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TOM TAT

Trong boi canh chuyén déi sang san xudt thong minh, han laser va in 3D kim logi dang
tré thanh hai cong nghé then chot trong ché tao va phuc hoi chi tiét co khi. Bai bdo trinh bdy tong
quan nguyén 1y, ddc tinh kj thudt, hiéu qua kinh té — cong nghé va cdc iing dung thue tién ciia hai
cong nghé nay. Két qua phan tich cho thdy han laser vueot tréi vé kha ndng tdp trung nang lirong,
dé chinh xdc, ving anh hudng nhiét nhé va chat lwong moi han cao; phit hop véi cdc nganh yéu
cau do on dinh 6n nhie khuén mau, ndng heong va hang khéng. Trong khi d6, in 3D kim loai (PBF/
SLM/DED) cho phép ché tao cdc bién dang phikc tap, toi wu cdu triic va rit ngdn dang ké thoi gian
nghién ciru va phat trién (R&D). Bai bdo ciing phdn tich co hgi va théach thire khi trién khai tai Viét
Nam, dong thoi dé xudt dinh hiedng phat trién trong giai doan tdi.

Tir khéa: Han laser; In 3D kim logi; San xudt théng minh; Céng nghé ché tao tién tién.
ABSTRACT

In the context of transitioning toward smart manufacturing, laser welding and metal 3D
printing are becoming two key technologies for the fabrication and restoration of mechanical
components. This paper provides an overview of their operating principles, technical characteristics,
techno-economic efficiency, and practical applications. The analysis shows that laser welding offers
outstanding advantages in energy concentration, precision, minimal heat-affected zones, and high
weld quality, making it suitable for sectors that demand high stability such as mold manufacturing,
energy systems, and aerospace. Meanwhile, metal 3D printing technologies (PBF/SLM/DED)
enable the production of complex geometries, structural optimization, and a significant reduction in
research and development (R&D) time. The paper also examines the opportunities and challenges
of implementing these technologies in Vietnam and proposes development directions for the coming
period.

Keywords: Laser welding; 3D metal printing; Smart manufacturing;, Advanced
manufacturing technology.
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1. PAT VAN PE

Trong bdi canh cudc cach mang cong
nghiep lan thr tu, cac cong nghé ché tao tién
tién dang duoc quan tdm va ung dung ngay
cang rong rii nham d4p Ung yéu cAu san xuat
thong minh, tiét kiém ning lugng va nang cao
chat luong san pham. Trong sb d6, cong nghé
han laser va in 3D kim loai ndi 1én nhu hai giai
phap then chdt trong linh vire co khi ché tao va
phuc hoi chi tiét.

Han laser, v6i cac bién thé nhu laser
cladding, laser cam tay hay laser xung, c6 kha
nang tao ra mbi han chat lugng cao, d§ chinh
xac 16n, vung anh huong nhiét nho, tir d6 tang
tudi tho va giam chi phi bao tri thiét bi [1],
[2]. Cong ngh¢ nay da dugc ting dung rong rai
trong cac nganh hang khong, ning lugng, dau
khi va ché tao khuén mau [3].

Song song voi cong nghé han laser,
in 3D kim loai (Additive Manufacturing) cho
phép ché tao cac chi tiét phirc tap ma phuong
phap gia cong truyén thong kho thuc hién, dong
thcn tiét kiém vat liéu va rat ngan th01 gian phat
trién san pham [4]. Cac nghién ctru gan ddy cho
thay in 3D kim loai dac biét hitu ich trong san
xuét tlty bién, y té, hang khong va cong nghiép
qudc phong [5], [6].

