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BREAKTHROUGH IN 3D SLA PRINTING TECHNOLOGY IN THE INJECTION
MOLDING PROCESS
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TOM TAT

Ngay nay, nguoi tiéu ding c¢é nhu cau sir dung cdc san pham nhira rat phong phii va da
dang. Vi vdy, san leong sdn xudt cdc san pham nhia ngay cang giam va thay doi mau ma lién tuc.
Piéu nay dan dén gid thanh san pham sé tang theo vi qud trinh san xudt can phdi thay doi khuén ép
phun. Hién nay, véi sy bung né ciia céng nghé in 3D SLA, ddc biét la sw phat trién ciia vt liéu in
3D da dwoc g dung trong nhiéu linh viee khdc nhau. Chinh vi vay trong nghzen curu nay da ng
dung cong nghé in 3D SLA voi vat liéu chuyén dung Rigid 10K nham ché tao tam long khuon dé
tao hinh cho san pham nhya c6 san heong nhé hodc vong doi ngdn. Muc dich cia nghién ciru nay
nham ndng cao chat heong ngoai quan san pham va chat leong san pham ép phun. Bén canh do,
nghién ciru nay ciing danh gia kha nang lam viéc cua tam long khuén dwoc in 3D SLA sau 50 chu
ky ép. Két qua cho thdy rang, kha ning dap iing viéc ché tao khudn rat dang ké, bé mat ngoai quan
san pham ép 1a nhiwe khuén kim loai truyén théng. Tuy nhién, chu ky ép mét san pham dai hon va do
bén kéo doi véi san pham nhwa giam so véi san pham dwege ép bang khudn truyén thong. Bén canh
a6, nghién civu nay lam 16 ra nhitng han ché nhw vin dé béi tron bé mdt khudn va giai nhiét khuén
can dwoc xem xét tiép theo.

Twr khoéa: In 3D khuon ép nhua; In 3D SLA; Khuon ép phun; San lwong ép phun nho; PA6;
EVA.

ABSTRACT

Today, consumers have a growing demand for a wide variety of plastic products. Consequently,
the production volume of plastic items is decreasing, and the designs are constantly changing. This
leads to increased production costs as the injection molding process necessitates mold changes.
With the recent explosion of SLA 3D printing technology, especially the development of 3D printing
materials applied across various fields, this study seeks to employ SLA 3D printing technology using
specialized Rigid 10K material for creating mold inserts for low-volume or short-lifecycle plastic
products. The objective of this research is to enhance the visualization and quality of injection-
molded products. Additionally, this study evaluates the working capabilities of SLA 3D printed
mold inserts after 50 molding cycles. The results demonstrate a significant ability to create a mold
insert in a short time, the visual quality of products is similar to traditional metal molds. However,
the molding cycle for each product is longer, and the tensile strength of the plastic products is
reduced compared to those molded using traditional molds. Furthermore, this research highlights

limitations such as surface lubrication and mold cooling issues that require further consideration.
Keywords: 3D SLA printing; Mold Insert; Low-volume,; PA6; EVA,; Polymer blended.
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1. PAT VAN PE

Hién nay, ép phun a2 mét trong céc
phuong phap phé bién duoc dung dé san xuat
cac san pham nhwra ngdy cang da dang vé chiing
loai, sb lugng 16n va nang sut cao. Vi thé, viéc
thiét ké va ché tao khuon ép phun ngay nay da
duoc tiéu chuin hoa véi vo khuon véi do chinh
xac cao, viéc con lai la phu thudc vao qua trinh
thiét ké va ché tao tdm long khuodn (tm tao
hinh cho san pham). Déi véi trudc day, long
khuon duoc 1am bang kim loai va ché tao bang
cac phuong phép gia cong cit got. Didu nay
dan dén chi phi dau tu cho mot bo khuodn 1a rit
16n va mat nhiéu thoi gian nén chi pht hop cho
dang san xuat hang loat 16n trg 1én. Con ddi
v6i cac dang san xuat hang loat vira tré xudng
thi tinh kinh té s& khong duoc dam bao néu st
dung phuong phap ép phun dé ché tao.

