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TOM TAT

Pé tai “Khao sat anh hieong cuong do dong dién dén dp bén uon san pham WAAM” ¢é tinh
thiét thiee va g dung cao trong cong nghé ché tao phéi mau in 3D WAAM. Cwong d dong dién
c6 tac déng rdt I6n dén qud trinh anh hiong dén hinh dang ciia moi han. Véi cuong dé cao, moi
han ¢é xu hwdng rong va sdu hon, trong khi véi cuong dé thap, moi han c6 thé hep va néng hon.
Thi nghiém cho thdy doi véi vt liéu sdt, cuong do qud cao hodc qud thdp déu cé thé dan dén cdc
khuyét tdt nhuw ré, niet va trong qud trinh han WAAM anh hwéng 1om dén cdu triic vt liéu va tinh
chat co hoc. Do vy, can khado sdt ré anh huéng nay dé lya chon théng sé han phit hop. Qua dé, dé
tai nay sir dung may CNC 4 truc diing dé ché tao mau khoi try 16i réng han theo 16p layer theo qud
trinh hinh thanh in 3D kim logi vé6i cdc théng sé cwong dé dong dién khao sdt. Két qua nghién ciru
sé gop phan hoan thién quy trinh cong nghé in 3D WAAM, t6i wu héa cdc théng sé qud trinh dé san
xudt trong linh vuc ché tao nhanh, giup tao hinh nhanh cac chi tiét kim loai ¢6 kich thude Ién ma
cdc phirong phdp truyén thong khé cé thé thiee hién duorc.

T khoa: WAAM (San xudt boi ddp bang day cung); Cuong dp dong dién; In 3D kim logi;
Cau truc vat liéu; Khuyét tat.

ABSTRACT

The topic “Research on the influence of electric current on the bending strength of WAAM
products” is practical and highly applicable in WAAM 3D printing prototype manufacturing
technology. The intensity of the current has a great impact on the process affecting the shape of
the weld. With high intensity, the weld tends to be wider and deeper, while with low intensity, the
weld can be narrow and shallow than. Experiments show that for iron materials, intensity that is
too high or too low can lead to defects such as pitting and cracking, which in the WAAM welding
process greatly affects the material structure and mechanical properties. Therefore, it is necessary
to clearly study this influence to choose appropriate welding parameters. Thereby, this project uses
a 4-axis CNC machine to manufacture hollow core cylindrical samples that are welded in layers
according to the metal 3D printing process with the investigated current intensity parameters. The
research results will contribute to perfecting the WAAM 3D printing technology process, optimizing
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process parameters for production in the field of rapid manufacturing, helping to quickly shape
large metal parts that require advanced methods, traditional methods are difficult to implement.

Keywords: WAAM (Wire Arc Additive Manufacturing); Electric Current Intensity;, 3D
Metal Printing; Material Structure; Defect Analysis.

1. GIOI THIEU
1.1. Tong quan

Ngay nay, v6i sy phat trién manh mé
cua nganh cong nghé in 3D kim loai méi st
dung han hd quang va day kim loai dé tao ra
cac cAu trac kim loai 16p theo 16p. Viéc nghién
clru va phat trién cong nghé nay co thé tao ra
cac bo phan kim loai 16n, phuc tap véi chi phi
thip hon va thoi gian san xuit nhanh hon S0
vOi cac phuong phap truyén thong. Hiéu 15 vé
cac thong s vé cuong do dong dién tac dong
anh hudong dén co 1y tinh vat liéu c6 thé gitp
t6i wu hoa thong s, tir d6 tang cuong do bén,
d6 cting va hiéu suat chung cta co cau. Céc két
qué nghién ciru ¢ thé img dung rong rai trong
linh vuc co khi, 6 t0, hang khong,. ..

Trong nudc: Pé tai “Khao sat anh
huong cudng do dong dién dén d6 bén udn san
phém WAAM?” tai Viét Nam con kha mdi mé.
Tuy nhién, cong ngh¢ WAAM da dugc nghién
ctru trén thé gidi trong thoi gian gan day. Tai
Viét Nam, méi chi c6 mot sb cong trinh nghién
ctru so bo vé cong nghé WAAM nhu:

» Nghién ctru ché tao phoi thép khong gi 316L
bang cong nghé WAAM tai Pai hoc Bach khoa
Ha Noi [1].

- Céc hudng nghién ctru chinh:
» T6i wu hoa cac thong sb qua trinh (cudng

d6 dong, tbc d6 han,...) dé cai thién tinh chit
co hoc.
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» Khao sat anh huong cua qua trinh hau xi
1y nhiét dén céu tric va tinh chit cua vat liéu.
Phat trién phan mém mo phong va kiém soat
qua trinh WAAM.

