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TOM TAT

Bai bdo nghién civu ting dung cong nghé Wire Arc Additive Manufacturing (WAAM) dé ché
tao khuén cho san pham nhwa 2D, nham ddanh gid kha nang tao khuén chinh xdc, tiét kiém chi phi
va thoi gian so véi phirong phdp truyén thong. Nghién ciru gom hai phan: Iy thuyét va thue nghiém.
Phan 1y thuyét phan tich co ché WAAM, vit liéu sir dung va teng dung trong nganh khuén mau. Phan
thwe nghiém ché tao khuén véi cdac thong 6 161 wu nhir dong dién han va loai day kim loai. Két qua
cho thd'y WAAM la giai phap hiéu qua, linh hoat va tiét kiém, hira hen ung dung rong rdi trong san

xudt khuén mau dé t6i wu héa quy trinh.
Tir khéa: WAAM; Khuén phun ép nhwa; Toi uwu héa; Thoi gian phun ép.
ABSTRACT

This paper explores the use of Wire Arc Additive Manufacturing (WAAM) for producing
molds used in 2D plastic product fabrication. It aims to assess WAAM'S efficiency and viability
in achieving precise molds while reducing time and costs compared to conventional techniques.
The study is divided into two sections: theoretical and experimental analysis. The theoretical
section reviews literature on WAAM, examining its operational principles, suitable materials, and
applications in mold production. In the experimental section, molds for 2D plastic products are
fabricated using WAAM, with optimized parameters like welding current and metal wire type. The
findings validate WAAM as a practical and effective approach for mold manufacturing. Olffering
cost-effective customization and streamlined production, WAAM shows significant promise for
broad adoption in the mold-making industry, particularly for enhancing efficiency and minimizing
production time.

Keywords: Ex-WAAM; Injection mold; Production process, Cycle time.
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1. TONG QUAN

Cong nghé Wire Arc Additive
Manufacturing (WAAM) dang noi 1én nhu mot
giai phép tién tién trong ché tao khudn phun ép
nhya, mot thanh phan thiét yéu trong nganh san
xuat nhya [1]. WAAM str dung hd quang dién
va day kim loai dé tao cdu triic timg 16p, mang
lai loi ich vuot troi nhu giam chi phi, rit ngin
thoi gian san xuat va tang tinh linh hoat trong
thiét ké [2]. So véi cac phuong phap gia cong
truyén thong nhu phay CNC, WAAM cho phép
ché tao khuon c6 hinh dang phuc tap voi hiéu
qué kinh té cao, dong thoi giam thiéu ling phi
vat lidu [3]. Trong bdi canh nganh cong nghiép
nhya Viét Nam dang phat trién manh mé, viéc
g dung WAAM dé ché tao tim khuén khong
chi dép tmg cac yéu cau k¥ thudt ma con ning
cao ning lyc san xuat trong nudc, giam phu
thudc vao cong nghé nhap khau [4].

Khuon phun ép nhya doi hoéi d§ chinh
xac cao, do bén co hoc tét va kha nang chiu
nhiét dé dam bao chat luong san phém nhua
[5]. Cac yéu t6 nhu thong s6 cong nghé (dong
dién han, tbc do nap dy, goc nghiéng) va tinh
chat vat liéu (d6 co rat, do cing) anh hudng
tryc tiép dén hiéu suét va chat luong ctia khudn
[6]. WAAM cho phép kiém soat chinh xac céac
thong sd ndy, tao ra cac tam khudn chit luong
cao, phu hop véi cac san pham nhua 2D va
3D [7]. Tuy nhién, qua trinh WAAM d6i mat
v6i cac thach thic nhu tng suat du do nhiét,
bién dang vat liéu va do hoan thién bé mat
chua twong dwong vai cac phuong phap truyén
thdng, doi hoi nghién ciru sau hon dé t6i uu hoa
quy trinh [8].