Ngay nay, in 3D dang phat trién véi tc
dd nhanh chong vé cong nghé va vat li¢u nham
hd tro t6i uru cho cac phuwong phép truyén thong
1a diéu hét strc can thiét [1]. Cung v6i xu huéng
nay, viéc ung dung cong nghé in 3D vao vi¢c
ché tao long khudn ép phun ngdy cang thu hat
duoc su quan tdm cua céc nha san Xuét may in
va gidi khoa hoc vi giai phap nay giai quyét
duoc van dé tiét kiém vat liéu va thoi gian khi
ché tao khuon cho cac loat san phém c6 thé tich
nho va sb lugng khong dang ké, dic biét 1a cac
san pham trong giai doan ép thir. Trong nghién
ctru ciia Novus Applications tao hang trim nip
ren voi khuon in 3D sir dung vat li¢u Rigid
10K. Ho d4 tién hanh khoang mot tram chu ky
ép phun, san pham c6 tinh 6n dinh tt khi do
sai léch trung binh kich thudc duong kinh 1a +
0,04 mm. Ho d tiét kiém rat nhiéu thoi gian va
don gian hoa quy trinh phtrc tap trudc day va
ude tinh rang viéc in 3D khuon c6 gia thip hon
mot ntra so véi viée gia cong nhu trude day [2].
Cung voi d6, Holimaker da tién hanh ép phun

trén khuén in 3D nhya Grey Pro [3] véi 100 1an
phun dbi véi vat liéu PA & muc nhiét do 270°C
va 100 lan phun ddi voi PP, TPE, hoac POM ¢
nhiét do thap hon. Holimaker ciing d thiét ké
mot hé théng lam mat tich hop trong khudn dé
gitip giam chu ky 1iy san pham. Ho da san xuat
khuon trong mot tudn va chi phi giam 4-5 1an so
v6i khuon kim loai [2]. Braskem ché tao hang
nghin day deo khau trang trong mot tudn véi
khuon in 3D stir dung nhuya High Temp Resin
[4]. Ho dung vat liéu bdi tron dé thuan tién cho
viéc tach san pham, phun sau mdi 50 dén 60
lan phun, tong thoi gian chu ky trung binh 13
30 gidy, bao gdm ca viéc 1am mat va tach thu
cong. Dbi v6i nghién ctru ndy, Braskem d di tir
¥ twong dén san xuat trong vong mot tuan, tiét
ki€ém dugc 90-94% thoi gian va 80-97% chi phi
so v6i cac giai phap thay thé [2]. Stratasys ciing
da str dung khuon ép in 3D dé san xut va thir
nghiém cac bd phan boc kin nudc cho cac linh
kién dién tur st dung vat liéu nhya ABS [2].

Tir nhitng nghién ctru ndy cho thay viéc
ché tao khuon bang cong nghé in 3D hién nay
dang 1a xu thé méi trong viéc san xuét cac san
pham nhwa c6 khéi luong nho & dang san xuét
vira va nho hodc 1a cac san pham thir nghiém
ban dau trude khi san xuat hang loat. Tuy nhién,
vat liéu in trong cong nghé in 3D SLA hi¢n con
nhiéu han ché va tudi tho khuén in 3D cling
can duoc nghién ciru nhiéu hon nira dé danh gia
kha nang Urng dung cua ching trong nganh san
xudt san pham nhua. Vi thé, trong nghién ctru
nay sé& tap trung vao viéc thiét ké, mo phong va
ché tao 1ong khuén in 3D két hop véi vo khudn
kim loai dé tao ra cac mau thtr kéo, sau do so
sanh d6 bén kéo ctia mau dugc ép bang khudn
in 3D v&i cac mau duge ép bang khudn truyén
théng. Ngoai ra, két qua ctia nghién ctru nay
cling cho thiy mot s6 van dé can luu ¥ khi ché
tao 10ng khudn bang cong nghé in 3D SLA.
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2.VATLIEU VA PHUONG PHAPNGHIEN
cUu

2.1. Phwong phap ép phun
2.1.1. Ep phun nhwa

La quy trinh ché tao san phim nhya ma
trong d6 hat nhya dugc dinh lugng va hoa déo
bang hé thong cap liéu trudc khi bom véi ap
luc cao vao bén trong 1ong khuon da dugc dong
kin. Sau qua trinh ngudi so b thi khuén sé mo
ra, san phérn s€ dugc hinh thanh va cung lic
nay hé théng ty day sé& day san pham ra khoi
khuon. Chu ky nay s€ duoc lap di 1ap lai trong
sudt qué trinh san xuat san pham (Hinh 1).

