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TOM TAT

Nghién civu nay tdp trung vdo viéc ché tao cdc mau thir d6 bén uon dang tam bang phuong
phap in 3D kim logi khong b vt liéu, mot ky thudt tién tién cho phép san xudt cdc chi tiét kim logi
phike tap ma khéng can gia cong bé sung sau in. Muc tiéu chinh la danh gid téc déng ciia cdc thong
56 quy trinh in 3D dén dac tinh co hoc, dic biét la dé bén uon cua vt liéu. Cac mau thir dwoc thiét
ké theo tiéu chudn céng nghiép ché tao bang cong nghé in 3D pht‘t hop, va kiém tra co Iy tinh théng
qua phwong phap uon ba dzem Két qua thi nghiém cho thdy moi twong quan ro rét gitta cdc thong
s6 in, bao gom hudng I6p, toc do in, nhiét d, va khd ning chiu uén ciia san pham. Dya trén phdn
tich dir liéu, nghién civu dé xudt cdc gidi phdp t6i wu héa quy trinh in nham ndng cao chat lwong, dé
bén co hoc va tinh 6n dinh ciia san pham. Nhitng phdt hién nay déng gép quan trong vao viéc hoan
thién céng nghé in 3D kim logi, thiic ddy g dung trong cdc nganh céng nghiép doi héi dé chinh
xdc va hiéu sudt cao.

Tw khoa: In 3D kim loai; Khong bu vat liéu; Mau thir dJ bén uon; Dang tam; Co tinh vt
lieu; Thong s6 in (hwong lop, t6c do in, nhiét do...); Kiém tra uon ba diém.

ABSTRACT

This study focuses on the fabrication and evaluation of bending strength test specimens
in the form of plates using non-compensated material metal 3D printing, an advanced technique
enabling the production of complex metal components without requiring additional post-printing
machining. The primary objective is to assess the impact of 3D printing process parameters on
the mechanical properties, particularly the bending strength of the material. Test specimens were
designed according to industry standards, fabricated using appropriate 3D printing technology,
and subjected to mechanical property testing through the three-point bending method. Experimental
results reveal a clear correlation between printing parameters, such as layer orientation, printing
speed, and temperature, and the material's bending resistance. Based on the data analysis, the study
proposes solutions to optimize the printing process to enhance the quality, mechanical strength,
and stability of the products. These findings significantly contribute to refining metal 3D printing
technology, promoting its application in industries requiring high precision and performance.

Keywords: Metal 3D printing; Non-compensated material; Bending strength test
specimens; Flat/plate-shaped samples; Mechanical properties of materials, Printing parameters
(layer orientation, printing speed, temperature, etc.);, Three-point bending test.
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1. TONG QUAN

Cong ngh¢ in 3D kim loai da va dang
tr& thanh mot budc tién quan trong trong linh
vuce san xuat hién dai, dic biét trong cac nganh
cong nghi¢p k¥ thuat cao nhu hang khong vii
try, 6 t6, y t& va niang luong [1]. So véi cac
phuong phap gia cong truyén thong nhu dic,
phay, tién hodc rén, in 3D kim loai mang lai
nhiéu wu diém vuot troi, bao g6m kha nang ché
tao cac chi tiét phirc tap, giam thiéu lang phi vat
lidu va rat ngan thoi gian san xuat [2]. Dic biét,
cong ngh¢ in 3D kim loai khong bu vat li¢u,
chang han nhu cac phuong phap dua trén cong
ngh¢ Laser Powder Bed Fusion (LPBF) hoac
Directed Energy Deposition (DED), da mé ra
tiém ning 16n trong viéc toi uu héa quy trinh
san xudt, giam chi phi va nang cao hiéu qua sir
dung tai nguyén [3]. Trong bdi canh do, nghién
ctru ché tao cac miu thir 46 bén udn dang tim
bang cong nghé nay dang thu hut su chi y cla
gidi khoa hoc va cong nghiép, mac du van con
nhiéu thach thtrc can duoc giai quyét.

