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TOM TAT

Hién nay, cong nghé in 3D, hay con goi la san xudt boi ddp, dang phdt trién nhanh chéng
va ngdy cang quan trong trong nhiéu linh viec nhw san xudt cong nghiép, y hoc, kién tric va xdy
dung. Cong nghé nay chu yéu sur dung vat liéu nhua dé tao ra cac mé hinh san phcfm. Tuy nhién,
han ché ciia phicong phdp nay la san pham cé @6 bén va kha nang chiu nhiét thap. Pé khdc phuc,
céng nghé in 3D kim loai dé ra doi. Nghién ciru tong quan vé in 3D kim loai bang phwong phdp két
hop han TIG khéng ding déy bii va gia cong CNC. Muc tiéu la cdi tién, bé sung va ndng cao qud
trinh nghién civu, phat trién cong nghé méi nay.

T khéa: In 3D kim logi; Mau thir uon; Han TIG; Dé bén; Vit liéu ddp.
ABSTRACT

Currently, 3D printing technology, also known as additive manufacturing, is rapidly
advancing and becoming increasingly vital across various sectors, including industrial production,
healthcare, architecture, and construction. Primarily, this technology uses plastic materials to
create prototype models. However, a key limitation is the low durability and heat resistance of the
resulting products. To address this, metal 3D printing technology has emerged as a solution. This
study provides an overview of metal 3D printing using a hybrid method combining TIG welding
without filler wire and CNC machining. The research aims to contribute to the improvement,
supplementation, and advancement of this innovative technology, enhancing its development and
application in modern manufacturing processes.

Keywords: Metal 3D printing, Bending test specimen; TIG welding; Strength; Additive
material. &
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1. TONG QUAN

Cong nghé han TIG (Tungsten Inert
Gas) da trd thanh mdt phuong phap quan trong
trong ché tao cac san phém kim loai, dac biét
trong cac ung dung yéu cau d chinh xac va
chét luong cao nhu ché tao mau thur do bén udn
[1]. Trong bdi canh nganh cong nghiép co khi
tai Viét Nam dang phat trién manh me€, viéc
nghién ctru va tng dung han TIG dé ché tao
cac mau thir khong chi dap Gmg nhu cau san
Xuat ma con gop phan nang cao ning lyc cong
nghé trong nudc [2]. Han TIG, véi kha nang
kiém soat ho quang on dinh va tao ra mdi han
chat luong cao, dugc sir dung rong ri trong cac
nganh cong nghi¢p nhu 6 t6, hang khong vii
try, va xay dung, nho kha nang gia cong cac vat
li¢u kim loai da dang, tur thép cacbon dén hop
kim dac biét [3].

Viée ché tao cdc mau thir do bén udn
bang phuong phap han TIG mang lai nhiéu loi
ich, bao gdm kha ning tao ra cac mdi han cd
dd bén co hoc cao va bé mat min, dap ung céc
tiéu chudn ky thuat nghiém ngat [4]. Tuy nhién,
qua trinh han TIG d6i mit véi nhiéu thach thic,
dac biét trong viéc kiém soat céc thong s6 nhu
cuong do dong dién, toc do han, va moi truong
xung quanh, vén c6 thé anh huong dén chat
luong mdi han va tinh chit co hoc cua miu
thir [5]. Cac yéu té nhu ing suit du, bién dang
nhiét, va khuyét tat méi han (nhu rd khi hodc
nat) c6 thé 1am giam do bén udn ctia san pham
néu khong duoc kiém soat chit ché [6]. Do do,
viéc t6i wu héa cac thong sé han TIG 1a can
thiét dé dam bao do chinh xac va hidu suat ctia
cic mau thir do bén udn.

Nghién ctru nay tap trung vao viéc ché
tao cac mau thir &6 bén ubn bang phuong phap
han TIG, véi muyc ti€u danh gia anh hudng cua
cac thong sd han dén chit lvong mdi han va

tinh chat co hoc cia san pham [7]. Cac thong
s6 nhu cuong do dong di¢n, tde do di chuyén
cua mo han, goc dién cuc, va do day l6p kim
loai dugc phan tich dé xac dinh diéu kién tdi
wu, dam bao mau thir dat yéu cau vé do bén
ubn va tinh dong nhat [8]. Ngoai ra, viéc kiém
soat cac yéu tb moi trudng, chang han nhu do
am va nhiét do, cling dong vai tro quan trong
trong viéc giam thiéu cac khuyét tat va nang
cao chét lugng méi han [9]. Phuong phap han
TIG, khi duoc t6i wu hoa, khong chi céi thién
hiéu suét san xuat ma con giam chi phi so voi
cac phuong phap gia cong truyén thong, mang
lai loi ich kinh té ddng ké cho cac doanh nghiép
Viét Nam [10].