» Ung dung WAAM dé ché tao cac chi tiét 6
to, hang khong, y sinh.

- M6t s6 nghién ctru lién quan mat thiét
dén de tai:

» Khao sat anh hudng cua cuong do dong dién
dén co tinh cua thép 304L, cho théy d6 bén udn
tang khi tang dong di¢n [2].

» Nghién cuu twong tu trén thép 316L, xac
dinh cuong do dong tbi uu 1a 200A [3].

» Phan tlch moi lién he gita cdu tric vi mo
va d6 bén udn cua cac mau 316L ché tao bang
WAAM [4].

1.2. Co s ly thuyét

Thiét ké va tién hanh cac thi nghiém
khao sat anh hudng cua thong sd cudng do
dong dién dén do bén udn san pham WAAM.
Thir nghiém véi cac thong s6 trén may CNC 4
truc duge diéu chinh theo céc sb liéu nam trong
bang thong sb dd duoc xem xét va van hanh
dé kiém tra tinh 6n dinh hd quang va sy thay
d6i cuong d6 dong dién 1am anh hudng toi qua
trinh han tao mau.

- D6i tugng: San pham sit ché tao bang
cong nghé WAAM theo két ciu tiéu chuan
kiém nghiém;

- Thong s6 thay d6i: Cuong do dong

dién han;
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- Két qua: Bo bén udn;

- Gi61 han: Chi khao sat trong pham vi
cuong do dong dién 100-200A;

- Nghién ctru mdi quan hé giira chung
thong qua thuc nghiém va ly thuyet

- Két hop phan tich cdu trac vat lidu dé
1am 13 co ché anh huéng cua cudng do dong
dién;

- Pé xuét cudng do dong dién tdi uu va
cac khuyén nghi vé thong s6 cong nghé. Trong
qua trinh tao mau, diéu chinh thong s6 han theo
g véi cac gié tri trong bang 1, v&i cac bién sb
cong nghé khéc giir khong doi.

Bang 1. Céc théng sé han

STT I | Offset a \% D
(A) | (mm) | (mm) | (mm/phit) | (mm)

1 |130| 2 |Thing 425 17

2 120 2 |Thing 425 17

3 |110| 2 |Thing 425 17
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Hinh 1. M6 hinh chi tiét san pham va hinh anh
thuc te cua do ga mau

Mo ta théng s hinh hoc ciia mé hinh
khao sat cuong do dong dién. Co cdu c6 hinh
dang 13 hinh tron véi cac duong kinh 1an luot
la @17, 015, @14, @13 voi duong kinh 15 12 26.3
dugc ldp ghép vao mot cay ty c6 ren ¢6 duong
kinh 1a M6 va cb dinh trén than cay ty bang
2 dai 6c. Muc dich ding cay ty c6 ren dé gin
thém chi tiét truc c6 ranh va 16 cham tam gitp
dinh vi bang hai dau chdm tam trong qua trinh

ga dat mau 1én mam cip, kep chit bing mam
cap 3 chau. Trong qué trinh han sinh ra nhiét
luong rat 16n nén ding nuée dé tudi ngudi (vi
tri chi tiét truc co ranh) tranh lam cho méu han
bi cong vénh do tinh chét gidn ng sinh nhiét.
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Hinh 2. Ban vé ché tao mau long dén theo tiéu
chuan mau khao sat

- Thiét ké ban v& mau nghién ciru c6
kich thuéc tiéu chuan theo quy dinh ctiia phuong
phap thir nghiém, kiém tra d6 bén uén sau khi
gia cong cac 16p han theo kich thudc.
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Hinh 4. Két qua sau khi gia céng tao ra mau thir
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- Nhan thiy trong qu4 trinh han can phai
kiém tra chup khi do xi han ban 1am cho khi ra
khong déu anh hudng dén chét lwong mbi han,
kiém tra dau kep day ngudi dé dam bao dién
cuc tiép xtc ludn 6n dinh trong qué trinh han.

- MAu sau khi han can phai xtr Iy bé mat
dat theo yéu cau ban v€ ché tao qua quy trinh
gia cong may tién, may phay CNC.

2. MO HINH THU NGHIEM

2.1. M6 hinh may han

Hinh 6. Universal Testing machine WE-1000B
« Thong s6 may:

- Hanh trinh truc: 300 x 260 x 250 (mm);

- Cong suét tiéu thu tdi da: 1.5 kW;

- Tdc d6 t6i da cac truc: Max 2500 mm/phut;
- B9 chinh xac 1ap lai: <0.03mm.

