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TOM TAT

Pé tai “Khao sdt anh huéng toc do han dén chat lwong san pham in 3D kim loai WAAM”
rdt cap thiét va c6 y nghia thuc tién cao. Toc dg han la yéu t6 quan trong anh hiedng dén ning sudt,
cdu tric vit lidu va dé bén co hoc ciia san phcfm WAAM. Téc dé han cao cé thé gay khuyét tat nhw
16 rong va vét mit, lam giam chat heong san pham. Hién chuwa c6 nhiéu nghién ciru ddy i vé anh
hiong ciia toc dd han dén chat lwong san pham WAAM dé xdc dinh diéu kién téi wu. Nghién ciru
nay nham xdc dinh toc dé han thich hop dé ndng cao nang sudt va dam bdo chdt lwong san pham,
g6p phan hoan thién quy trinh céng nghé in 3D WAAM va dwa vao tmg dung thyc té, thay thé dan
cdc phwong phdp gia cong truyén thong.

T khéa: WAAM; Toc dé han; In 3D kim logi; Cdu triic vit liéu; Phdn tich khuyét tdt.
ABSTRACT

The study “Investigation of the Influence of Welding Speed on the Quality of WAAM Metal 3D
Printed Products” is highly urgent and practically significant. Welding speed is a crucial parameter
affecting the productivity, material structure, and mechanical strength of WAAM products. High
welding speed can cause defects such as porosity and cracks, reducing product quality. Currently,
there is limited research on the impact of welding speed on WAAM product quality, lacking
comprehensive scientific and experimental bases to determine optimal conditions. This study aims
to clarify the mechanism and relationship between welding speed and the mechanical properties
and material structure of WAAM products, thereby identifying appropriate welding speeds to
enhance productivity and ensure product quality. The research results will contribute to improving
the WAAM 3D printing process, optimizing process parameters to produce high-quality metal
components, and gradually replacing traditional machining methods with WAAM technology in
practical applications.

Keywords: WAAM (Wire Arc Additive Manufacturing); Welding Speed; 3D Metal Printing;
Material Structure; Defect Analysis.
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1. GIOI THIEU
1.1. Téng quan

- Trong nudce: Cong nghe in 3D kim loai
WAAM (Wire Arc Additive Manufacturing)
méi chi bat dau duoc nghién ctru va tng dung
tai Viét Nam trong vai ndm gan day. Cac nghién
ctru tap trung vao kha nang ing dung trong linh
vuc ché tao khudn mAu, san xuit cac bd phan
hep trong 6 t6 va tau thuy. Mot sé don vi da
nghién ctru va ché tao thanh cong may in 3D
WAAM véi cac nguyén 1y va thong s6 ki thuat
co ban. Tuy nhién, nghién ctru vé quy trinh, co
ché hinh thanh c4u trac va tdi vu hoa thong sd
dé nang cao chat lugng san pham con han ché.

- Ngoai nude: Cong nghé in 3D kim loai
WAAM (Wire Arc Additive Manufacturing) 1a
mot cong nghé in 3D st dung cung cip day kim
loai lién tuc dé tao ra cac chi tiét kim loai theo
16p bang phuong phap han MIG/MAG. Cong
nghé niy c¢6 nhidu uu diém nhu toc do nhanh,
chi phi thip, kha ning san xuat cac chi tiét 16n.
Mot $6 nghién ctru da khao sat sy phu thude
ctia co ché bién dang, ciu trac hat va o bén co
hoc vao tée do han trong in 3D WAAM cho céc
hop kim nhom, sit khong gi, titan,... [2], [3].

1.2. Co sé 1y thuyét

- Pé tai s& nghién ctru co ché bién dang
nhiét va co ché hinh thanh ciu tric kim loai
trong qua trinh in 3D WAAM ¢ céc toc do han
khac nhau. Khao sat anh huéng cua toc do han
1én ciu trac vat lidu va cac tinh chéat co hoc
ctia san pham in 3D bang thi nghiém. Céc tinh
chét nghién ctru bao gém: ¢0 hat, khuyét tat, do
chat, cuong dd kéo, do cung,...

« Vat liéu: Kim loai pho bién trong in
3D WAAM la sit va thép.

- Mo ta hinh dang ban dau mau: Mau
dé han gém 24 long dén sit day 5mm co cac
duong kinh khac nhau nho dan vao giira phoi
nhu Hinh la, long d&n dugc gia cong theo
phuong phap cit laser. O giita cac long dén 1a
16 6.3 dé két nbi tat ca cac long dén bang mot
truc ren dai (Hinh 1b).
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Hinh la. Kich thuéc mau trén thiét ké

Hinh 1b. Mau thuc té

* Téc d6 han: Trong khoang 200 mm/
phat dén 2000 mm/phut, chon 3 toc d0 nam
trong khoang dé€ han theo Bang 1.

Bang 1. Bang théng s6 bién trong qud trinh han

Ko B v
STT | 1 dwong han | (mm/ (mm)
mau | (A) han (mm) | phut)
(mm)
1 ]120 2 Thang | 300 17
2 120 2 Thing | 425 17
3120 2 Thing | 550 17
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Cac mau vat sau khi han: - Tc @6 t6i da cac truc: 2500 mm/pht;
- B9 chinh xac 1dp lai: <0.03 mm.

