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TOM TAT

Nghién civu nay tién hanh nghién ciru vé phwong phép han dap 16p kim loai (WAAM) va
danh huéng cia cac phieong dn han ddp 1én té chike té vi va dé bén kéo ciia san pham. Chiing tdi
liea chon 4 phirong dn han ddp khéc nhau va thuce hién thi nghiém bang cdach két hop han MAG va
mdy CNC. Phwong én xodn éc cho ra san pham c6 do bén kéo cao nhdt va dg gian dai thdp nhat,
phil hop cho céc chi tiét yéu cau dg bén va chong bién dang cao. Phwong dn zig zag xéo cé do bén
kéo cao nhat thir hai va dé gian dai cao thir hai, thich hop cho chi tiét dang tam. Phirong dn zig zag
cong co do bén kéo cao thir ba va dé gian dai lon nhat, phu hop cho chi tiét dang tam cé bién dang
cong. Phirong dn zig zag ngang cé do bén kéo va dé gian dai thap nhat, thuong dwoc dimg cho cdc
chi tiét don gidan khéng yéu cau dé bén va chong bién dang cao.

Tir khéa: In 3D kim logi; PJ bén kéo; Dang dwong in 3D; Kich thuéc dweong han.
ABSTRACT

This study investigates the Wire Arc Additive Manufacturing (WAAM) method and its
impact on the microstructure and tensile strength of the products. We selected four different welding
approaches and conducted experiments by combining MAG welding with CNC machining. The
helical pattern yielded the highest tensile strength and the lowest elongation, making it suitable for
parts requiring high strength and deformation resistance. The diagonal zigzag pattern exhibited
the second-highest tensile strength and elongation, suitable for plate-like components. The curved
zigzag pattern showed the third-highest tensile strength and the highest elongation, suitable
for curved plate components. The horizontal zigzag pattern had the lowest tensile strength and
elongation and is commonly used for simple components with minimal strength and deformation
requirements.

Keywords: 3D metal printing; Tensile strength, Toolpath; Welding size.
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1. GIOI THIEU

Ngay nay, phuong phap han, dac biét 1a
han MAG, d tré nén rat pho bién trong nganh
cong nghiép ché tao. Hain MAG khéng chi
dugc str dung trong cac ing dung thong thuong
ma con gitp khac phuc va sira chita cac chi tiét
bi mai mon, gy, vd hoac nut. Hon nira, phuong
phap nay con gitip cai thién tinh chat co 1y cua
chi tiét, kéo dai tudi tho san pham.

Tan dyng nhing uwu diém coa han
MAG, gan day, nha nghién ctru dd phat trién
mdt phuong phéap gia cong méi co tén 1a Dap
Lép HO6 Quang (WAAM), gitp giam dang ké
thoi gian va luong vat liéu so véi phuong phéap
gia cong truyén thdng. Phuong phap nay cho
phép tao ra cac chi tiét co hinh dang twong tu
nhu chi tiét gia cong truyén théng bang cach
dap timg 16p kim loai chong 1én nhau dé tao
hinh dang mong muén.

Tuy nhién, dé co dugc san phém nhu
y mudn, viéc dam bao tinh bén va do bén kéo
clia cac chi tiét dap 16p 1a rat quan trong va
can dugc can nhic k§. Trong dé tai nay, ching
t6i tién hanh thi nghiém va tap trung vao viéc
nghién ctru t6 chirc té vi va do bén kéo cua cac
chi tiét dép 16p. Hién tai, tai Viét Nam van con
it nghién ctru vé& van dé nay.

Dé d4nh gia tac dong ciia cac phuong an
han dép 1én t6 chirc té vi va do bén kéo cua chi
tiét dap, chung t6i da Iya chon 4 phuong an c6
anh huong dén do bén kéo va to chirc té vi ciia
san pham ddp 16p. Sau khi xac dinh cac thong
s6 can thiét va ké hoach thi nghiém, ching t61
tién hanh dip 16p mau bang cach két hop han
MAG va may CNC. Cac mau sau khi dap 16p s&
dugc kiém tra t6 chirc té vi thong qua kinh hién
vi va danh gia do bén kéo bang phuong phap
thi nghiém pha huy ¢ nhiét 4o phong. Phuong

phap nay da dugc 4p dung rdng rai trong cac
nganh san xuat kim loai, co khi, duc luyén kim
va kiém dinh vat lidu. Tir d6, chung toi thu thap
dugc dir lidu can thiét dé phan tich chat luong
ctia mau va hiéu qua cta cic phuong an han
dap.