Vé mit ung dung, cac mau thtr d6 bén
udn ché tao bﬁng han TIG c¢6 thé duoc st dung
trong nhiéu linh vuc, tir kiém tra cht luong vat
liéu trong cong nghiép dén phat trién cac chi
tiét phirc tap trong 6 t6 va hang khong vii tru
[11]. Nghién ctru nay khong chi dong gép vao
viéc xay dung co s6 1y thuyét va thyc tién cho
cong nghé han TIG ma con hd trg cac doanh
nghiép trong nudc giam phu thudc vao cong
nghé nhap khau, tir 46 nang cao kha ning canh
tranh trén thi truong qubc té [12]. Hon nita,
viéc phat trién cac mau thar do bén udn chat
lwong cao con mo ra tiém ning Gmg dung trong
cac nganh cong nghi¢p doi hdi do tin cay cao,
nhu ché tao két ciu thép hodc san xuét thiét bi
y teé.

N6 luc nghién ciru ndy mang y nghia
quan trong trong viéc thuc day dbi méi cong
ngh¢ tai Viét Nam, dic biét trong bdi canh
nganh cong nghiép dang chuyén dbi sang cac
giai phap san xuét tién tién va bén ving [13].
Bang cach tdi uu héa quy trinh han TIG, nghién
ctru khong chi cai thién chat lugng san pham
ma con gop phan xay dung nén tang cho cac
cong nghé gia cong kim loai hién dai, ho tro sy

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
PP TAP CHI CO KHI VIET NAM, S6 329, thang 6 nim 2025
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

phat trién 1au dai cia nganh cong nghiép co khi
trong nude [14].

2.COSO LY THUYET

Trong nghién ctru nay, hé théng may
han CNC 3 tryc duoc str dung, két hop ngudn
han TIG Jasic 250A W227 khéng bu day dé
cung cap ning lwong nung chay kim loai trong
qua trinh in 3D kim loai. Phéi thép CT3, véi
kich thudc 260 x 6 x t (mm), dugc cb dinh,
trong khi dién cyc han di chuyén theo quy dao
lap trinh sin. Thanh phan héa hoc va tinh chat
co hoc cua thép CT3 (Bang 2.1) cho thay do
bén kéo tir 373-461 N/mm?, gi6i han chay 225
N/mm?, va d§ cung Brinell 130-160 HB, phu
hop cho céc mau thir 6 bén udn.

Viéc ti wu hoa thong s6 han TIG dong
vai tro quan trong dé dam bao chat lugng moi
han. Céc thong s6 nhu dong dién han (90-130

A), tbe d6 han (12-15 mm/s), d day phéi (6-10
mm), va dic biét 13 goc di chuyén dau dién cuc
(0°, 45°, 90°) duoc diéu chinh dé khao sat anh
huong dén do bén udn va chat lugng mdi han
(Bang 2.3, 2.4). Géc di chuyén dau dién cuc 1a
yéu té chinh, tac dong dén quy dao han va co
tinh ciia miu. Cac thong sb ¢b dinh nhu khoang
cach hd quang (2 mm), dudng kinh dién cuc
(2.4 mm), va luu lugng khi bao v¢ (13 L/phut)
duoc giir 6n dinh (Bang 2.2).

Quaé trinh thi nghiém dya trén cac nghién
clru trude va thir nghiém tham do dé xac dinh
thong s6 tbi uu, tranh khuyét tat nhu nut, xép,
hodc thiéu lién két. Két qua tir viéc thay doi
goc di chuyén dau dién cuc gitp danh gia anh
hudng cua quy dao dén d6 on dinh hd quang,
d6 sau tham nhap, va hinh dang mbi han, tir d6
nang cao chat luong mau thir trong in 3D kim
loai.