Cong nghé in 3D kim loai 1a mdt dang
clia san xudt boi dap (Additive Manufacturing
- AM), trong d¢6 vat liéu kim loai dugc ché tao
ting 16p theo thiét ké s6 hoa [4]. Cac phuong
phép phd bién bao gdbm LPBE, DED va Binder
Jetting, trong d6 LPBF dugc sir dung rong rai
nhat nho kha ning tao ra cac chi tiét c6 do chinh
xéc cao va bé mat hoan thién tot [5]. Cong nghé
nay cho phép san xuat cac chi tiét v6i hinh hoc
phtc tap ma khong can khudn mau, tir d6 giam
chi phi va thoi gian trong cac giai doan thiét ké
va san xut [6]. Hon nira, in 3D kim loai con
cho phép tich hgp céc chirc nang trong mat chi
tiét duy nhat, giam s6 lugng linh kién can lap
rap va cai thién hi¢u suit co hoc [7].

Trong cac tng dung k¥ thuat, d6 bén co
hoc cta cac san pham in 3D kim loai 1a mdt yéu
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t6 quan trong can dugc danh gia ky ludng. Céac
nghién ciru gan day cho thay, cac chi tiét duoc
ché tao bﬁ“mg in 3D kim loai c6 thé dat duoc
cac dac tinh co hoc twong duong hodc tham
chi vuot troi so voi cac chi tiét duge san xuat
bang phwong phép truyén thong, néu cac thong
s6 cong nghé duogc t6i wu hoa [8]. Tuy nhién,
céc dic diém vi cAu trac, nhu do Xép, ung suit
du va sy phan bd khong déng déu cua vat liéu,
c6 thé anh huong tiéu cuc dén chat luong san
pham va can duogc kiém soat chat ché [9].

(*) Cong nghé¢ in 3D kim loai khong bu vat li¢u

Cong ngh¢ in 3D kim loai khong bu vét
liéu, hay con goi la in 3D khong str dung vat
liéu bo sung (non-material addition), 1a mot
huéng di méi nham giam thiéu luong vat lidu
sir dung trong qua trinh san xuat. Thay vi st
dung vt liéu bd sung nhu trong cic phuong
phap truyén thong (vi du: vat liéu bu trong dic
hoic gia cong cit got), cong nghé nay tap trung
vao viéc str dung chinh xac lugng vat lidu can
thiét dé xay dung chi tiét, tir d6 giam thiéu lang
phi va chi phi [10]. Céac k¥ thuat nhu LPBF va
DED thuong duogc ap dung trong phuong phap
nay, trong dé bot kim loai hoac day kim loai
dugc nung chay bang ngudn ning luong cao
(thudng 1a laser hodc chum electron) va boi dép
timg 16p dé tao thanh san pham [11].

Mot trong nhimg wu diém 16n ciia cong
nghé in 3D khong bu vt liéu 1a kha nang ti wu
hoa thiét ké, cho phép tao ra cac ciu tric rdng
hodc ludi (lattice structures) c6 trong lugng nhe
nhung van dam bao do bén co hoc [12]. Ngoai
ra, cong nghé nay con giup rat ngin chudi cung
ung, giam sy phuy thudc vao cac quy trinh san
xuat phirc tap va ting tinh linh hoat trong san
xuét cac 16 hang nho hodc san pham tuy chinh
[13]. Tuy nhién, thach thirc 16n nhat ctia phuong
phap nay nam & viéc dam bao chat lugng bé
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mat, do chinh xac kich thudc va cac dac tinh co
hoc cua san pham, dac biét khi &p dung vao cac
mau thir @6 bén udén dang tam [14].

(*) Ung dung trong ché tao méu thir 9 bén
uén dang tAm

Mau thir do bén ubn dang tam 13 mot
loai mau thir quan trong trong viéc danh gia
cac dac tinh co hoc cua vat li¢u, dac bi¢t trong
cac nganh cong nghiép yéu cau cao vé do bén
va d¢ déo dai, nhu hang khong vii tru va 6 to
[1]. Trong cac phuong phap truyén thong, cac
mau thtr ndy thuong duge ché tao bang cach gia
cong co khi hodc diic, doi hoi nhiéu cong doan
va tiéu ton vat liéu [2]. Viéc ung dung cong
nghé in 3D kim loai khong bu vat lidu dé ché
tao cac mau thir dang tam mang lai nhiéu loi
ich tiém ning, bao gdm giam chi phi, rit ngin
thoi gian san xuat va kha ning tuy chinh thiét
ké mau thu [3].

