
phan b6 gan dudng y = x. Sy chénh léch nho giita
két qua trén tap huan luyén va tap kiém tra cho thay
mo hinh ¢6 kha nang khai quat hoa tot.

Bang 5. Két qua dw doan ciia md hinh va gia tri thue nghiém

. P f y Gt dydoin Gi4 tri thye nghiém (um) Sai sb (%)
Mau W (kHz) (mmis) (pm)

Rax Ray Rax Ray Rax Ray
I 10 45 1000 2,153 1,605 2,167 1,658 0,660 3,213
2 15 40 800 2260 1,868 2,287 1,792 1,165 4,232
315 35 600 2,353 1,903 2,364 1,902 0,478 0,027
4 20 40 600 2,195 1,865 2,181 1,965 0,637 5,085
5 10 35 600 2,186 1,986 2,146 2,029 1,851 2,119
6 15 35 1000 2,540 2,582 2,511 2,595 1,171 0,509
Trung binh 0,994 2,531
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Hinh 6. Biéu d6 dwong hi tu sai s6 huin luyén va sai so xac thwe ciia mé hinh MLP

Ghi chu: a) M6 hinh MLP cua Rax; b) M6 hinh MLP ciua Ray

Su khac biét vé cdu trac gitta hai mo hinh phan
anh ban chit phi tuyén khong dong nhat trong mbi
quan hé giita cac thong sé laser va dd nham bé mit
theo timg phuong do. Két qua nay khing dinh tinh
tat yéu cia viéc thiét 1ap cac mang MLP riéng biét;
boi 18, mot cau triic mang chung kho ¢6 thé mo ta
toan dién cac dac trung vat ly va hanh vi bién thién
dac thu cua d¢ nham theo tiing hudng do khac nhau.

Chi s6 thong ké tir biéu db khing dinh d6 chinh
xé4c cao va kha ning khai quat hoa tét cua cac mod
hinh MLP trén tap dit liéu kiém chimg doc lap. Didu
nay cho thay tinh uu viét cia mé hinh trong viéc méd
phong d6 nham bé mit sau qua trinh danh bong bang
laser. Cac mé hinh MLP dugc dé xuit khong chi du
doan chinh xac chét lugng bé mat ma con déng vai
tro 1a nén tang déng tin cdy cho cac nghién ciru t6i
wu hoa thong sé cong nghé trong tuong lai.
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Hinh 7. Biéu d6 phin dw ciia mé hinh MLP

Ghi chu: a) Gia tri cua Rax, b) Gia tri cia Ray
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Hinh 8. Biéu d6 hdi quy giira gia tri thue nghi¢m va gia tri dw doin ciia mé hinh MLP

Ghi chu: a) Gia tri cua Rax trén tdp hucfn luyén; b) Gid tri ciia Rax trén tdp kiém tra; c) Gid tri ciia Ray trén tap hudn

luyén; d) Gia tri cua Ray trén tdp kiém tra
4. KET LUAN

Nghién ctru nay dé khao sat mgt cach hé thong
anh huong cua cac tham so qua trinh chinh - bao
gom cong suét laser (P), tbc do quét (v) va tin sb
xung (f) dén chét lugng bé mat hop kim nhom 6061
trong qua trinh danh bong bang laser Nd: Y AG xung.
Két qua phan tich phuong sai (ANOVA) cho thay
d6 nhdm theo phuong quét (Rax) chiu anh hudng
manh nhit boi tdc do quét, ké dén 1a cong suit laser
va tuong tac P-v. Ngugc lai, ¢ nham theo phuong
vudng goc (Ray) lai bi chi phéi chu yéu boi cong
sudt laser, sau d6 1a toc do quét va sy tuong tac giira
hai thong s6 nay. Tan s6 xung (f) khong thé hién anh
hudng dén ca Rax va Ray.

Su khac biét nay phan 4nh co ché hinh thanh d6
nham bé mit c6 tinh hudng: trong khi Rax bi chi
phéi boi mat d6 nang luong doc theo quy dao quét,
thi Ray lai chiu tac dong chu yéu tir qua trinh lan
truyén nhiét ngang va tinh 6n dinh ciia bé nong chay
dudi anh hudéng cua dong chay Marangoni. Bén
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canh d6, m6 hinh dy doan @6 nhdm dua trén mo hinh
MLP da thé hién hiéu ning wu viét v6i hé s xac
dinh R? cao (R? = 0,964 cho Rax va R? = 0,961 cho
Ray) va sai s6 du doan thap (trung binh cho Rax la
0,994% va 2,531% cho Ray) trén tap dit liéu kiém
tra. Nhitng két qua nay cung cap co so khoa hoc
quan trong cho viéc téi uu hoa thong s cong nghé
danh bong laser hop kim nhém 6061, dong thoi tao
tién dé cho cac nghién ctru mé rong vé khoang cach
quét (hatch spacing) hodc anh huong cua khi bao vé
nhiam ning cao chat lugng xtr Iy bé mit.

LOI CAM TA

Nhom tac gia xin tran trong cam on phong thi
nghiém Co hoc vat liéu va phong thi nghiém May
va thiét bi ché bién LT-TP, Truong Bach Khoa, Pai
hoc Céan Tho d3 tao diéu kién thuan lgi vé co s vat
chat va chuyén mon trong sudt qué trinh dé thyc hién
nghién ctru nay.
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