Bang 1. Thanh phan héa hoc — Tinh chat co hoc thép CT3

Carbon Silic Mangan Phét pho Luu huynh
0.16 0.15 0.62 % 0.010 0.042
Do bén kéo Gidi han chay Do gian dai Do cting Brinell | P cing Rockwell
373-461 N/mm? 225 N/mm? 130-160 HB 45-48 HRC
Bdng 2. Théng so co dinh trong qud trinh han
Théne sé CTWD & chiéu | Goc 1am | Khoang cach giita | Pwong kinh | Géc mai | Lwu lugng
g dai ho quang viéc 2 dwong han dién cuc dién cwe | khi bao vé
Gia tri 4mm & 2mm 90 3mm 2.4mm 45 13 L/phut
Bdng 3. Mirc gid tri ciia cdc théng sé dau vao
A I Mike gia tri
Thong so han
1 2 3
Dong dién han, I (A) 90 110 130
Téc d6 han, F (mm/s) 12 13.5 15
Do day phoi 6 8 10
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3. PHUONG PHAP NGHIEN CUU

Qua trinh nghién ctu dugc thuc hién
thong qua cac budc ché tao, gia cong va kiém
tra mau thir in 3D kim loai sir dung han TIG.
Sau khi han cdc mau thép CT3 theo thong sd
thi nghiém (Bang 2.3, 2.4), cac mau duoc xir Iy
theo so d6 quy trinh thyc nghiém va xir Iy mau
(Hinh 2.4, 2.5). Mau thir duoc gia cong dat kich
thudc chuin cho thir nghiém udn, tuan theo tiéu
chuan ISO 7438 va ASTM E290. Quy trinh gia
cong dam bao do chinh xac vé kich thudc va bé
mit true khi tién hanh kiém tra.

Thtr nghiém d6 bén ubn duoc thuc hién
trén may thtr van ning WE-1000B. Ung suit
bén udn ctia mau dugc tinh theo cong thic: 6 =
3FC/(2wt?), trong d6 F 1a luc udn, C 1a khoang
cach gitta cac diém tua, w 1a chiéu rong mau,
va t 1a 46 day mau. Céng thirc nay giup xac
dinh kha ning chiu tai cia mau dudi luc udn,
cung cép dit lidu vé d6 bén co hoc.

Lype Véi  Cla khodng cich gitra 2 géi dé

713 bin kinh cua dm chot, e hay pitiong
thodc diabe &y mannon

P T4
w labergng mau won

Hinh 1. Mdu uén

Ngoai ra, ciu triic t& vi clia cac miu
duoc kiém tra dé danh gia chat luong mdi han
va anh hudng cua cac thong sb han TIG (dong
dién, tbc do han, gbc di chuyén dau dién cuc)
dén t6 chirc vat liéu. Cac thong sd nhu goc di
chuyén dau dién cuc (0°, 45°, 90°) dugc phan
tich dé xac dinh anh hudng dén do bén uén va
tinh dong nhét ciia moi han. Dir liéu dau ra tir
cac thur nghiém dugc thu thap va so sanh dé xac
dinh b6 thong s6 tdi wu, dam bao mau thir dat

yéu cau k¥ thuat vé d6 bén va chit luong bé mat.

Qué trinh nghién ciru két hop thi nghiém
thuc té va phan tich dir liéu nham cung cép co
s& khoa hoc cho viée tdi vu héa cong nghé in
3D kim loai sir dung han TIG, gbp phan nang
cao hiéu qua san xuét va ung dung thuc tién.

4. KET QUA THU'C NGHIEM

Trong bbi canh phat trién manh mé
cua cong nghé in 3D kim loai, viéc dam bao
chét luong co hoc cua san pham 1a yéu t6 then
chét dé mo rong ung dung vao cac nganh cong
nghiép doi hoi do chinh xac va do bén cao,
nhu hang khong, y sinh va 6 t6. Trong s cac
phuong phap hoan thién bé mit sau in, han
TIG (Tungsten Inert Gas) dugc xem la mot giai
phap hiéu qua nho kha nang kiém soat tot ning
lugng dua vao vat lidu va chat lugng méi han.
Nghién ctru nay tap trung vao viéc danh gia anh
huéng cta cac théng sé han TIG — bao gom goc
di chuyén dau dién cuc, dong dién han, toc do
han, va d¢ day phoi — dén chét lugng mbi han
va d6 bén udn cia mau in 3D kim loai. Trong
do, dic biét chi trong dén anh huong cua goc di
chuyén dau dién cuc tai ba muc: 0°, 45° va 90°.