2.2. M6 hinh may thir kéo

- 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 mm,;

- Compression platen: ®225 mm;
- Piston stroke: 200 mm;
- Diameter of bending roller: ®50 mm;

- Mainframe dimensions: 900 x 700 x 2250 mm;
- Control cabinet size: 550 x 500 x 1250 mm;

- Machine power: 1.1 kW;

- Weight: 2900 kg.

3. KET QUA THi NGHIEM

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

: Ung
Cuong | pig | Tai | suét
x do dong I .
Mau : dien di¢n trong lon
; (mm?) | (kN) | nhét
Am-pe
(Am-pe) (Mpa)
1 130 23.86 30.99 |1298.83
2 120 23.86 2446 |1025.15
3 110 23.86 23.57 | 987.85

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)

TAP CHI CO KHI VIET NAM, S 3244325, thang 1+2 nam 2025

cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

1

1,360

. Miul_|=130A
1

Maximun strengh
= 1298.83 (MPa)

Stress(MPa)
. @~ ow

1 2 3 4 § & T ] ]
Stran(%

Hinh 7. Biéu @6 Ung sudt — bién dang sau khi thuc
nghiém uén véi mau I = 130 (Am-pe)
» Ting cuong do dong cai thién do bén udn:
Khi ting cuong d6 dong tir 110 Am-pe dén
130 Am-pe, ng suit ting tir 1189.26 kN 1én
1481.27 kN. Piéu nay cho thay thay doi cuong
d6 dong dién giup cho qua trinh mbi han c¢6 do
ngéu va dong chay kim loai nhiéu hon giup cai
thién kha nang chiu lyc uén cia moi han.

» Thong sb toi vu: Thém vao d6, & mirc cudng
do dong 1a 130 am-pe cho thdy tai trong ban
dau tac dong 1én mau la nhu nhau nhung van
dat duoc ng sudt 10n nht so véi hai trudng
hop c6 cudng do dong thap hon. Qua do, thong
s6 cudng d6 dong c6 anh huong téi do bén
mau, giup xac dinh duoc gia tri dau vao phu
hop trong qué trinh img dung vao thuc té.

» Ung dung trong quy trinh han: Dé dat duoc
méi han c6 tinh chit co hoc t6t nhat va xac dinh
mirc 6 pht hop véi thong sé cudng do dong
trong pham vi nghién ctru trén. Cuong do dong
qua thap co thé din dén mbi han co do ngau it
hon, trong khi cudng d6 dong cao c6 thé din
dén cac van dé khac nhu qua nhiét, hién tuong
ving ban xi va ho quang khong on dinh giy
bién dang khéng mong mudn.

» Sau khi thuc nghiém do kiém nghiém do bén
udn cua ba mau han nhu trén thi ta rat ra duogc
bang thong sé va biéu d6 nhu trén Hinh 7, 8, 9
va Bang 2. Ta thdy rang anh huong cuong do
dong dién 1én d6 bén cia san pham 1a c6 thay
d6i khi san pham c6 thong sb cudong do dong

cang 1on can tai trong 16n tao ra Gng suat lon
hon lam bién dang mau uon.
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Hinh 8. Biéu d6 Ung sudt — bién dang sau khi thuc
nghiém uon véi mau I = 120 (Am-pe)
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Hinh 9. Biéu d6 Ung sudt — bién dang sau khi thuc
nghiém uon véi mau I = 110 (Am-pe)

4. KET LUAN

Trong qua trinh khao sat va nghién ctru
thi d6 bién dang, d6 cung va ng suit ciia mau
han WAAM bi anh huong twong ddi boi viée
tang cuong do dong voi pham vi thi nghiém va
di thir bén udn cho ra gia tri c6 do chinh xac va
c¢6 thé tmg dung trong thuc té 1am thong s co
ban cho cac van dé vé do do6 bén mau han. Vi
vdy, cac linh vuc nhu xay dung, ché tao may
va san xuat két cu thép, viéc lya chon tde do
han phu hop 1a diéu can thiét. Tuy nhién, voi
thong s6 cuong do dong 130 am-pe co thé bi
anh hudng va tac dong tr moi truong lam viée
va diéu kién han trong phong thi nghiém s& c6
nhing sai sb cho nhiing tmg dung yéu cau mdi
han ¢6 strc bén cao, vi vay can xem xét thém
cac yéu tb khac.
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