Nghién ctru nay tap trung phat trién va
t6i wu hoa quy trinh ché tao tim khudn bang
WAAM, véi muyc tiéu xac dinh cac thong sd
k¥ thuat tdi uvu nhu cudng do dong dién, toc do

nap day kim loai va loai vat li¢u day [9]. Mot
trong nhitng muc ti€éu quan trong la so sanh
chi phi san xuat khuon bang WAAM véi cac
phuong phap truyén thong dé danh gia tinh kha
thi kinh té, dic biét trong diéu kién san xuét
tai Viét Nam, noi cac doanh nghiép thuong dbi
mit voi han ché vé ngudn von [10]. Ngoai ra,
nghién curu phan tich céc dac tinh co hoc cua
khuén WAAM, bao gém do bén, do cung, kha
nang chiu nhiét va do chinh xac hinh hoc, nham
so sanh véi cac khuon ché tao bang gia cong
co khi truyén théng [11]. Nhitng phan tich nay
cung cap co s& dé danh gid vu thé ky thuat caa
WAAM va kha ning tng dung thuc tién trong
nganh cong nghiép nhua, dic biét ddi voi cac
san pham nhya 2D [12].

Vé phuong phap, nghién ctru két hop
md phong s6 va thir nghiém thyc nghiém. Cac
phan mém nhu ANSYS duoc st dung dé du
doan g suat va bién dang trong qua trinh tao
hinh theo 16p, tir d6 t&i wu hoa thiét ké khudn va
quy trinh ché tao. Céc thi nghiém thuc nghiém
tap trung vao viéc ché tao cac tim khudn mau
bang WAAM, sir dung cac loai day kim loai
nhu thép khong gi hodc hop kim nhom, va danh
gia chat lugng san pham thong qua cac phép
do co hoc va kiém tra khong pha huy. Két qua
nghién ctru cung cip céac tiéu chuan quy trinh
dé dam bao chat lugng va dg tin cay cua khudn
WAAM, dong thoi dé xuét cac cai tién nham
nang cao hiéu sudt va mé rong pham vi ung
dung ctuia cong nghé nay.

Vé mat kinh té, WAAM c¢6 tiém niang
giam chi phi thiét bi va vat liéu so véi cac
phuong phap truyén thong, giup cac doanh
nghiép Viét Nam tiép can cong nghé tién tién
v6i1 chi phi hgp ly. Cong ngh¢ nay cling cho
phép san xuat khuén theo yéu cau.
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2.CO SO LY THUYET

Wire Arc Additive Manufacturing
(WAAM) Ia cong ngh¢ in 3D kim loai str dung
day kim loai va hd quang dién dé dap 16p, tao
ra cac chi tiét 16n véi tbc do cao va da dang
vat liéu nhu thép khong gi, nhom, titan. Quy
trinh WAAM, diéu khién biang CAD/CAM,
lam néng chay day kim loai, dip tung 16p dé
tao hinh chinh xac. béi voi khudn nhya, thép
khong gi va nhém duoc wu tién nhd do bén va
kha ning dan nhiét.

WAAM vuot tri voi chi phi thap, giam
lang phi vat liéu, va khong can khuon dic dat
d6 nhu phuong phap truyén théng. Cong nghé
nay cho phép san xuét nhanh, tao chi tiét 16n,
phuc tap ma cac phuong phap nhu SLM kho
thuc hién. WAAM linh hoat trong thiét ké, dé
dang chinh sira qua mo hinh CAD, dong thoi
dam bao d bén va tinh chat co hoc tdi wu thong
qua diéu chinh thong s6 nhu dong dién va tdc
do day.

Trong ché tao khuon nhyua 2D, WAAM
giam chi phi va thoi gian san xuat, hd tro tiy
chinh thiét ké linh hoat, tao khuén phuc tap véi
d6 bén, chiu nhiét cao. Céng nghé nay giam
thiéu lang phi vat lidu, cho phép tai s dung
va stra chita khuon, hira hen ing dung rong rai
trong nganh nhua.

3. PHUONG PHAP NGHIEN CUU

Creo Parametric, phat trién boi PTC, la
phén mém CAD/CAM/CAE manh mé, hd tro
thiét ké, mo phong va san xudt co khi. Phan
mém niy cho phép mé phong chinh xéc, tdi uu
hoa thiét ké va san xudt khudn ép nhwa, dam
bao hiéu qua va do tin cay. Két qua mo phong
gitip diéu chinh cac théng sb, nang cao chat
lwong quy trinh san xudt.