Tuy nhién, viéc &p dung cong nghé in
3D kim loai vao ché tao mau thir d6 bén udn
dang tAm van con nhiéu han ché. Cac nghién
ctru chi ra ring, cdc mau thir in 3D c6 thé xuat
hién cac khuyét tat vi cAu trac, nhu do Xép hoac
l'mg suat du, 1am giam do bén udn so véi cac
mau du0’c gla cong truyén thong [4]. Dé khac
phuc, can t6i vu héa cac thong sb in, bao gom
cong suat laser, toc do quét, do day 16p va chién
lugc quét [5]. Ngoai ra, viéc kiém soat nhiét do
va moi truong in cling dong vai trod quan trong
trong viéc dam bao chat luvong san pham [6].

(*) So sanh véi phwong phap truyén thong

So voi cac phuong phéap truyén thong
nhu dic hodc gia cong co khi, in 3D kim loai
khong bu vat liéu mang lai nhiéu vu diém vé
hiéu qua kinh té va tinh linh hoat. Cac phuwong
phép truyén théng thuong yéu cau khudn mau,
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cong cu cat got va nhidu cong doan gia cong
bd sung, ddn dén chi phi cao va thoi gian san
xut kéo dai [7]. Trong khi do, in 3D kim loai
cho phép san xuét truc tiép tir mo hinh s6, loai
b6 nhu cau vé khuén mau va giam thiéu ling
phi vat liéu [8]. Tuy nhién, chat lwong co hoc
clia cac mau thir in 3D van can dugce so sanh ki
ludng voi cac mau thir truyén thong dé dam bao
tinh twong thich trong cac ing dung thuc té [9].

Céc nghién ctru gan day cho thiy, trong
mot sd trudng hop, cac mau thir @6 bén uén in
3D c6 thé dat duoc d6 bén tuong duong vdi cac
mau gia cong co khi, nhung d6 déo va kha ning
chiu tai dong c6 thé bi han ché do cac khuyét tat
vi cau trac [10]. Do d6, viéc cai thién quy trinh
in 3D va phat trién cac phuwong phap hau xir 1y,
nhu xt 1y nhi€t hodc gia cong bé mat, 1a can
thiét dé nang cao chét lugng san pham [11].

(*) Thach thire va dinh hwéng nghién ciru

Mac du cong nghé in 3D kim loai khong
bu vat liéu mang lai nhiéu loi ich, nhung van
ton tai mot sd thach thuc can duoc giai quyét.
Thir nhat, viée kiém soat vi cdu trac va khuyét
tat trong qua trinh in 14 mot van dé phuc tap,
doi hoi cac nghién ctru sau hon vé t6i vu hoa
thong s6 cong nghé [12]. Thi hai, chi phi dau
tu ban dau cho cac hé théng in 3D kim loai van
con cao, han ché kha ning ap dung rong rii
trong cac doanh nghiép vura va nhé [13]. Thu
ba, viéc thiéu cac tiéu chuan hoa trong san xuat
va kiém tra chat luong san pham in 3D ciing 1a
mot rao can 16n [14].

2.COSO LY THUYET
Nguyén 1y hoat dong ctia in 3D kim loai
bang phuong phép han TIG dya trén viéc su

dung ho quang di¢n gitta dién cuc khong nong
chdy va bé mat vat liéu nén, dudi modi truong
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khi tro (thuong 1a Argon) dé nung chay bén
trong thanh kim loai, tr d6 vat liu 1én nhau
theo bién dang dinh san. Qua trinh nay thuong
duoc diéu khién béng canh tay robot hoac hé
thdng CNC nham dam bao do chinh xac va 6n
dinh cta duong han. So véi cac phuong phap in
3D kim loai sur dung laser, in 3D bﬁng han TIG
¢6 uu diém 1a chi phi dau tu thép, su dung vat
lidu han phd bién, va tbc do nong chay va lién
két cao, dic biét phu hop vai cac chi tiét kich
thudc 16n va hinh hoc don gian. Tuy nhién,
phuong phép ndy van con ton tai nhimg han
ché nhu do chinh x4c hinh hoc chua cao, bé
mat tho, d& phat sinh tmg suat du va bién dang
nhiét. Céc thong sd cong nghé nhu dong han,
tde do cép day, tde do di chuyén dau han va loai
khi bao vé c6 anh hudng 16n dén chit luong 16p
dap, doi hoi phai dwoc t6i wu hoa phu hop véi
tung loai vat liéu va muc dich st dung.