2. PHUONG AN THU'C NGHIEM

Muc dich cta viée kiém tra hinh dang
duong han 1a dé du doan dugc cac thong s toi
vu khi ddp nhu khoang cach giita chup han va
bé mit can dip, khoang cach gitta cac dudng
han nham giam thiéu hién tuong bi dép thiéu,
16 khi hay bi dinh chup han vao mau trong qua
trinh han dap.

Ta str dung théng nhat cac thong sé cho
tat ca cac phuong an khi han: Hiéu dién thé khi
han 22 V, cuong d6 dong dién 120 A, luu lugng
khi 10 I/phat, toc d6 han 400 mm/phit.

Truong hop 1 — Han theo duong zig
zag ngang: cac duong han c6 khoang cach déu
bang 4mm nén do cao ma cac dudong han dip
1én nhau nam trong khoang 3mm dén 4mm. Ta
chon khoang céch gitra chup han va 16p han la
6mm.

Truong hop 2 — Han theo duong zig
zag x€o: cac duong han ¢ hai bén c6 khoang
cach nho hon 4mm nén d cao ma cac dudng
han dip 1én nhau ndm trong khoang 4mm dén
Smm. Ta chon khoang cach gitra chup han va
16p han 12 7mm.

Trudong hop 3 — Han theo duong xodn
bc: cac duong han ¢ hai bén c6 khoang cach
1a 3,5mm nén do cao ma cac dudng han dip
1én nhau nam trong khoang 4mm dén Smm. Ta
chon khoang céch gitra chup han va 16p han la
7mm.
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Truong hop 4 — Han theo duong zig

zag cong: cac duong han & hai bén c6 khoang !
cach nho hon 4mm nén dJ cao ma cac duong & E
han dap Ién nhau nam trong khoang Smm dén o £ 1
6mm. Ta chon khoang cach gitta chyp han va i i
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16p han [a 8mm. | 100 -
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Hinh 1. Puong han trong cdc trwong hop ciia mdu
va hinh anh thie nghiém theo chiéu tir trén xuong
'
. ! -
Dua theo tiéu chuan ASTM E8/E8M
— 13, ta chon va thiét ké mau thir kéo c6 kich
thudc nhu hinh sau: Hinh 3. Théng s6 mau han
Bdng 1. Cdc trwong hop mau thiv
Dién thé han \% Co, .
STT U (V) LA mm/phit) (Uphit) Phuong an
1 22 120 60 10 Zig zag ngang
2 Zig zag chéo
3 Xoan b¢
4 Zig zag cong
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Céac mau v6i thong s6 duong han song song véi chidu dai mau thir. Ta gia cong cit mau han
theo timg khoi, moi khoi ta s€ gia cong thanh 1 mau nhé dé quan sat t€ vi va 3 mau nho vaéi kich
thudc 100x10x3mm dé tién hanh thir kéo. Ta tién hanh han dap thanh cac mau nhu hinh 3.

3. KET QUA VA PHAN TiCH PQ BEN

Bdng 2. Két qua kiém tra trung binh ciia cdc phwong dn

’ i D(T)Nbién dang | D9 gian c,léli
Phurong 4n Miu Tiét dién Luc kéo dat | Do bén kéo rr}éu s’au khi tuo‘ng. dc”)’i

(mm?) (KN) (N/mm?) kéodut A | saukhikéo

(mm) dute (%)
1A 25.01 13.91 556.14 12.33 49.32
Zig zag ngang 1B 24.6 14.12 574.15 12.46 49.85
1C 14.75 8.31 563.59 6.97 27.88
2A 22.20 11.35 511.40 4.99 19.96
Zig zag x€o 2B 22.94 13.59 592.20 13.37 53.51
2C 18.00 10.19 565.94 10.02 40.08
3A 22.04 13.48 611.48 12.11 48.43
Xoan b¢ 3B 12.39 7.87 635.03 5.551 23.56
3C 22.94 14.26 621.45 11.49 45.94
4A 21.60 12.31 569.77 9.05 36.18
Zig zag cong 4B 26.55 15.40 577.74 14.163 58.68
4C 20.06 11.75 585.79 7.44 29.77