Trong thiét ké san pham nhwa 2D, Creo
Parametric md phong hinh dang san pham, hd
trg phan tich va tdi wu héa. Sau khi tach khuon,
phan mém tao ra tAm cavity va tim core. Thay
vi gitt nguyén khdi, cac tim nay duoc cit thanh
nhiéu 16p (layer), hinh thanh cac 1ong khuén
tir cac ting mong. Quy trinh ndy ting tinh linh
hoat, giam chi phi va thoi gian san xuét so voi
phuong phap truyén thong.

Hinh 1. Hinh dang san pham
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Hinh 2. Tam khuén ciia khuén phun ép san pham
nhya dang 2D

Hinh anh minh hoa tir Creo Parametric
cho thdy san phdm nhwa 2D va cac tim cavity,
core sau khi phan 16p, thé hién rd kha ning
mo phong chi tiét va chinh xac clia phan mém.
Creo Parametric khong chi hd trg thiét ké ma
con cai thién hiéu suét ché tao khuon, phu hop
vé6i cac yéu cau phire tap trong nganh san xudt
nhua.
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Bdng 1. Chi s6 cap bén Thép C45

« D¢ bén dito, | Dy bén dits | DO bén din
, y PPN A 4 b . c * r 0 cu
Miac thép Tiéu chuan (Mpa) (Mpa) twong d6i 6 (%) Do cirng HRC
C45 TCVN 1766-75 610 360 16 23
Bang 2. Thanh phan héa hoc ciia Thép C45
[ fo_ : (0 sa_ 0 . . 0
Mac thep | € (Vo) min- | Si(oymin- | Mn (%) - p o/ 5 q0 | s (%) thida| 57
max max min-max min-max
C45 0,42-0,50 0,15-0,35 0,50-0,80 0,025 0,025 0,20-0,40
Bdng 3. Ddc tinh co hoc cua Thép C45
Yield , El Bend Do day danh
Mic A ¢ S,lrc O"" | pg cimg | Nhiét enca- nghia, t
thé Diéu kién | Strength | cang | gation I‘_IRC d(‘). kha 1 95mm<t<10.0mm
P (Mpa) | (Mpa) | A5 (%) - ning ==
Cén Nung
Can 460 750 18 58 820 Ban
Nung 330 540 30 55 860 kinh
C4s5 Nuge 970 ubn | 2,0xt | 1,0xt
ngap nuoc cong
Déu ngap 1980 (=90°)
4. KET QUA THUC NGHIEM phap ché tao khudn truyén thong von doi hoi

Trong nhitng nim gan ddy, cong nghé
san xudt phu gia bang hd quang diy (Wire
Arc Additive Manufacturing - WAAM) da dan
khang dinh vi tri quan trong trong linh vuc ché
tao cac chi tiét kim loai kich thudc 16n va phirc
tap. Mot trong nhitng Gng dung ndi bat 1a gia
cong khudn ép nhwra thong qua han déap cac 16p
vat liéu kim loai. Hinh 3 minh hoa chi tiét cac
mdi han sau khi tién hanh han dap timg 16p kim
loai d€ hinh thanh cau triic tim khu6n.

Két qua ché tao bang phuong phap
WAAM cho thy hiéu qua 13 rét trong viéc tao
hinh céc tdm kim loai dung lam phan cavity
va core ctia khuon (Hinh 4). Nhiing tim nay la
thanh phan chinh c4u thanh long khuon va 15i
khudn trong khudn ép nhya. So voi cac phuong

gia cong co khi ton kém thoi gian va chi phi,
phuong phap han dip 16p bing WAAM gitp
rat ngan dang ké chu trinh san xuat va tiét kiém
nguyén vat li¢u. Thay vi phai phay tién nguyén
khéi, k¥ thuat WAAM cho phép xay dung long
khuon bang cach dip timg 16p vat liéu kim loai
theo hinh dang mong mudn, tao ra ciu triic
rong bén trong dé cai thién kha ning lam mat
va giam khéi luong.