3. CAC BUOC THUC NGHIEM
Budc 1. Chuan bj thiét bi va vat liéu

— Chuéan bi cic phoi theo kich thudc
tiéu chuén: 255 x 4 x 4; 255 x 5 x 5; ... dén
255 x 8 x 8 mm.

— Lam sach bé mit tiép xtic ctia phoi dé
tranh nhiém ban anh huong dén qua trinh han.

— Chuan bi may han WAAM 3 truc,
ngudn dién, hé thong khi bao vé (Argon), diy
tiép mat (mass), va dau han TIG.

Hinh 1. Chuan bi thiét bi va vat liéu

Budc 2. C6 dinh va ga phoi
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— G4 phoi 1én 8-t dé cb dinh chéc chén,
dam bao khong dich chuyén trong qué trinh
han.

— Han chip nhe hai déu phoi dé giir 6n
dinh vi tri ban dau.

Hinh 2. Cé dinh va gd phdi

Budc 3. Lap trinh va nhap thong s6 cho
may WAAM

— G4 dau han TIG 1én hé théng dau
chuyén dong.

— Nhép ma Iénh diéu khién (G-code) va
thong s han tir bang thiét ké Taguchi vao ché
do tu dong (Auto Mode) cua may WAAM.

— Céhc thong sb bao gom: Dong dién
(A), tc @6 di chuyén sung han (F), khoang hé
dau han (Denta), va bé day phoi can han (t).

Budc 4. Can chinh toa do va chay code

— bat toa do géc cho may trong ché do
thu cong (Manual Mode).

— Kep mass vao vi tri thich hop dé dam
bao mach dién kin.

— Khéi dong qua trinh han tu dong theo
chuong trinh da cai dat.

Hinh 3. Can chinh toa do va chay code

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 331, thang 8 nim 2025



NGHIEN CU’U - TRAO BOI

Budc 5. Sau khi han — xir Iy mau

— Mau duoc dem di gia cong danh bong
bé mat dé loai bo 16p oxi hoa va khuyét tat bé
mat.

— Sau d6, miu duoc dua di kiém tra co
tinh qua thir nghiém udn.

Hinh 4. Sau khi han — xit 1y mau

Budc 6. Ghi nhéan dir liéu va xir 1y sb
liéu

— Ghi lai két qua udn, d6 cong, vi tri nit
giy (néu co).

— Tién hanh phén tich anh huéng cia
cac thong s han 1én d6 bén udn.

4. KET QUA VA THAO LUAN

Béang 1 cung cép dit liéu thuc nghiém
theo ma tran Taguchi L25 (5%), nghia 1a ma tran
nay khao sat 4 yéu té (A, F, A, h) véi mdi yéu to
c6 5 muc gia tri khac nhau, dan dén 25 t6 hop
thi nghiém. Cac yéu t6 va mirc gia tri duoc liét
ké nhu sau:

* A (Dong dién han, Ampe): 135, 140,
145, 150, 155.

« F (Téc d6 dich chuyén dau han, mm/s
hodc mm/min): 13.50, 15.75, 18.00, 20.25,
22.50.

* A (Khoang cach dau han voi bé mat,
mm): 1.00, 1.25, 1.50, 1.75, 2.00.

« h (Bé day phdi can han, mm): 4, 5, 6,7, 8.

Mbi hang trong bang dai dién cho mot
t6 hop thong s6 duoc thir nghiém, va cac t hop

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 331, thang 8 nim 2025

nay duoc thiét ké theo ma tran truc giao L25
dé dam bao rang cac yéu t6 duoc khao sat mot
cach can bang, giam thiéu sd lugng thi nghiém
ma van thu thap duoc thong tin day du vé anh
huong cia cac yéu té dén két qua dau ra (do
bén udn).

Y nghia cua cac yéu to:

« Dong dién han (A): Anh hudng truc
tiép dén nang luong cung cap cho qué trinh
han, tir 46 tac dong dén nhiét do, 46 nong chay
ctia vat liéu, va chat luong mdi han.

« Tdc do dich chuyén dau han (F): Quyét
dinh thoi gian tuong tic giita ngudn nhiét va
vat li€u, anh hudng dén do déng déu cua 16p
vat liéu boi dap va hinh dang phoi.