Tuy nhién, ca hai cong nghé nay déu dat
ra nhimg thach thirc trong thyc tién, bao gdm
chi phi dau tu ban dau cao, yéu cau vé vat liéu
chuyén dung, ciing nhu ngudn nhén luc c6 trinh
d6 k¥ thuat cao [7], [8]. P6i v4i Viét Nam, viée
nghién ctru, phan tich va téng hop kinh nghiém
qudc t& dé dé& xuat huéng tmg dung phu hop
trong san xuat thong minh 1a hét sirc can thiét

(91, [10].

Trén co s& do, bai bao nay tap trung
phan tich xu hudng phat trién, hiéu qua k¥ thuat
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va kinh té, ciing nhu trién vong tng dung cong
nghé han laser va in 3D kim loai trong bdi canh
cong nghi¢p 4.0. Qua do, bai bdo huong tdi
viéc cung cp co s¢ khoa hoc cho dinh huéng
ung dung tai Viét Nam trong giai doan tdi.

2.NOI DUNG VA KET QUA NGHIEN CUU
2.1. Cong nghé han laser tién tién

Han laser 1a phuong phép lién két kim
loai str dung mat d§ nang lugng cao, cho phép
tao ra mdi han co6 do xuyén sau 16n, ving anh
huong nhiét (HAZ) nhé va do 6n dinh hinh hoc
vuot troi so véi han hd quang truyén thong. Ban
chét cua qua trinh han laser phu thugc manh
vao mat d¢ cong sudt g, dugc xac dinh theo [1],

[2]:

V6i P 1a cong suit chum laser va r 1a
ban kinh tiéu diém. Khi sir dung laser fiber 1-3
kW v6i duong kinh tiéu diém 80-200 pm, mat
do cong suét co thé dat 10°-107 W/em?, du dé
tao co ché keyhole cho d6 ngau sau va hep [1],

[3].

Do sau ngau cd thé dugc mo ta theo
quan h¢ gan dang:

P
d=k—
v

Vi v 1a toc do han va k 13 hé s phu
thugc vat liéu [2]. Vi thép C45, khi tang cong
suét laser tir 1,5 kW 1én 3 kW va giir tbc d6 han
10-12 mmy/s, d6 siu ngiu ting tir 1,2 mm 1én
gan 3 mm, ching t6 kha ning tap trung ning
luong rat cao [2], [3].

Céc dang cong nghé han laser dugc ung

dung rong rai gom:

@
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« Laser fiber: Hiéu suét cao, thich hop
cho thép hop kim va thép khong gi.

* Laser Nd/YAG xung: Phu hop sua
chira chi tiét chinh xac.

* Laser CO,: Hi€u qua khi han vat li¢u
¢6 do phan xa 16n, nhung hiéu suat kém hon
laser fiber [3].

Mot hudng phat trién quan trong la
laser cladding, str dung bt hop kim Ni/Co/Fe
két hop chum laser cong suét 2-6 kW dé tao 16p
phu cimg, d6 pha lodng thap (<5%) va do cung
sau phii ¢6 thé dat 50-60 HRC [7]. Phuong phap
nay dugc tng dung manh trong phuc héi truc
bom, banh ring, khuén mau va chi tiét turbine
(Hinh 1).

Ngoai ra, han laser cam tay dang duoc
sir dung pho bién trong cac co s& san xuat vira
va nho nho vu diém téc d6 han cao (30-50
mm/s), HAZ nho (0,2-0,4 mm) va chét lugng
bé mat mdi han tét, giam nhu cau gia cong hoan
thién [10].

Céac nghién clru quoc t€ va trong nudc
cho thay han laser c¢ thé:

Tang d6 bén mdi han 10-20% [2], giam
15-25% chi phi bao tri thiét bi [7], han ché cong
vénh va khuyét tit nho ving anh huéng nhiét
nho [1], [2], [10].

Nho kha nang tap trung nang luong
vuot troi va hiéu sudt cao, han laser ngdy cang
chiém vai tro quan trong trong ché tao khuén,
san xuét thiét bi nang lwong, hang khong, dau
khi va phuc hdi chi tiét cong nghiép.
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Hinh 1. So' d6 nguyén Iy laser cladding [1].
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Hinh 2. So d6 qud trinh in 3D kim logi bang
phuwong phap PBF [2].

