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TOM TAT

K thudt san xudt han ddp dwoe quan tam rat nhiéu trong céng nghiép boi kha nang ché tao
nhitng chi tiét kim logi 6n véi chi phi thap va thoi gian ngdn. Pady la cong nghé twong dong véi
cac cong nghé in 3D kim logi dua trén bot kim loai, diém khdc biét & day la cac cong nghé in khac
ding chiim tia e hodc laser lam nguén ndng lrong dé néng chdy bot hodc day kim logi thi WAAM
lam chay ddy kim logi bang hé quang dién. Hién c¢é nhiéu cong trinh nghién ciru xem xét danh gid
co tinh cia vit liéu sau khi han ddp cho thdy hop kim titan sau gia cong cé thé so sanh dwoc véi
vit diic hodc rén. WAAM hai déy cé khd ndng ché tao hop kim intermetallic va cho thdy cong nghé
day tiém ndng trong twong lai thay thé hodn toan cho cdc phwong phdp gia cong truyén thong khdc.
Giong nhw EBAM va DED, cdc cong nghé WAAM tao ra san pham gan voi thiét ké nhat, sau dé két
hop gia cong CNC d@é dat yéu cau vé chat lwong bé mdt va kich thuede hinh hoc (ciing c6 thé hiéu
la phwong phdp tao phéi van nang), diéu dé cho phép giam thoi gian gia céng, tiét kiém vt liéu va
ndng cao ndng sudt.

T khéa: Cong nghé WAAM; In 3D; Téc dé in 3D; D¢ bén.

ABSTRACT

Wire and Arc Additive Manufacturing (WAAM) is a promising additive manufacturing (AM)
technique for fabricating large metal parts at low cost and short lead times. It is similar to powder-
based metal AM technologies, but instead of using an electron beam or laser as the energy source
to melt the powder or metal wire, WAAM uses an electric arc. Several studies have investigated
the mechanical properties of WAAM-deposited materials, and have shown that titanium alloys
can achieve properties comparable to those of cast or wrought materials. Dual-wire WAAM has
the potential to fabricate intermetallic alloys, and has shown promise as a future replacement for
traditional machining methods. Like Electron Beam Additive Manufacturing (EBAM) and Directed
Energy Deposition (DED), WAAM produces near-net-shape parts that can then be machined
with CNC to achieve the desired surface quality and geometric dimensions (which can also be
understood as a universal preform method). This can reduce machining time, save material, and
improve productivity.

Keywords: WAAM technology,; 3D printing, Printing speed, Product strength.
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1. GIOI THIEU

Trong nhimg nim gan day, cong ngh¢
san xuat boi ddp kim loai (WAAM) di thu hut
su quan tAm dang ké cuia cac nha khoa hoc va
k¥ su tai Viét Nam. WAAM str dung nang luong
tap trung nhu laser hodc voi plasma dé ndu chay
kim loai dang day hay bdt va tao ra cac chi tiét
kim loai theo 16p. So véi cac phuong phap san
xut truyén thong, WAAM c6 vu diém 1a téc do
nhanh, chi phi thap, kha nang tu dong héa cao
va it lang phi vat liéu.

Mot s6 cong trinh nghién ctru tiéu biéu
vé WAAM: Nhom nghién ctru tai Pai hoc Bach
khoa Ha Noi dd phat trién thanh cong quy
trinh in 3D boi ddp kim loai bang cong nghé
WAAM st dung voi plasma va day nhom lam
nguyén liéu. Cac mau in di dat do chinh xac
cao [1]. Pai hoc Bach khoa Ha Noi da nghién
ctru anh hudng cua cac thong sd qua trinh dén
chat lugng mbi han trong WAAM. Két qua cho
thdy toc d6 day 1a yéu t6 then chét anh huong
dén cdu trac va co tinh cta vat liéu [2]. Nhém
nghién ctru cua Vién Khoa hoc Vit liéu da ché
tao thanh cong cac chi tiét kim loai phuc tap
bang thép khong gi sir dung cong nghé WAAM.
Céc thong sd qua trinh da duoc toi uu hoa dé
dat do chinh xac cao. Cong nghé WAAM ra doi
tir nhitng nam 1990 va dén nay da c6 nhiéu tién
bd déng ké. Cac nha nghién ctru hang dau trén
thé giéi déu quan tam dén viéc phat trién cong
nghé nay. Cranfield University (Anh) la mot
trong nhirg trung tim nghién ctru hang dau
vé WAAM. Nhom nghién ctru ctia GS. Stewart
Williams tai day da phat trién cac quy trinh in
3D cho nhiéu loai kim loai nhu thép khong gi,
titan, hop kim nhom, niken. Ho cling nghién
ctru cai tién cac thudc tinh co hoc cua vat liéu
sau in bang phuong phap xir 1y nhiét [3].