« Khoang cach dau han (A): Lién quan
dén d6 6n dinh cua hd quang han va sy phan b
nhiét, c6 thé gdy ra cac khuyét tat néu khong
dugc diéu chinh phu hop.

« B& day phoi (h): Anh huong dén kha
nang chiu tai va do bén udn ctia mau thir, dong
thoi tac dong dén chién luoc in (s6 16p bodi dép,
thoi gian in).

(*) Phwong phap Taguchi va vai tro trong
nghién ciru

Phuong phap Taguchi 1a mot cong cu
théng ké manh mé¢, dugc su dung dé t6i vu hoa
cac quy trinh k¥ thuat bang cach xac dinh t6
hop thong s6 tot nhat véi sé luong thi nghiém
ti thiéu. Trong nghién ctru ndy, phuong phap
Taguchi dugc ap dung thong qua ma tran truc
giao L25, cho phép khao sat dong thoi 4 yéu
td & 5 muc gia tri ma chi can thuc hién 25 thi
nghiém thay vi 625 (5%) thi nghiém néu str dung
phuong phép toan dién (full factorial design).

Cac dic diém chinh cua phuong phap

Taguchi:
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* Ma tran tryc giao: Pam bao réng mdi
mirc ciia mot yéu té duogc két hop déu dan véi
cac muc cia cac yéu tb khac glup phén tich
doc 1ap anh huong cia timg yéu to.

« T6i wu hoa va giam nhidu: Phuong
phap Taguchi khong chi tim t6 hop thong sb tdi
rru ma con giam thiéu anh hudng cua cac yéu td
nhiu (nhu bién dong nhiét d6 maéi trudng, do
am, hodc sai léch thiét bj).

« Hiéu qua kinh té: Giam sb luong thi
nghiém, tir d6 tiét kiém thoi gian, chi phi vat
liéu, va ngu@)n luc.

Trong nghién ctru, myc tiéu chinh 1a tdi
uu hoa d6 bén udn cua cac mau thir dang tam.
Diéu nay doi hoi phan tich dit lidu tir cac thi
nghiém dé xac dinh yéu td nao (A, F, A, h) co
anh huong 16n nhat va muc gia tri ndo cla cac
yéu t6 ndy mang lai két qua t6t nhat.

Bdng 1. Bang théng s Taguchi két qua ciia qua
trinh thuc nghiém

STT A F A h
1 135 13.50 1.00 4
2 135 15.75 1.25 5
3 135 18.00 1.50 6
4 135 20.25 1.75 7
5 135 22.50 2.00 8
6 140 13.50 1.25 6
7 140 15.75 1.50 7
8 140 18.00 1.75 8
9 140 20.25 2.00 4
10 140 22.50 1.00 5
11 145 13.50 1.50 8
12 145 15.75 1.75 4
13 145 18.00 2.00 5
14 145 20.25 1.00 6
15 145 22.50 1.25 7
16 150 13.50 1.75 5
17 150 15.75 2.00 6
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18 150 18.00 1.00 7
19 150 20.25 1.25 8
20 150 22.50 1.75 4
21 155 13.50 2.00 7
22 155 15.75 1.00 8
23 155 18.00 1.25 4
24 155 20.25 1.50 5
25 155 22.50 1.75 6

(*) Phan tich dir liéu tir bang thong sb

Dua trén Bang 1, c6 thé thyc hién phan
tich so bd vé sy phan bo cac yeu to va muc gia
tri:

(*) Phin b6 cdc mirc gia tri

Mbi yéu td (A, F, A, h) xuat hién & mdi
mirc gia tri 5 1an trong 25 thi nghiém, diéu nay
pht hop véi tinh chit cAn bang ctua ma tran
L25. Vidu:

« Dong dién han (A) = 135 Ampe xuét
hién ¢ cac thi nghiém 1, 2, 3, 4, 5.

« Téc d6 dich chuyén (F) = 13.50 mm/s
xuat hién & cac thi nghiém 1, 6, 11, 16, 21.

Su phan bd nay dam bao ring anh
huong cua tirng yéu t6 dugc danh gia cong
bang, khong bi thién I¢ch badi cac yéu to khac.