Hinh 3. M6i han sau khi han dép cdc tam

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

TAP CHI CO KHI VIET NAM, S6 329, thang 6 nim 2025

331

cokhivietnam.vn / tapchicokhi.com.vn

&



NGHIEN CUU - TRAO DOI

Mot trong nhiing loi ich quan trong ma
WAAM mang lai chinh 1a kha nang t6i uu héa
qua trinh ché tao khuon. Céc dic diém nhu thoi
gian san xudt ngan hon, chi phi vét liéu thap
hon, va kha nang tao hinh cac két cdu rdng cho
phép céi thién hi€u qua lam mat trong khuon,
tir 46 tang téc do chu trinh ép nhya va kéo dai
tudi tho khuon. Pong thoi, cong nghé nay hd
tro linh hoat trong viéc tao cac hinh hoc phtrc
tap, gitip thiét ké khuon co cau trac toi wu phu
hop voi yéu cau cua timg san pham cu thé.

Tuy nhién, qué trinh 4p dung WAAM
vao ché tao khuon khong phai khong c6 nhiing
thach thirc. Mot trong cac van dé ky thuat
thuong gap la do kin khong hoan hao cua céac
16p han dip. Quan sat thuc té cho thdy mot sb
khe ho nho gitta cac 16p kim loai chua duoc
han kin hoan toan, dan dén hién tuong ro ri
nudce trong qua trinh 1am mat khuén. Diéu nay
anh hudng tryuc tiép dén hiéu suét hoat dong
cua khuon trong qua trinh ép nhya, dic biét 1a
khi can str dung 4p suit cao va tudn hoan nudc
lam mat. Nhiing 16i nhu vay yéu cau phai xir Iy
bé mat hodc thuc hién gia cong bod sung dé dam
bao d6 kin va do bén can thiét cho khudn van
hanh 6n dinh.

Hinh 5 trinh bay b khudn hoan chinh
sau khi thyc hién cac budc han dap va gia cong
b6 sung. Cac chi tiét da duoc lap rap chinh xéc,
san sang cho qua trinh thir nghiém. Két qua tir
viéc thir ép nhyua béng bd khudn nay dugc minh
hoa trong Hinh 6, véi san pham nhya dang 2D
duoc tao hinh rd rang, ding voi thiét ké ban dau.
Diéu ndy ching minh rang cong nghé WAAM
hoan toan c6 kha ning dap tmg céc tiéu chuin
vé& d6 chinh xac hinh hoc va do bén trong ché
tao khudn cho céc san phim nhwa céng nghiép.

Hinh 4. Hinh anh tam cavity va tam core sau khi
han dap

Tir gbe do kinh té, cong nghé WAAM
chung t6 uu thé vuot troi. Chi phi san xuét
khuon giam dang ké nho tan dung nguyén liéu
day han san c6 va loai bo cac cong doan phay
tién niang né. Toc d6 han dap 16p cao giup rut
ngan thoi gian ché tao khuon, nang cao ning
sut, ddng thoi giam thiéu lugng phé liéu phat
sinh trong quéa trinh san xuat. Nho vy, cic
doanh nghiép c6 thé rat ngin chu ky dwa san
pham ra thi truong, ting tinh canh tranh va
giam chi phi dau tu ban dau.

Vé mat k¥ thuat, khuén dugc ché tao
bang WAAM c6 kha ning dap tng tt cac yéu
cau vé co tinh nhu do bén kéo, do cing va kha
nang chiu lyc. Tuy nhién, chét luong bé mit cua
cac chi tiét han ddp thuong chwa dat d6 bong
can thiét, dic biét 1a tai cac vung tiép xuc truc
tiép v6i san pham nhya. Do do, cac cong doan
hoan thién bé mit nhu mai, phay hodc danh
bong van 1a bat budc sau khi han dip, nham
dam bao d6 nhén va chinh xac cho bé mit lam
viéc cua khuon.