4.1. Anh hwéng cia d§ day phoi dén dé bén
uén

Két qua thir nghiém udn cho thay, trong
tat ca cac thong sé duoc khao sat, do day phoi
(ky hiéu t) dong vai tro quyét dinh dén do bén
u6n ctia mau. Theo cong thirc tinh ng suét udn
o = 3FC/(2wt?), c6 thé thdy tng suét udn ty 1¢
nghich vd&i binh phuong d§ day phdi, do do
thay d6i nho vé t din dén bién thién déng ké vé
do bén.

Cu thé, phoi co d6 diay 6 mm cho két
qua noi bat nhat vé dd bén uon. Nguyén nhan la
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nho do day nay dam bao d6 tham nhap mdi han
t6t, tao nén cau triic han dong nhat, ting cuong
kha nang két dinh gitra cac 16p vat liéu, tir do
cai thién co tinh tong thé. Trong khi do, cac
phoi c6 d§ day 16n hon, nhu 8 mm va 10 mm,
lai cho két qua kém hon. O cac mau nay, nhiét
luong khong da dé tham nhép sau, dan dén dién
tich tiép xtic han thuc té bi giam, tao nén nhiing
ving lién két yéu va lam giam d6 bén co hoc.

4.2. Tac dong cia dong dién han

Dong dién han dugc khao sat trong
khoang 90 A dén 130 A. Két qua cho thay,
khoang 90-110 A 13 t6i vu dé dam bao do sau
thAm nhép thich hop va tranh hién tuong qua
nhiét. Khi dong dién dat dén muc 110 A, mdi
han dat d6 bén cao nho nhiét do du dé lam chay
kim loai déu va su.

Tuy nhién, khi vuot qua ngudng 110 A,
hién twong qua nhiét bat dau xay ra. Diéu nay
dan dén su phat trién qua mirc cta hat kim loai,
tao ra ciu trac tho, d& nut v, va xuét hién cac
khuyét tat vi mo nhu 16 khi hodc ving khong
tham nhap hoan toan. Két qua la do bén udn bi
giam sit dang ké & nhitng mau duoc han véi
cuong do dong dién qua cao.

4.3. Anh huwéng ciia toc do han

Tdc d6 di chuyén mo han ciing 1a mot
yéu t6 dang luu y trong qua trinh han TIG.
Nghién ctru khao sat cac mure téc do tir 12 mm/s
dén 15 mm/s. Két qua chi ra réng, tbc do han
qué cao lam giam thoi gian tic dung nhiét, khién
kim loai khong kip ndéng chdy hoan toan, dan
dén mbi han mong, thiéu d6 sau va dé xuit hién
khuyét tat. Tuy nhién, trong diéu kién thoa dang
vé dong dién va do day phoi, anh huong ciia te
d6 han dugc ghi nhan 1a khong qua 13 rét dén do
bén ubn, mién 14 ndm trong gii han cho phép.

4.4. Géc di chuyén dau dién cue va do bén uon

Goc di chuyén cua dau dién cyc anh
huong truc tiép dén hudng va cudng do truyén
nang luong vao vat li¢u. Trong nghién ctru nay,
ba mirc goc di chuyén dugc khao sat: 0°, 45° va
90°. Két qua cho thay:

* Goc 90° 1a toi wu nhat vé do bén udn,
cho két qua cao va 6n dinh. Vi goc nay, tia ho
quang tip trung truc tiép vao vi tri han, dam
bao ning luong duoc phan b déng déu theo
chiéu sau va chiéu ngang.

« Géc 0°, tuong tmg véi tu thé han song
song v&i bé mat phoi, cho két qua kém nhat, do
ning luong chu yéu lan téa bé mit, gy thiéu
tham nhap va mdi han yéu.

« Goc 45° cho két qua trung binh, tuy
dat dugc mot s6 mau c6 do bén kha cao, nhung
lai thiéu tinh 6n dinh, khi mot s6 mau khac thé
hién d6 bén kém. Piéu nay c6 thé do su kho
kiém soat vé do dong déu cua tia hd quang &
gdc nghiéng trung gian.