2.2. M6 hinh may thir kéo

Hinh 2a. Mau vdt sau khi han
(chwa qua gia cong tién)

Hinh 4. Universal Testing machine _ WE-1000B

Hinh 2b. Mau thir kéo sau khi gia cong Thong s6 may:

- Model: WE-1000B;

- Serial number: 72106;

- Max force: 1000 kN;

- Accuracy: = 1 %;

- Tensile test space: 0-700 mm;

- Compression test space: 0-600 mm;

- Clamping jaw: Manual/Hydraulic;

- Clamping jaw for round specimens: ®14-45
mm;

- Clamping jaw for flat specimens: 0-40;

- Compression platen: ®225 mm,;

- Piston stroke: 200 mm;

- Diameter of bending roller: ® 50 mm;

G - Mainframe dimensions: 900 x 700 x 2250
Hinh 3. May han MIG 4 truc mim;

2. MO HINH THU NGHIEM

2.1. M6 hinh may han

- Control cabinet size: 550 x 500 x 1250 mm;
Thong s6 may: - Machine power: 1.1 kW;

- Weight: 2900 kg.
- Hanh trinh truc: 300 x 260 x 250 (mm);
- Cong sut tiéu thu ti da: 1.5 kW;
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3. KET QUA THU'C NGHIEM

e meen]

Hinh 5a. Biéu do Ung sudt — bién dang sau khi thuc nghiém kéo véi mau V = 300 mm/phit.

Hinh 5b. Biéu do Ung sudt — bién dang sau khi thic nghiém kéo véi mau V = 425 mm/phiit

Hinh 6. Biéu d6 Ung sudt — bién dang sau khi thire nghiém kéo véi mau V = 550 mm/phit.

Bdng 2. Két qua dat dwoc sau khi thi nghiém kéo

Mau Téc dd han Tiét dién Luc kéo Giéi han | Luc kéo dut Gl(;,rltl?n
mm/phut mm? chay (kN chiay (Mpa kN

(mm/phit)  (mm?) y(kN) | chiy Mpa) | (kN) (Mpa)

1 300 380.13 47.01 123.70 62.60 164.60

2 425 380.13 36.49 160.80 46.80 206.10

3 550 380.13 56.39 148.30 70.80 186.10
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Qua qué trinh lam thuyc nghiém do
cudng do kéo ctia ba mau han nhu trén thi ta rit
ra duoc bang thong sé va biéu d6 nhu trén Hinh
5a, 5b, 6 va Bang 2. Ta thy rang anh huong
ctia toc d6 han 1én do bén cua san pham 1a c6
thay d6i khi san pham c6 thong s6 han nhanh
hon can ung suat 16n hon dé bi bién dang giong
véi mau khac. Hon nita, diém bén kéo cua san
pham c6 toc do cao hon thi can (g suat va luc
kéo dut 1on hon.

- Tang toc d6 han cai thién do bén kéo:
Khi ting toc d6 han tir 300 mm/phut dén 550
mm/phit, luc kéo chdy tang tur 47.01 kN 1én
56.39 kN va lyc kéo dut tang tir 62.60 kN 1én
70.80 kN. Diéu nay cho thiy téc do han cao
hon gitp céi thién kha nang chiu luc kéo cua
mdi han. Trong cac tng dung doi hoi mdi han
chiu luc kéo 16m, viéc chon toc dd han cao hon
6 thé 1a mot lua chon tdt.

- Tang toc d6 han cai thién gioi han
chay va gioi han dut: Gidi han chay tang tur
123.70 MPa 1én 148.30 MPa va giéi han dut
tang tir 164.60 MPa 1én 186.10 MPa khi toc do
han ting. Diéu nay cho thdy rang mbi han s&
chiu dugc tng suat cao hon trude khi bt dau
bién dang déo cung nhu trudce khi gay. Trong
cac ung dung can mdi han c6 d6 bén cao, vige
tang toc do han co thé giup dat duoc yéu ciu
nay.

- T6i uu héa quy trinh han: Dé dat duoc
mdi han ¢6 tinh chét co hoc tdt nhat, can toi vu
hoa toc d6 han. Toc d6 han qué thap c6 thé dan
dén mbi han yéu hon, trong khi tbc do han qua
cao c¢6 thé dan dén cac van dé khac nhu qua
nhiét hodc bién dang khong mong mudn.

4. KET LUAN
Thong qua qua trinh thyc nghiém va

phan tich két qua thyc nghiém, viéc tang toc
d6 han 1am anh huong dang ké dén kha ning

bién dang, d§ cing va cuong do kéo cua mau
han WAAM. Tuy thudc vao yéu cau thuc tién
va kha nang tmg dyng cua san pham ma sé& sir
dung miu voi tbc d6 khic nhau. Trong cac
nganh coéng nghiép nhu ché tao may, xay dung,
va san Xuét két cau thép, viéc chon téc do han
phu hop rat quan trong. V6i nhiing ing dung
yéu cau mdi han co stc bén cao, tbe d6 han cao
c¢6 thé mang lai hidu qua 16n. Tuy nhién, can
can nhic thém vé cac yéu t6 khac nhu loai vat
lidu, hinh dang méi han va diéu kién thuc té.

(*) Bong gbp cua tac gia:

- Hinh thanh y tuédng va muc tiéu nghién
ctru: P Thanh Trung;

- Thuc hién nghién ctru, thu thdp dir
liéu, phan tich dir liéu, viét va chinh sira bai
bao: Nguyén V3 Thanh Cong*, Tran Pac Luan,
Nguyén Ngoc Duy va Vii Dinh Théng.
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