Hinh 2. Khuon ép.
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2.1.2. Long khuon ép nhwa dwoc in 3D SLA

Khac véi khuon truyén thong, long
khuodn tao hinh san phém duoc lam tu vat liéu
kim loai va dugc gia cong cit got va gia cong
CNC thi diém ndi bat ciia nghién ctru nay la
long khuén duoc ché tao béng nhua chiu nhiét
chuyén dung Rigid 10K trong cong nghé in 3D
SLA do hing Formlabs nghién ciru phat trién.
T4am 10ng khudn trong nghién ctru nay 1 khuén
family dé tao hinh cho hai mau kiém nghiém do
bén kéo va udn voi muc dich so sanh két qua
véi hai mau twong ty dugc ép phun béi khudn
kim loai truyén thong (Hinh 2). Kich thudc tim
1ong khuon dugc thiét ké dé c6 thé in trén may
in 3D SLA Form 2 cta hang Formlab (Hinh 3).

2.1.3. Vit li¢u va thong sé ép

Vit lidu dugce st dung dé thir khudn
trong thi nghiém nay 1a hdn hop nhya gom 70%
PA6 + 30% EVA theo khi lugng [6]. Véi vat
liéu PA6 hay con duge goi l1a “nylon”, ndi bat
v6i do cung cao, do bén tét, kha nang chéng an
mon tot, chiu nhiét do thép, dé gia cong, do tron
bong cao, khong doc, dé pha mau nhung tinh
chiu axit kém, khong thé nhuém mau véi chat
nhudm c¢ tinh axit. Trong khi nhua EVA co
kha nang chiu luc cao va khong doc hai nhung
kha nang chiu lyc cao va khong doc hai. Vi thé,
trong nghién ctru nay da tron hai loai nhua nay
lai v&i nhau dé giam nhi¢t d§ nhya vao khuon
va cai thién co tinh san pham ép.

N

Hinh 3. Tam long khudn family
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Hon hgp nhya PA6 va EVA duge cho
vao trong bon may theo % khdi lugng, khuay
va tron lién tyuc, sau d6 s& dugc mang di sdy
kho trong 8 tiéng trude khi ép trén may Haitan
Mars 1200 III v6i cac thong sé ép duoc néu &
Bang 1.

Bdng 1. Théng s6 ép phun

Ap suét phun (bar) 50
Nhiét do phun (°C) 230
Téc d6 phun (%) 60
Thoi gian phun (s) 2.8
Thoi gian 1am ngudi (s) 40

2.2. Vit liéu va quy trinh in 3D tAm long khudn
2.2.1. Vit liéu in 3D SLA

Nhua in dugc st dung trong nghién ctru
nay 1a nhya Rigid 10K c6 d6 climg cao nhat ma
Formlabs nghién ctru va phat trién. Rigid 10K
thich hgp cho cac by phan cong nghiép chinh
xé4c can chiu duoc tai trong dang ké ma khong
bi udn cong. Nhya Rigid 10K c6 bé mit mo
min va c6 kha ning chiu nhiét va hoa chét cao
[5]. Nhya Rigid 10K thuong dugc ung dung
vao viéc ché tao khudn ép va long khuon tudi
tho ngén hodc cac bd phan, dd ga va dd dac
chiu nhiét va tiép xtc véi chat long.

Bdng 2. Mét s6 tinh chat ciia nhywa Rigid 10K

Green UV Post-cured UV + Thermal
Tinh chit bén kéo
Do bén kéo (MPa) 55 65 53
Modul kéo (GPa) 7.5 10 7.5
Do dan dai gioi han (%) 2 2 2
Thudc tinh udn
Do bén ubén (MPa) 84 126 103
Moédun udn (GPa) 6 9 10
Thudc tinh tac dong
Do bén va dap 10ZD (J/m) \ 16 16 18
Tinh chit nhiét
Nhiét do 1éch nhiét 1.8 MPa (°C) 56 82 110
Nhiét d6 1éch nhiét 0.45 MPa (°C) 65 163 218
Su gidn nd nhiét 0 + 150°C (um/m/°C) 48 47 46