4.5. M6 hinh héa bing mang no-ron nhén
tao (ANN)

Dé du doan va xac minh tinh tin cdy
cua dir liéu thyc nghiém, mot mo hinh mang
no-ron nhan tao (ANN) dd duoc huin luyén
dua trén tap dir liéu ddu vao gdm: do day phoi,
dong dién, téc d6 han va goc di chuyén dién
cuc. Két qua danh gia mo hinh ANN cho thay
hé sb twong quan R > 0.96, chting to ring md
hinh c¢6 kha nang hoc t6t tir dit liéu thyc nghiém
va cho két qua du doan dang tin cay.

Céc biéu dd dy doan (Hinh 3.2, 3.3, 3.4)
thé hién rang mo hinh ANN d4 x4c nhéan cic xu
hudng da quan sat dugc trong thuc nghi¢m, nhu:
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« D6 bén ubn cao nhat khi str dung phoi
day 6 mm;

« Dong dién 110 A 1a tbi wu;

* Goc 90° mang lai hi€u qua vuot trdi;

« Tc d6 han anh huong khong dang ké.

4.6. T6i wu héa thong so bing phwong phap
Taguchi két hgp ANN

Nhiam xac dinh t6 hop thong sb han tbi
uu, nghién ctru da ap dung phan tich Taguchi,
két hop v6i két qua dy doan tir mo hinh ANN.
Két qua phan tich xac nhan rang t6 hop thong
s tdi wu bao gom:

« Goc di chuyén dau dién cuc: 90°;
* B§ day phoi: 6 mm;

* Dong dién han: 110 A;

« Téc d6 han: 13 mm/s (trung binh).

T hop thong sé nay cho gia tri dd bén
uon cao nhat, dong thoi dam bao tinh 6n dinh
va ldp lai trong quy trinh san xuat.

BENDING TEST RESULT

Hinh 2. Két qua thir uon cua cac mau
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5. KET LUAN

Nghién ctru da thanh cong trong viéc
danh gia anh huong cta cac thong s6 han TIG
dén chét luong mdi han va do bén udn cua
mau in 3D kim loai, st dung thép CT3. Két
qua cho thay do day phoi 6 mm, dong dién han
110 A, va goc di chuyén dau dién cyuc 90° 1a
b thong s6 tdi wu, mang lai do bén udn cao
nhit va mbi han ddng nhat. Goc di chuyén 90°
dam béo tinh dn dinh va chat luong vuot trdi so
véi 0° va 45°. M6 hinh ANN véi do tin cay R
> (0,96 da xac nhan tinh chinh xac cua dur liéu
thuc nghiém va hd trg du doan thong s ti uu.
Phuong phap két hop han TIG khong bu day va
gia cong CNC khong chi giam chi phi ma con
rat ngan thoi gian san xuat, md ra tiém ning
tmg dung thuc tién tai Viét Nam. Nghién ciru
nay cung cap co so khoa hoc dé cai tién cong
nghé in 3D kim loai, gép phan nang cao ning
lwc san xuét trong nude, giam phu thudc cong
nghé nhap khau va dap tng nhu cau thi truong.

(*) Péng goép ciia tac gia:

- Hinh thanh y tuong va muc tiéu nghién
cuu: Tran Thai Son;

- Thyc hién nghién ctru, thu thap dir ligu,
phan tich dir liéu, viét va chinh stra bai bao: Tran
Quang Vinh, Nguyén Ha, Lé Thanh Tung, Phan
Thanh Nhan.

Loi cam on:

Nhom nghién ctru xin cdm on Truong

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
WM TAP CHI CO KHI VIET NAM, S6 329, thang 6 nim 2025
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

Dai hoc Su pham K¥ thuat Thanh phé H6 Chi
Minh d tai trg kinh phi ciing nhu hd trg trong
qué trinh thuyc hi¢n nghién ctu nay. Bai bao
nay 1a san pham cua dé tai NCKH véi ma sé:
SV2025-356.%¢

Ngay nhan bai: 05/5/2025
Ngay phéan bién: 19/5/2025

Tai liéu tham khao:

[1].

[4].

[7].

