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TOM TAT

Két qua thir kéo cho thay truong hop 1 (U = 22V, I = 1704, f = 300 mm/phiit) va truong hop
8 (U =24V, I= 1704, f = 350 mm/phut) dat dwoc dé déo va dj bén kéo cao nhdt. Ca hai trieong hop
nay cé diém chung la kich thiede hat tdp trung chii yéu & cap 10 va 11, cho thdy théng sé han t6i wu
trong hai truong hop nay. Tt 6c do han tang diéu chinh d¢ déo, véi dé déo cao lam cdc hat bi nén lai
va kich thuoc hat giam, cai thién do bén ciia chi tiét. Khi téc dd han dat dén t6i han, dé déo giam
va kich thude hat tang, lam giam d bén ciia chi tiét. Thi nghiém ciing chi ra rang véi dong han cao
(I = 170A), xudt hién hién twong chuyén dich phun véi dé ngdu moi han thap. Khi tang dién dp, toc
dé han t6i han thay doi trong khodang nhé. Trong khi véi dong han thap (I = 120A4), xudt hién hién
twong chuyén dich cau, lam tang ddang ké dé ngau moi han. Khi tang dién dap, toc do han ti han
thay doéi trong khodng 16m hon. Tém lai, viéc thay doi toc do han (f) c6 thé tang hodc giam dg bén
cia chi tiét in 3D kim logi, tity thudc vdo toc do han t6i han. Thay doi dién dp han (U) va ddng dién
han (1) anh huong gzan tiép dén dé bén cua chi tiét théng qua toc dé han téi han. San pham tao ra
tir phwong phdp nay van dap iing yéu cau so véi cdc vit liéu khdc nhw thép c6 ham lwong carbon
trung binh.

Tir khéa: Uon ong; Con lin; Mdy uon; Ma sdt lan.
ABSTRACT

This study investigates the Wire Arc Additive Manufacturing (WAAM) method and its
impact Based on the results of tensile testing, Table 4.2.4 presents the values of Young's modulus,
yield strength, and ultimate tensile strength. It can be observed that case 1 (U = 22V, I = 1704,
f = 300 mm/min) and case 8 (U = 24V, [ = 1704, f = 350 mm/min) yield the highest ductility
and tensile strength. Both cases share the common characteristic of predominantly concentrated
particle sizes at levels 10 and 11. This indicates that the welding parameters in these two cases
are more optimized compared to the other cases. The study also reveals that as the welding speed
increases, the ductility also increases. Higher ductility compresses the particles, leading to smaller
particle sizes and thus improving the component's strength. When reaching the critical welding
speed, the ductility decreases, resulting in an increase in particle size and a decrease in component
strength. Furthermore, the experiments show that with higher welding currents (I = 170A), there

will be a phenomenon of spray transfer with low weld bead penetration. Increasing the voltage &
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changes the critical welding speed within a small range. Conversely, with lower welding currents
(I = 1204), there will be a phenomenon of globular transfer, leading to a significant increase in
weld bead penetration. Increasing the voltage changes the critical welding speed within a larger
range. In conclusion, varying the welding speed (f) can increase or decrease the strength of the 3D
printed metal components, depending on the critical welding speed. Changes in welding voltage
(U) and current (1) indirectly affect the component's strength by altering the critical welding speed.
Moreover, the products produced by this method still meet the requirements compared to other

materials such as medium carbon steel.

Keywords: Bending pipe; Roller;, Bending machine; Rolling friction.