(*) Xu huéng ciia cac yéu tb

Mac du bang khong cung cap két qua
d6 bén udn cy thé, ta ¢6 thé suy ra mot sé xu
huéng dua trén cac yéu tb va gia tri:

* Dong dién han (A): Cac muc cao hon
(150, 155 Ampe) c6 thé cung cip ning lugng
16n hon, dan dén mdi han chic hon, nhung
cling c6 nguy co gdy qué nhiét hodc khuyét tat
néu khong duoc kiém soat.
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« Toc d6 dich chuyén (F): Téc d6 cao
(20.25, 22.50 mm/s) c6 thé lam giam thoi gian
tuong tac nhiét, dan dén 16p boi dap mong hon
hoic khong dong déu, trong khi tbc do thap
(13.50, 15.75 mm/s) c6 thé cai thién d6 dong
déu nhung kéo dai thoi gian in.

« Khoang cach dau han (A): Khoang
cach nho (1.00, 1.25 mm) c6 thé ting do chinh
xéc cua hd quang, nhung qua nho c6 thé gay ra
hién tuong bén toe hodc chay vat li¢u. Khoang
cachlon (1.75,2.00 mm) co thé 1am giam do on
dinh cua hd quang.

« Bé day phdi (h): Phoi day hon (7, 8
mm) cé thé tang do bén udn do khdi lugng vat
liéu 16n hon, nhung yéu cau ning luong va thoi
gian in 16n hon.

(*) Phéan tich twong tac

Phuong phap Taguchi ciing cho phép
phan tich tuong tac giita cac yéu td (vi du: A
va F, hoac F va A). Tuy nhién, véi ma tran L25,
tuong tac thuong khong duoc danh gia chi tiét
trir khi co thiét ké bd sung. Trong truong hop
nay, can str dung cac cong cu théng ké (nhu
ANOVA - Analysis of Variance) dé xac dinh
yéu td nao ¢ anh huong thong ké dang ké dén
dd bén udn.

(*) Y nghia khoa hoc va rng dung thue tién

Nghién ctru nay c6 y nghia quan trong
trong linh vyc in 3D kim loai, dac biét voi cong
nghé WAAM sur dung han TIG khong day bu
vat liéu:

(+) Bong gop khoa hoc:

« T6i wu hoa quy trinh: Viéc ap dung
phuong phap Taguchi gitp xac dinh to horp
thong so toi uu, tir d6 cai thién chat luong mau
ther 46 bén udn (do bén, hinh hoc 6n dinh, it
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khuyét tat).

« Hiéu biét vé yéu t6 anh huong: Két
quéa nghién ctru s& 1am 13 vai trd cia timg yéu
tb (A, F, A, h) va mirc d anh huong cta chung
dén chét luong san pham in 3D.

« Tiét kiém tai nguyén: Sir dung ma tran
Taguchi giam dang ké s6 luong thi nghiém, phu
hop véi cac nghién curu ¢6 chi phi cao nhu in
3D kim loai.

(+) Ung dung thyc tién:

« San xuit cong nghiép: Két qua nghién
ctru ¢6 thé duge ap dung dé san xudt cac chi tiét
dang tAm trong cac nganh nhu hang khong vii
try, 6 t0, hodc nang lugng, noi yéu clu cao vé
dd bén udn.

* Giam chi phi: Cong ngh¢ WAAM
khong day bu vat liéu két hop véi thong sd toi
uu giup giam lang phi vat liéu va thoi gian san
Xudt.

« Tuy chinh san pham: Kha ning diéu
chinh thong sb theo phwong phap Taguchi cho
phép san xut cac mau thir hodc san pham tiy
chinh véi dic tinh co hoc mong mudn.

Trong nghién clru nay, phuong phap
thiét ké thi nghiém Taguchi duoc 4p dung dé
t61 wu hoa cac thong sb dau vao cua qué trinh
in 3D kim loai str dung may WAAM 3 truc véi
cong nghé han TIG khong day bu vat li¢u.