Hinh 5. Hinh anh bo khuon hoan chinh
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Mot diém manh khac cia WAAM 1a kha
ning tly bién linh hoat trong thiét ké khuén.
Bang cach sir dung phan mém mé phong CAD/
CAM két hop v6i diéu khién CNC, céc ky su
c6 thé thiét ké khuon theo yéu cau dic biét ma
khong bi gidi han boi hinh dang khdi nguyén
vat lieu. Két cau rong bén trong hoic kénh
lam mat tich hop c6 thé dugc tich hop ngay tir
budre thiét ké, thay vi phai khoan hodc gia cong
phtc tap nhu phuong phép truyén thong. Piéu
nay khong chi cai thién hiéu suat lam viéc cia
khudn ma con giam chi phi bao tri va thay thé.

Tuy nhién, nhugc diém cd hiru cua
WAAM van ton tai, dién hinh 1a sy xuét hién
ctia cac khuyét tat nhu rd khi hodc 16 hong nho
trong mdi han. Nhitng khiém khuyét nay khong
chi anh hudng dén d6 kin ma con tiém an nguy
co nat v& khi khuon lam viée dudi diéu kién
ap suét cao hodc nhiét d6 dao dong manh. Do
d6, can c6 nhimng cai tién k¥ thuat trong qua
trinh han, chang han nhu t6i uu thong sd dong
dién, toc do di chuyén, goc nghiéng cua dau
han, hoic st dung khi bao vé hiéu qua hon dé
han ché qua trinh oxy hoa va bot khi trong modi
han.

Ngoai ra, viéc tich hop cac k¥ thuat
kiém tra khong pha huay (NDT) nhu siéu am,
chup X-quang hoic kiém tra dong xody c6 thé
gitip phat hién sém cac khuyét tat trong moi
han dé tir d6 diéu chinh quy trinh san xuit phu
hop. Su két hop gitta WAAM va cong nghé
kiém tra hién dai sé tao nén tang viing chic cho
viéc trng dung cong nghé nady trong moi truong
san xudt cong nghiép doi hoi do chinh xac va
do tin cdy cao.

Hinh 6. San pham nhiea dang 2D sau khi ép thir
5. KET LUAN

Nghién ctru img dung cong nghé Wire
Arc Additive Manufacturing (WAAM) trong
ché tao khu6n phun ép nhya 2D d3 mang lai
nhirng két qua dang ghi nhan, khang dinh tiém
nang cua phuong phép nay trong nganh sin
xuét. Cac két luan chinh duoc 1iét ké nhu sau:

« Hiéu qua kinh té: WAAM giam déng
ké chi phi san xuat va thoi gian ché tao khudn
so v&i phuong phap truyén thong, ting tinh
canh tranh cho doanh nghiép.

* Chét luong khuon: Khuon WAAM dat
yéu cau vé do bén va do ctng, pht hop cho san
xuét san pham nhya 2D, nhung can cai thién do
chinh x4c va chat luong bé mit.

* Tinh linh hoat: WAAM cho phép tao
khuon véi hinh dang phuc tap, hd tro tity chinh
thiét ké nhanh chong thong qua mé hinh CAD,
giam thoi gian diéu chinh.

« Han ché ky thuat: Cac mbi han dip
layer dé bi rd khi, giy 1o ri nudc qua khe hé,
doi hoi gia cong bd sung va cai tien ky thuat
han.
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« Tiém ning phat trién: WAAM 1a giai
phap tién tién, hira hen mo rong tmg dung trong
san xuit khuon va chi tiét kim loai, can thém
nghién ctru dé tdi uu hoa quy trinh.

Nghién ctru nay dit nén tang cho viée
mg dung WAAM, khuyén nghi dau tu vao cai
tién cong nghé dé nang cao do chinh xac va
chat luong san pham.

(*) Péng gop ciia tac gia:

- Hinh thanh y tuong va muc ti€u nghién
ctru: Nguyén Trong Hicu;

- Thyc hién nghién ctru, thu thdp du
liéu, phan tich dir liéu, viét va chinh sta bai
béo: Nguyén Thuy Diém Quyén, Tran Thanh
Thuoéng, Vii Quang Huy, D6 Vin Dai.
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