2.2. Cong nghé in 3D kim loai (Additive
Manufacturing)

Cong ngh¢ in 3D kim loai, dac biét
nhom cong nghé¢ Powder Bed Fusion (PBF)
nhu SLM/DMLS, dang tré thanh nén ting cdt
16i trong san xuit thong minh. Nguyén 1y tao
hinh dya trén nung chay cuc bg 16p bot kim loai
mong (20-60 pm) bang chum laser cong sut
200-1000 W [4]. Qua trinh in 3D kim loai bﬁng
phuong phap PBF duoc thé hién nhu hinh 2, bé
mit bot kim loai duoc phu déu, sau dé tia laser
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quét tap trung dé nung chay va tao 16p; lap lai
nhiéu 1an dé tao hinh san pham [2], [4].

Chét luong tao hinh phu thuoc manh

vao mat do nang luong tuyén tinh (Linear
Energy Density — LED) [5], [6]:

LED =

v-h
Véi v 1a toc d6 quét va h 1a khoang cach
duong quét.

Khi LED thip (<40 J/mm?), bot khong
nong chay hoan toan, giy khuyét tat. Khi LED
qua cao (>120 J/mm?), xuat hién keyhole
porosity do hd nong chay qua sau [5], [6].

Mot s6 thong sd anh huong 16n dén
cAu triic va co tinh san pham bao gém: Do day
16p bot (20-60 pm), chién luoc quét (stripe,
chessboard), nhiét d6 budng in, hinh thai ho
néng chay (melt pool geometry) [4], [5].

Vi cac vat liéu quan trong trong cong
nghé in 3D kim loai:

* Ti-6A1-4V dat d6 bén kéo 1080-1150
MPa va d6 rong dudi 0,2% sau xir Iy nhiét [6].

« Inconel 718 cho dd bén nhiét cao, phu
hop chi tiét turbine khi [5].

* Maraging Steel M300 cho d cung
sau hoa gia 52-55 HRC, ung dung manh trong
khuon ép nhua [4].

« 316L c6 kha ning chéng an mon cao
va cau trac hat min [5].

Tbc do ddp vat liéu duoc mo ta boi [4]:
m=A-v-p

Trong cong ngh¢ SLM, tbe do dép dat
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5-15 cm?/h, pht hop chi tiét d6 chinh xac cao;
trong khi DED (Direct Energy Deposition) co
thé dat 30-60 cm?/h, thich hop phuc hoi hodc
ché tao chi tiét 16n [7], [8]. Cac phuong phép in
3D kim loai pho bién dugc thé hién nhu hinh 3.

[A) Laser powder-bed fusion (LPBF) [B) Electron beam powder-bed fusion (EPBF
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licong moi han/clad trong in 3D [4].

So véi gia cong truyén théng, in 3D kim
loai tiét kiém 30-50% vat lidu, rit ngan 40-60%
thoi gian R&D va ché tao, tao hinh dugc cac
bién dang phtrc tap, kénh lam mat t6i wu va cau
tric to ong ma CNC khong thé gia cong [4], [8].

Tai Vi¢t Nam, cong nghé¢ in 3D kim

loai da dugc thir nghiém trong ché tao khuon <
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ép nhura, chi tiét 6 t6 va san pham theo nhu cau tuy bién [9]. V&i kha ning tao hinh wu viét va tinh
linh hoat cao, in 3D kim loai dugc du bao s€ trd thanh tru cdt quan trong trong san xuat thong minh
giai doan hudng tdi Cong nghiép 5.0.