Tai Dai hoc Sheffield (Anh), GS.

Moataz Attallah da tién phong trong viéc sur
dung cong nghé WAAM dé san xuét cac chi
tiét 16n va phtc tap nhu canh tua bin gi6, than
may bay. Ong ciing nghién ctru cach tbi wu hoa
cac thong sb qua trinh dé nang cao ning suit
va chét lugng in 3D [4]. Cac nha nghién ciru
Trung Qudc ciing rat chi trong dén WAAM.
Vién Han va Gia cong Kim loai Trung Qudc
da phat trién thanh cong quy trinh in 3D cho
cac hop kim nhom phuc tap nhu Al-Cu-Mg, Al-
Zn-Mg. Ho ciing tap trung vao tng dung cong
nghé nay trong linh vyc hang khong vii tru [5].
Nhin chung, xu huéng nghién ctru WAAM trén
thé gidi 1a mo rong pham vi vat liéu c6 thé sir
dung, nang cao ning suit va chat luong in 3D,
g dung san xuét cac chi tiét 1on phic tap cho
cac nganh cong nghiép. Cac thong sé qua trinh
nhu téc d6 ddy, cong suat laser van dong vai trd
then chdt va cn duoc tdi wu hoa.

Wire Arc Additive Manufacturing
(WAAM) 1a mdt cong nghé in 3D kim loai tién
tién, két hop phuong phap han hdé quang va
san xuat boi dép dé tao ra cac chi tiét kim loai
16n va phtrc tap. WAAM duoc biét dén véi kha
ning ché tao nhanh chéng va hiéu qua cac san
pham c6 kich thudc 16n, gitp tdi wu hoa chi phi
va thoi gian san xuat. Cac tinh chat cua cac bd
phan do san xuit bi anh huong dang ké boi cac
thong sb xtr ly. Cac thong sé xir Iy ndy c¢6 nhirng
wu diém mau thudn can dugc diéu tra. Bai bao
nay diéu tra anh huéng cua téc do ra day cua
may han dén tinh chat kéo cua cac thanh phan
dugc san xuét bang ky thudit WAAM. Nghién
ctru dugc thyc hién trén thép cacbon, béng cach
sir dung thiét ké giai thira ddy du ciia thi nghiém
dé phén tich anh huong cua toc do ra day dén
tinh chit kéo ctia mo hinh. Ddi véi cude diéu
tra, ba két qua — do bén, gidi han chay, 46 déo —
duogc xem xét. TUr cude diéu tra, nguoi ta quan
sat thay rang, toc do ra day c6 anh huong dén
tinh chét kéo cia md hinh.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 322, thang 11 nim 2024 191
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU'U - TRAO PO

2. PHUONG PHAP

Phan nay cung cdp thong tin vé tiéu
chuan TCVN-5400 dé x4c dinh d6 bén kéo ctia
mau WAAM 3D dang truc. Ngoai ra, cung cap
vé quy trinh san xuat mau, cac thong sb thiét ké
va may thir nghiém.

Trong phuong phap han bdi dap, toc do
ra ddy c¢6 anh hudng 16n dén chét lugng va do
bén cta san pham. Téc d6 ra day duogc kiém
sodt truc tiép trén bang diéu khién ctia may han.
Khi toc d6 ra diy qua thap s& ddn dén mbi han
nho cao, hep, doi khi khong co sy hoa quyén
gitra bién mdi han va vat han, nhu hinh duéi
day:

Hinh 1. Duong han nhé cao, hep
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Hinh 2. Mau kéo tiéu chuan TCVN-5400

4. SAN XUAT MAU THU

Bang 1. Théng s6 ciia mdu thir

SPECMENT
PARAMETER
A | B C
1(A) 115 | 115 | 115
Offset 225 | 225 | 225
% 450 | 450 | 450
Goc xoén (do) 180 | 180 | 180
Ty 18 16p dép (%) 70 70 70
o 4 7 10
Toc do ra diy (Min) | (Mid) | (Max)

Vé6i cac théng sb quy trinh dd chon,
mau thtr nghi¢m dugc chuan bi thong qua bon
budc duoc liét ké duoi day:

1) M6 hinh ba chiéu (3D) cta mau thir
dugc chuan bj thong qua phan mém thiét ké
Inventor 2025, nham xac dinh phuong phap in
phu hop.

2) Tao chuong trinh G-code va tién
hanh nhdp vao may CNC, nham thiét 1ap hinh
dang chi ti€t can san xuat vao may.

3) Mau duoc tao ra sau khi diéu chinh
thiét 1ap may.