Biéu db (rng sudt cla phuwong én 2

Bidu dd Umg sudt cla phuong dn 1

Biéu do6 (rng suat cUa phuong an 3
Bieu do ung suat cua phuong an 4

Hinh 4. Biéu do ung suat cua cac phwong an khdc nhau
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Xét tai dd bén kéo, ta théy duogc so
v6i ddy han ban dau GM-70S véi do bén kéo
theo AWS 1a 72000 psi = 496,42N/mm? thi céc
phuong an déu cho mau c¢6 do bén cao hon diy
han. Xét vé do gidn dai sau khi dat, cac miu
han hau hét déu c6 d6 gidn dai cao hon han so
v6i day han ban dau. Nguyén nhan khi ta tién
hanh han dip, ddy han thong qua chuyén dich
tia tap trung lai thanh cac thé han, cac thd han
nay thuong c6 do bén va do gidn dai cao hon
so voi day han do trai qua qua trinh ndng chay
lam thay d6i t6 chirc té vi va thanh phan héa
hoc cuia no.

Khi ta tién hanh gia cong hoan thién sau
qué trinh han dép, ta thuong tién hanh gia cong
cit got dé loai bo luong du tai vi tri A va vi tri
C nham dam bao d6 nham bé mat cho san phém
nén san pham thuong ¢ co tinh phy thudc 16n
vao vi tri B.

Xét tai vi tri B — vi tri cho ra mau c6
co tinh 6n dinh nhat, ta thiy dugc phuong an
3 cho miu c6 do bén kéo cao nhat, phuong an
2 cho mau ¢6 d6 bén kéo cao thir hai, tiép dén
1a phuong an 4 va cudi cung 1a phuong an 1.
Céc thd han c6 chiéu doc theo mau thudng cé
d6 bén kéo cao hon, khi cic 16p han dip lén
nhau s& hinh thanh bién gii han c6 do bén kéo
thip hon. Xét theo phuong luc kéo tic dong
doc mAu han, cang nhiéu bién giéi han, d6 bén
kéo cang giam.

4. KET LUAN

Khi ta tién hanh gia cong hoan thién sau
qué trinh han dép, ta thuong tién hanh gia cong
cat got dé loai bo luwong du tai vi tri A va vi tri
C nham dam bao d6 nham bé mit cho san phém
nén san pham thuong ¢ co tinh phy thudc 16n
vao vi tri B. Do d6, d¢ dam bao do bén san
phém duoc 6n dinh, can tinh thém luong du
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& 16p trén cung va 10p dudi day trude khi tién
hanh han dap san pham.

Phuong 4n xoan 6¢ cho ra miu co do
bén kéo cao nhat nhung do gidn dai thip nhat.
Day la phuong an dap 16p hiéu qua voi nhiéu
loai bién dang va cho san pham c6 chat luong
bén nhat. Phuong 4n nay phu hop trong viéc
ché tao cac chi tiét ¢ yéu cau do bén va chong
bién dang cao nhu banh ring, gia d& co bién
dang phuc tap...

Phuong 4n zig zag xéo du cho ra mau co
d6 bén kéo cao nhét so véi cac phuong an zig
zag nhung do gian dai lai cao thir hai trong tat
ca cac phuong an. San pham tao boi phuong an
nay tuy d6 bén cao nhung kha ning chbng bién
dang kha thap phu hop ché tao chi tiét dang tAm
nhu gia chit L, vo thiét bi. ..

Phuong 4n zig zag cong tuy cho ra mau
¢6 d6 bén kéo cao thir ba nhung do gidn dai 16n
nhat trong cac phuong an. San pham tao ra boi
phuong 4n nay tuy d6 bén khong cao nhung
d6 gian dai 16n phu hop trong viéc ché tao cac
chi tiét dang tAm c6 bién dang cong nhu gia d&
cong, dng try. ..

Phuong 4n zig zag ngang d6 bén kéo va
d6 gian dai thip nhét trong tat ca cic phuong an
zig zag khac. Phuong an zig zag ngang thuong
sir dung nhiéu trong han dap thong thuong khi
khong yéu cau do bén va do chong bién dang
cao do tinh don gian trong phuong phap khi
tién hanh. San pham tao boi phuong an nay
thuong dugc dung dé ché tao chi tiét nhu vo
thiét bi, thung chua.

(*) Kinh phi nghién ctru: Bai bao nay la
san phém cua nhiém vu NCKH va CN “Nghién
ctru cong nghé va ché tao thiét bi gia cong kénh
gidi nhi¢t 3D cho khuon phun ép nhya”.
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