2.3. Phan tich hiéu qua Ky thuit — Kinh té

Bdng 1. So sanh han laser va han truyén thong

Tiéu chi

Han truyén thong

Han laser

Do bén moi han

Trung binh, d& bién dang

Tang 10-20%, it khuyét tat [1],
[2]

Do chinh xac

+0,1-0,2 mm

0,01-0,05 mm [3]

Vung anh hudng nhiét
(HAZ)

Rong, dé gay cong vénh

Nho, han ché bién dang

Chi phi bao tri

Cao, moi han dé xudng cap

Giam 15-25% nho tudi tho chi
tict tang [7]

dung

Téc d6 han Trung binh Nhanh hon cho chi tiét méng/nho
C 1 oad A1 £ Cao (g?ip 3-5 1an han truyén
Chi phi dau tu thiét bi Thap théng) [7]
. . Két cau pho thong, vat liéu thong | Vit lidu dac biét, moi han can do
Ung dung phit hop chinh xéc cao

Bdng 2. So sanh in 3D kim logi va gia cong co khi truyén thong

Tiéu chi Gia cong truyén thong (SM) In 3D kim loai (AM)
N . N o a Boi dap timg 16p tir bot/day kim
Nguyén ly Cat got tir phdi — bo vat liéu du loai [41, [5]

Do chinh xac

Rat cao voi chi tiet don gian

Cao, ¢6 thé ché tao bién dang
phtrc tap [6]

Tiet kiém vat liéu

Phé liéu nhiéu

Giam 30-50% nho chi dung ding
luong can [5]

Thoi gian R&D/ché tao

Dai, can nhiéu nguyén cong

Rut ngan 40-60% so voi truyén
thong [6], [8]

Do bén chi tiét

Cao, dong nhét

Cao, co thé t0i uu cau triac rong,
nhe ma bén [5]

Chi phi dau tu

Trung binh

R4t cao (may in 3D kim loai dat
tién)

Ung dung phu hop

San xudt hang loat, chi tiét don gian

Hang khong, y té, khuon mau, chi
tiét dac thu
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2.4. Xu hwéng va trién vong ing dung

Xu huéng san xuét hién dai dang chuyén
dich manh mé sang cdc mo6 hinh tich hop, trong
d6 han laser va in 3D kim loai duoc két ndi
truc tiép vao cac day chuyén ty dong hoa thong
minh. Sy két hop giira robot cong nghiép, hé
thdng cam bién da trudng (nhiét — quang — lyc)
va thuat toan tri tué nhan tao (AI) cho phép
giam sat trang thai méi han, hd nong chay hoic
16p bdi dép theo thoi gian thuc vdi do phan giai
cao. Nho 6, cac thong sé cong nghé nhur cong
suit laser, toc do quét, chién luoc quét hoac luu
luong vat liéu dugc diéu chinh tu dong theo co
ché phan héi vong kin (closed-loop control),
gitip 6n dinh qué trinh, giam sai hong va ting
chét lugong bé mit [8].

Hinh 4 minh hoa md hinh hybrid trong
cong nghé in 3D laser, noi nhiéu ngudn ning
luong khac nhau — laser, plasma, hd quang
hodc nang luong dién tir — dugc két hop nhim
t6i uru hoa hinh dang hd néng chay, mat d6 ning
luong va dic tinh té vi ciia 16p vat liéu boi dép.
Theo [4], cac hé thong hybrid c6 kha ning diéu
khién céu trac kim loai theo 16p (layer-wise
microstructure control), tir d6 cai thién do bén
kéo, d6 bén moi va do dai va dap so véi phuong
phap PBF thuan tay.