Phuong phép Taguchi 1a mét k¥ thuat
thiét ké thi nghiém do gido su Genichi Taguchi
phat trién nham tim ra t6 hop thong s t6i uu
cho mot qué trinh ky thuat, dong thoi giam
thiéu anh hudng ctia cac yéu t6 nhidu (noise) tir
moi trudng bén ngoai. Thong qua viéc sir dung
ma tran tryc giao (Orthogonal Array — OA),
phuong phap nay cho phép terc hién s6 lugng
thi nghiém t6i thiéu nhung van dam bao d9 tin

cay cao trong phan tich.
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Trong qué trinh in 3D tdm hop kim
bang may WAAM 3 truc, cic yéu to dau vao
nhu: dong dién han (A), tc d6 dich chuyén dau
han (F), khoang cach dau han véi bé mit (A),
va bé day phoi can han (t) dugc xem 1a cac yéu
t6 anh huodng truc tiép dén chat lugng bé mat,
dd bén co hoc, va hinh dang cudi cung cua vat
in.

Dé tranh viéc thir tit ca cac to hop thong
) (gay tén kém thoi gian va vat liéu), ma trdn
Taguchi dugc lya chon nham t6 chirc cac thi
nghiém c6 tinh dai dién. Mdi t6 hop théng sb
duoc dua vao ché do Auto cua may WAAM va
kiém nghiém thong qua thir nghiém uén sau khi
in xong.

Trong khuén khd nghién ctru, nhom
thuc hién da xdy dung mot ma tran thi nghi¢m
theo phwong phap Taguchi L25 (5%) nham khao
sat anh huong cua cac yéu td cong nghé dén do
bén udn ctia san pham in 3D kim loai dang tim
st dung may WAAM 3 truc — han TIG khong
day.

Muc tiéu chinh 1a xac dinh t6 hop thong
sO to1 uu gom:

- A—Dong dién han (Ampe);

-F — Tbc @6 dich chuyén dau han (mm/s
hodc mm/min);

- A—Khoang ho dau han (mm);

- h — Bé day phdi can han — nham tao
ra mau vat c6 do bén udn cao nhat, hinh hoc én
dinh, it khuyét tat.

5. KET LUAN
Pé tai “Nghién ciru ché tao cac mau thir
d6 bén udn dang tim bang phuwong phap in 3D

kim loai khong bu vat liéu” da tien hanh xay
dung quy trinh thuc nghiém dya trén cong ngh¢
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Wire Arc Additive Manufacturing (WAAM) st
dung han TIG khéng day, két hop véi phuong
phap thiét ké thi nghiém Taguchi. Thong qua
viéc trién khai 25 t6 hop thi nghiém L25 (5%)
v6i cac bién dau vao bao gdm dong dién han,
tde do dich chuyén, khoang ho dau sung han va
bé day mau, nhom nghién ctru da: Hoan thién
quy trinh in tdm thir dang phang 6n dinh. Phat
hién va xir Iy cac 18i pho bién trong qua trinh
WAAM nhu bién dang phéi, rd khi va sai 1éch
16p in. Thiét 1ap dugc nén tang dir liéu cho giai
doan do dac va phan tich co tinh. Mac du dit li¢u
tir phép thir udn ba diém (Three-Point Bending
Test) chua duoc thuc hién do diéu kién thiét bi
chua hoan tat, qué trinh thyc nghiém va thiét
ké thong sb da tuan thu dung nguyén tic tdi
uu hoa, dam bao kha nang tai 1ap va so sanh
két qua trong giai doan phan tich tiép theo. Tir
cac nghién curu tuong tu trén thé gidi, dac biét
1a cong trinh cua Cheng et al. (2023) vé tbi uu
hoa théng s6 WAAM bang Taguchi-GRA, ¢
thé du doan réng: Tbc do dich chuyén dau han
va khoang hé dau han 1a nhiing yéu té ¢6 anh
huong manh dén co tinh. Mtc dong dién vira
phai (135-145A) c6 kha nang tao ra duong han
6n dinh va it rd khi hon. Két luan, dé tai da
thanh cong trong viéc xay dung nén méng thuc
nghiém ving chac dé trién khai thir nghiém u6n
va phén tich co hoc trong giai doan tiép theo.

(*) Péng goép ciia tac gia:

- Hinh thanh y tuong va muc tiéu nghién
ctru: Tran Thai Son;

- Thuc hién nghién ctru, thu thdp dir
liéu, phan tich dir liéu, viét va chinh sta bai
bao: Lé Pinh Nguyén Huy, Phan Thanh Nhan,
Lé Thanh Tung, Nguyén Ha.

- Tac gia lién hé: Nguyén Ha.
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