1. GIOI THIEU

Cong nghé in 3D, hay con goi 1a cong
nghé San xuat Gia cong thém (AM), da tré nén
phd bién vao cubi nhitng nim 1980 dya trén
cac cong nghé co san nhu CNC, in 2D va laser.
Trong nhitng niam 1990, nhiéu cong nghé da
duoc phat trién, cai tién va thuong mai hoa dua
trén nguyén ly co ban ctia cong nghé gia cong
dap 16p AM. Theo tiéu chudn ASTM (American
Society of Testing and Materials), c6 7 phuong
phap dap 16p nhu: Powder Bed Fusion (PBF),
Direct Energy Deposition (DED), Binder
Jetting, Material Jetting, Sheet Lamination,
Vat Photopolymer, Material Extrusion. Trong
do, cong nghé PBF va DED Ia hai cong ngh¢
thuong dugc st dung trong linh vuc in 3D kim
loai.

Cong nghé¢ Wire Arc Additive
Manufacturing (WAAM) duogc phét trién dua
trén nguyén ly co ban cia cong nghé¢ DED, sur
dung phuong phap gia cong dap 16p bang hd
quang. WAAM la sy két hop giita cong nghé
han hd quang véi viée st dung may CNC hoic
canh tay robot cong nghiép dé tao ra cac chi tiét
¢6 hinh dang gan gidng chi tiét mau.

So véi cac cong ngh¢ in 3D kim loai

khac, cong ngh¢ WAAM st dung cong nghé
han ho quang phd bién nén chi phi dau tu thiét
bi va vat liéu thép. Do st dung vat li¢u dang
day, WAAM c6 toc do dap 16p nhanh hon cac
cong ngh¢ st dung vat li¢u dang bdt hay dung
dich. Ngoai ra, kha nang két hop v6i cong nghé
tay robot giup gia ting dang ké kich thudc chi
tiet.

Vi dé tai nay st dung cong nghé WAAM
dé ché tao mo hinh in 3D kim loai véi cac thong
s6 khac nhau, qua trinh dap 16p lién quan dén
han giy ra Gng suat du va bién dang san pham
do nhiét do cao, anh hudng dén d6 bén cua san
pham. Vi vay, dé tai nay ciing nghién ctru va
danh gia d6 bén co hoc ciia cic san pham tuong
g vé6i timg thong sé cua cong nghé WAAM.

2. PHUONG AN THU'C NGHIEM

Cac mau thir nghiém phai c6 kich thuéc
tuong dbi day du hodc dugc gia cong bang may,
nhu duoc quy dinh trong théng s ki thuat cia
san pham dbi v6i vat liéu dugc thir nghiém.

Theo tiéu chuin ASTM ES8/E8M-13
trang 4 [9], ta ¢6 cac yéu cau kich thudc co ban
nhu sau:
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Bang 1. Mau thir kéo tiét dién hinh chit nhdt

Kich thudc (mm)

L . —
- — k | E —
-] —-E l— A -l- |'—
- ¥ -~ T [1
—_ ————— W — — ¢
I 1 ,'r\_,__..._.._L. L—|
/ -
G
G — Chiéu dai chuan do 200.0+0.2 50.0+0.1 25.0+0.1
W — Chiéu rong chuan do 40.0 +2.0 12.5+0.2 6.0+ 0.1
T — Chiéu day >5 <19 <6
R — Bén kinh bo goc 25 12,5 6
L — Tong chiéu dai 450 200 100
A — Chiéu dai tiét dién thu hep 225 57 32
B — Chiéu dai phan kep 75 50 30
C — Chiéu dai phan kep 50 20 10
Cac phan tiét dién thu hep Bang 2. Truong hop ldy thir mau
ctia mau thir ¢ chuan bi khong dugc
co gia cong ngudi, khia, vét me, Miy | Tocdohan | Diénaphan  Donghanl
ranh, go, bé mat hoac canh go gheé, (mm/phut) U (V) (A)
nur,lg n?ng P?ac bat }<y dleAu klﬁfl’l na}o ] 300 ” 170
khéc c6 thé anh hudng xau dén cac
tinh chat can do. Trong phan tiét dién 2 350 22 170
th,u hep cua vmau’ thir hAlnh chir nha‘t? 3 400 2 170
cac canh hoac goéc khong dugc mai
hodc mai mon theo cach co6 thé 1am 4 300 24 170
cho dlé~n tich mat cét' ngang thl,{c te 5 350 24 170
cua mau thu khac bi¢t dang ké so
véi dién tich dwoc tinh toan. Ddi véi 6 400 24 170
vat liéu gion, nén bo goc co6 ban kinh 7 300 24 120
l6n ¢ cac dau cua chiéu dai chuan
do. Dién tich mit cat ngang cia mau 8 350 24 120
phai nho nhat tai tdm cua phan tiét 9 400 24 120
dién thu hep dé dam bao dut gay xay
A 4a- 2 Y 10 300 22 120
ra trong chiéu dai chuan do. Vi ly do
nay, cho phép c6 mdt d¢ thuén nho 11 350 22 120
trong phan rat gon ciia mdi mau thir
gpA , &t , A 12 400 22 120
dugc mo ta trong cac phan sau.
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(*) Tién hanh soi miu:

Budc 1: Pit mau di mai va tam thuc
1én ban kinh dé soi. Pi¢u chinh ti€u cyu cua kinh
sao cho thay dugc rd nét nhat bién giodi hat.

Budc 2: Chon 1 hat bat ky dé tién hanh
do kich thudc. Chon Measure — Line S déke
doan thing cit qua hat sao cho diém bat dau
va diém két thuc doan nam trung bién gidi hat.
Kich thu6c trén doan thing chinh 14 kich thuéc
hat theo phuong ngang.

Luu y: viéc do kich thudc hat phai sur
dung 6ng kinh ciing mot do phong dai véi dng
kinh & budc 3.

Budce 3: Ké doan thang vudng goc véi
doan théng O budc 5, ta co kich thudc hat theo
phuong doc.

Budc 4: Thuc hién lai bude 5 va 6 voi
cac hat khac va ghi lai két qua.

Budce 5: Str dung cong thic (1) va (2)
dé tinh tiét dién hat. Dya vao bang 3.4.1 dé xéac
dinh cép hat.

3. KET QUA VA PHAN TiCH CAU TRUC
TE VI

(*) Anh hwéng cia téc dd han (f) dén kich
thudc hat:

Mau 1 (f =300 mm/phut) c6 kich thudc
hat 16n nhat, phan 16n dat cap 10. Nguoc lai,
mau 2 (f = 350 mm/phut) c6 sd luong hat dat
cap 11 chiém hon 50% bé mit mau. Sang miu
3 (f = 400 mm/phut), cac hat cip 12 bat dau
xuét hién, trong khi luong hat cép 11 c6 su suy
giam.

Toém lai, khi dién ap 1a 22V, dong dién
1a 170A, toc dd han cang nhanh thi kich thudc
hat cang nho.

Hinh 1. T6 chitc té vi
A — Anh chup té vi B — Ti I¢ hat twong wng cap hat

4. KET LUAN

Két qua kiém nghiém cho thiy truong

hop han véi tbe dd 300 mm/phit va dong dién
170A cho ra chi tiét in 3D kim loai c6 d6 déo
va do bén kéo cao nhat. Két qua nay dong thoi
cling cho thay tdc d6 han t6i han dnh huong dén
d6 bén cua san pham Ngoal ra, dong han ciing
¢6 anh huong dén do ngau mdi han va kich
thudc hat. Tuy nhién, san pham in 3D kim loai
tir phuong phap ndy van dap Gmg yéu cau so
v6i vat liéu khac nhu thép ¢6 ham lugng carbon
trung binh.
(*) Kinh phi nghién ciru: Bai bao nay la san
pham cta nhiém vy NCKH va CN “Nghién ctru
cong nghé va ché tao thiét bi gia cong kénh giai
nhiét 3D cho khuon phun ép nhya”.

Ngay nhan bai: 17/7/2023
Ngay phéan bi¢én: 01/8/2023
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