Singh, M., & Singh, S. (2021), “Multiple
response optimization of ultrasonic assisted
electric discharge machining of Nimonic 75:
a Taguchi-grey relational analysis approach”.
Materials Today: Proceedings, 45, 4731-4736.
https://doi.org/10.1016/j.matpr.2021.01.173

. BalaramNaik, A., & Chennakeshava Reddy,

A. (2018), “Optimization of tensile strength
in TIG welding using the Taguchi method and
analysis of variance (ANOVA)”. Therm Sci
Eng Prog, 8, 327-339. https://doi.org/10.1016/j.
tsep.2018.08.005

. Paventhan, R., Lakshminarayanan, P. R., &

Balasubramanian, V. (2011), “Fatigue behaviour
of friction welded medium carbon steel and
austenitic stainless steel dissimilar joints”.
Materials & Design, 32(4), 1888-1894. https://
doi.org/10.1016/j.matdes.2010.12.011

Argade, G. R., Shukla, S., Liu, K., & Mishra,
R. S. (2018), “Friction Stir lap welding of
stainless steel and plain carbon steel to enhance
corrosion properties”. Journal of Materials
Processing Technology, 259, 259-269. https://
doi.org/10.1016/j.jmatprotec.2018.04.048

. Kant, R., Mittal, C., Kumar, B. S., Rana,

M., & Kumar, R. (2018), “Fabrication and
characterization of weldments AISI 304 and AISI
316 used in industrial applications”. Materials
Today: Proceedings, 5(9), 18475-18481.

. Sridhara, S. N., Allada, S. C. S., PV, S. S,,

Banala, S., Subbiah, R., & Marichamy, S. (2020),
“Tensile strength performance and optimization
of Al 7068 using TIG welding process”. Materials
Today: Proceedings. https://doi.org/10.1016/].
matpr.2020.09.481
Shanmugasundar,

G., Karthikeyan, B., &

[8].

[9].

[10].

[11].

[12].

[13].

[14].

Vignesh, V. (2019), “Optimization of process
parameters in TIG welded joints of AISI
304L-austenitic stainless steel using Taguchi’s
experimental design method”. Materials Today:
Proceedings, 16, 1188-1195.

Silwal, B., & Santangelo, M. (2018), “Effect of
vibration and hot-wire gas tungsten arc (GTA)
on the geometric shape”. Journal of Materials
Processing Technology, 251, 138-145. https://
doi.org/10.1016/j.jmatprotec.2017.08.010
Ramana, M. V., Kumar, B. V. R. R., Krishna,
M., Rao, M. V., & Kumar, V. S. (2020),
“Optimization and influence of process
parameters of dissimilar SS304L - SS430 joints
produced by robotic TIG welding”. Materials
Today: Proceedings, 23, 479-482. https://doi.
org/10.1016/j.matpr.2019.05.388

Bu, Y., & Gardner, L. (2018), “Local stability
of laser-welded stainless steel I-sections in
bending”. Journal of Constructional Steel
Research, 148, 49-64. https://doi.org/10.1016/j.
jesr.2018.05.010

Yan, S., Shi, Y., Liu, J., & Ni, C. (2019), “Effect
of laser mode on microstructure and corrosion
resistance of 316L stainless steel weld joint”.
Optics and Laser Technology, 113, 428-436.
https://doi.org/10.1016/j.optlastec.2019.01.023
Keskitalo, M., Sundqvist, J., Méntyjérvi, K.,
Powell, J., & Kaplan, A. F. H. (2015), “The
influence of shielding gas and heat input on
the mechanical properties of laser welds in
ferritic stainless steel”. In Physics Procedia
(Vol. 78, pp. 222-229). Elsevier B.V. https://doi.
org/10.1016/j.phpro.2015.11.032

Wu, S. K., Zheng, K., Zou, J. L., Jiang, F., & Han,
X. H. (2018), “A4 study of the behavior and effects
of nitrogen take-up from protective gas shielding
in laser welding of stainless steel”. Journal of
Manufacturing Processes, 34, 477-485. https://doi.
org/10.1016/j.jmapro.2018.06.031

Mohammad, H., & Tayebi, M. (2018),
“Comparative study of AISI 304L to AISI 316L
stainless steels joints by TIG and Nd:YAG laser
welding”. Journal of Alloys and Compounds,
767, 112-121. https://doi.org/10.1016/j.
jallcom.2018.06.302

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)

TAP CHI CO KHI VIET NAM, S6 329, thang 6 nim 2025

327

cokhivietnam.vn / tapchicokhi.com.vn