4) Mau duoc ldy ra khoi may sau khi
thuc hién hoan tat chuong trinh gia cong va tién
hanh loai bo cac vat liéu con thtra.

110

Hinh 3. Mdu kéo sau khi gia cong xong
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5. KIEM NGHIEM VA BAO CAO 6. XU LY SO LIEU
Sau khi qud trinh san xuat mau hoan Max-stress average (MPa)
tat, thir nghiém do bén kéo duoc thyuc hién dé 480

tim do bén kéo va do bién dang cua mau. May
kéo van nang WA-1000B dugc st dung dé thu
nghiém.

Min Mid Max

58888

W oW w

Hinh 6. Biéu dé thé hién dé bén kéo ciia mau thir

Trong mot biéu d6 kéo, o bén kéo dut

14 chi s6 khong thé thiéu. Vi cac mau thi ¢6
toc do ra day lan lugt 12 Min, Mid, Max thi co

d6 bén kéo twong g 12 381.5 Mpa, 457.1 Mpa,

436.3 Mpa. Day 1a chi s6 vo cling quan trong,

vi n6 biéu thi cho cuong do cang t6i da ma vat

liéu co thé chiu duogc trude khi bi dut giy. Do

bén kéo dut phu thudc chi yéu vao thanh phan

hoéa hoc, qué trinh san Xuét va xu 1y nhiét cua

vat liéu.
Hinh 4. Kiém tra dé bén kéo ciia mau
Upper yield (KN)

350

340

330

320

310

300 .

250

Min Mid Max

Hinh 7. Biéu d6 thé hién dg bén chay ciia mau thir

Ta thay lan luot cac mau thir c6 toe do
ra day lan lugt 1a Min, Mid, Max, ¢6 gidi han
chay lan luot & mic 309.4Mpa, 346.7Mpa,
337.8Mpa. Day 1a mot chi sd quan trong dé
danh gia tinh chit co hoc cua vat liéu, 1a noi
ma vat liéu bat dau chay va bién dang vinh vién
dudi tac dong cua tai trong. Trong thuc té, cac
nha thiét ké st dung chi s6 nay dé lya chon vat

Hinh 5. Cac két qud ciia qud trinh thir nghiém liéu phi hop voi nhu clu tai trong can ding. %
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Percentage total extension after fracture (%)

Mid Max

Hinh 8. Biéu do thé hién dé dén dai cia chi tiét

Diay dan hoi 1a chi sé kha dugc chi v,
cac mau thir ¢ toc do ra day lan luot 1a Min,
Mid, Max tuong mg voi diy dan hoi 41.5%,
51%, 48%. Pay la phan cua biéu dd kéo bén
ma vat liéu van c6 thé phuc hdi vé trang thai
ban dau ma khong gy ra bién dang vinh vién
sau khi ap luc bi loai bo. Nhin chung ta co6 thé
thiy, tc do ra day c6 anh huong 16n truc tiép
dén tinh chét co hoc ctia san pham.

Tdc d6 ra diy cao: Dan dén luong kim
loai bd sung nhiéu hon, tao ra bé han 16n hon
va moi han c6 thé day hon. Tuy nhién, néu qua
cao, co thé gay ra hién tuong tich tu qua nhidu
kim loai, din dén cac khuyét tat nhu bot khi
hodc cac vét nirt.

Tdc d6 ra day thap: Luong kim loai bd
sung it hon, bé han nho hon va mbi han co thé
mong hon. Néu qua thap, c6 thé dan dén mdi
han khong di kim loai, gay ra cac van dé vé do
bén va két cau.

7. KET LUAN

Thong qua qua trinh thyc nghiém va
phan tich két qua thuc nghiém, viéc thay doi
toc d6 ra day lam anh huong dang ké dén chat
lwong mdi han, kha nang két dinh gitra cac 16p
pht, ciu tric vi mé va tinh chét co hoc cua san
phém dang truc. Tbc do ra day thich hop s€ tao

ra mot mdi han c6 do cung va do bén cao hon,
trong khi mot mdi han co6 téc do ra diy qua
thip hodc qua cao s& khién cho mbi han c6 chit
lugng kém. Viéc lya chon tde do ra day phu
hop sé& gitp cho san phdm dugc tao ra c6 chat
lugng.

(*) Péng gop cua tac gia:

- Hinh thanh y tuong va muc tiéu nghién
ctru: Tran Minh Thé Uyén;

- Thuc hién nghién ctru, thu thap dir
lidu, phan tich dir liéu, viét va chinh sira bai
bao: Nguyén Vin Vién, Tran Chi Bao, Truong
Vin Thanh va Nguyén Thanh Nam.
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