Su phét trién cta cac md hinh tich hop
nay khong chi ning cao ning suit ma con mo
ra kha ning ché tao cac san pham c6 bién dang
phirc tap, dung sai nho va mirc do tiy bién cao.
Dic biét ddi véi cac chi tiét co clu trac rong
tinh vi, kénh lam mat cong 3D hodc bién dang
khi dong phurc tap, su két hop giira han laser,
dép laser va in 3D kim loai tao ra nhﬁ'ng loi
thé ma cac phwong phap cat got truyén thong
khong thé dat du:orc Pay 1a nén tang quan trong
dap Gmg yéu ciu cua cic hé théng san xuit
thong minh theo dinh huéng Cong nghi¢p 4.0
va tién toi Cong nghi¢p 5.0, noi tinh linh hoat
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va kha ning ty thich nghi cua day chuyén san
xuat 1a y€u to then chot.

Tai Viét Nam, cac cong nghé nay dang
ting budc dugc trién khai trong nhitng nganh
cong nghiép then chét nhu ché tao khudén mau,
dau khi, nang lugng, hang khong, co khi chinh
xac va dién tu [9], [10]. Céc linh vyc nay déu
¢6 nhu cau cap thiét trong viéc doi méi cong
nghé nham nang cao chét luong bé mit, ting do
bén chi tiét, rat ngin chu trinh san xuét va timg
budc tham gia sau hon vao chudi cung (g toan
cau.

Tuy nhién, viéc tng dung rong rai van
gip nhiéu thach thirc. Chi phi dau tu ban dau
cho may laser cong suit cao, hé théng LPBF/
DED, robot su truc va cam bién chuyén dung
con 16n. Quy trinh dénh gia va kiém soat chat
luong theo tiéu chuan qubc t& nhu ISO 14744
(han laser) hoac ISO/ASTM 52900 (AM) doi
hoi niang lyc kiém dinh va phong thi nghiém
déng bd. Bén canh d6, Viét Nam dang thiéu
hut ngudn nhéan lyc k¥ su ¢6 kha nang thiét ké
t6i wu topology, lap trinh dudng quét laser, mod
phong truong nhi¢t — co — hoa trong cac qua
trinh bdi ddp hodc lién két kim loai. Do do, dé
bat kip xu thé ctia cac qudc gia cong nghiép tién
tién, can trién khai chién luge dai han bao gém:
(1) Pau tu nghién ctru va phat trién (R&D) tai
cac truong dai hoc va vién cong nghé; (2) Pao
tao nhan luc chuyén sau vé vat liéu kim loai,
mo phong s6 (CAE/FEM), diéu khién tu dong
va ky thuat laser; (3) Hop tac gilra nha truong
— doanh nghiép — vién nghién ctru nham xay
dung day chuyén han laser va in 3D kim loai
thuc nghiém; (4) Tung budc ndi dia hoa vat
liéu bot kim loai va linh kién cong nghé cao;
(5) Chuén héa quy trinh danh gia chat lugng
theo tiéu chuan qudc té.

Khi cac yéu té trén duoc dong bd hoa,

Viét Nam c6 thé tung budc lam chu, t6i wu va &
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khai thac hi¢u qua cong nghé han laser va in 3D
kim loai trong san xuat cong nghiép hi¢n dai.

3. KET LUAN

Han laser, phat trién tir han truyén
théng, ndi bat véi do chinh xac cao, tap trung
ning luong tot va giam bién dang nhiét, phu
hop ché tao va phuc héi chi tiét chat lwong cao.
In 3D kim loai (Additive Manufacturing) tr&
thanh cong ngh¢ miii nhon, cho phép ché tao
chi tiét phuc tap, tiét kiém vat liéu va rut ngén
chu trinh R&D. So véi gia cong truyén thong,
hai cong nghé nay vuot troi trong san xudt san
pham phtc tap va tich hop trong méi truong
san xuat thong minh. Xu huéng hién nay 1a két
hop véi robot, cam bién va tri tué nhan tao, mo
rong ung dung trong hang khong, 6 t6, nang
lugng va y sinh. Nhu vay, han laser va in 3D
kim loai vira & giai phap k¥ thuat tién tién
vira 12 nén tang cho san xut hién dai trong ky
nguyén Cong nghi¢p 4.0.%
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