2.2.2. Phan tich mdu ép

Dua vao két qua phan tich trén phan
mém Modex 3D (Hinh 4), gia tri ap suat tap
trung 16n nhat & phan miéng cudng phun, sau d6
giam dan dén hé thdng kénh dan va cubi cung
dén san pham. Qua trinh dién day: 4p suit luc
dau ting twong ddi nhanh dén thoi diém 0.222s

dat gia tri 14.785 MPa, sau do ap suat ting dén
cuc dai tai thoi diém 2.782s voi ap suat 32.756
MPa r6i tiép tuc giam xudng khoang 28.052
MPa trong khoang thoi gian con lai cua qua
trinh dién day. Qua trinh giit ap: ap suit giam
tir cudi qué trinh dién day tiép tuc giam nhanh
tai thoi diém 6.545 s véi gia tri 15.847 MPa,
sau d6 giam dan vé gia trj 10.245 MPa tai thoi
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diém 8,858 s. Cudi cung ap sudt giam vé gia
trj 0 va két thiic mot chu ky ép phun. Dya vao
két qua mo phong, ta thdy ap suat suit 16n nhat
trong qua trinh ép khoang 32.8 MPa va chu ky
¢ép 1a khoang 9s.

5
e o 6,600

Hinh 4. Két qua phan tich dp sudt mau ép.

Nhin chung gia tri 4p suat khoang tir
12.2 MPa dén 15.8 MPa phan b ¢ hé thong
kénh dan, ciing 14 khoang gia tri 16n nhat tac
dong 1én tim long khuon. Tir do, ta s& liy gia
tri 16 MPa dé phan tich do bén cho long khuén.

Hinh 5. Két qua phan tich ré khi va dwong han.

Dua vao két qua mo phong ¢ Hinh 5, ta
c6 thé thiy cac rd khi xuat hién & cac goc nhon
clia san pham. Vi vay trong viéc thiét ké tam
1ong khuon can dugc bd tri rinh thoat khi. Bén
canh dé, khi phén tich dudng han cho thiy san
pham khong xuét hién duong han do khong c6
su dbi dau cua hai dong chay. Vi vdy, cin xem
xét dén ap lyc va nhiét 6 cia dong chay phu
hop dé ting d6 bén khuon.

2.2.3. Phan tich tim long khuon

Qua két qua phén tich Ung suét trén
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phan mém Ansys (Hinh 6) cho thiy mg suét
phan bd déu trén bé mat 10ng khudn va c6 nho
hon tmg suat & kénh dan. Gia tri ing suét cao
nhat 50.482 MPa 14 tai vi tri cong vao nhya va
thip hon d6 bén ubn va do bén kéo cia Rigid
10K (Bang 2) sau xir Iy UV lan luot 14 126 MPa
va 65 MPa, qua do théa man diéu kién bén cua
vat liéu.

Hinh 7. Két qua phan tich bién dang tam long khuén.

Bén canh d6, voi két qua mo phong
bién dang tam long khudn cho thiy ving bién
dang 16n nhat c6 gia tri 0.0127 mm tai hai khu
vuc chtra nhiéu nhua ciia mau kéo va cac canh
ctia mau do bén ubn (Hinh 7). Tuy rang hai vi
tri nay khong gay anh huong 16n dén két qua
kiém nghiém nhung can phai luu y vé kha ning
hinh thanh ba-via khi sb luot ép ngay cang ting

1én vé sau.



NGHIEN CUU - TRAO DOI

2.2.4. Quy trinh in 3D SLA tim long khuén

{lNHRL’J’AHSﬁIY\‘U’

Bude 1: Nham thiét 1ap cac thong sb
in dat 6 cting cao nhit cho chi tiét, mdi 16p
in 12 0.05mm (d6 day mdi 16p in nhé nhét cho
vat liéu Rigid 10K). P nghiéng cta tim long
khuon so véi ban in 1a 45 dd voi hé théng do
nhu hinh 3 [7].

Budc 2: Sau khi in xong, ban in s€ dugc
thdo ra khoi may in 3D SLA va dugc ga dat vao
may Form Wash dé 1am sach nhya bang dung
modi [PA trong 20 phut (thoi gian nay dugc
khuyén cdo boi Formlabs cho nhwa Rigid 10K).

Budc 3: Sdy UV. Sau khi qué trinh rira
mau in hoan tat, mau duoc lay ra khoi ban in
truée khi dén cong doan siy tia UV dé ting do
ctng cho long khuén in 3D. Sdy & muc nhiét 60
do va trong 60 phut [5].

Budc 4: U nhiét bé sung. U nhiét bd
sung dé giam kha nang bién dang nhiét cho chi
tiét dugc in voi nhiét d6 90°C trong thoi gian
125 phut [5].

3. KET QUA VA THAO LUAN
3.1. Két qua miu sau khi ép
3.1.1. Ngogi quan

Sau 50 chu ky ép, két qua thu duoc miu
30%EVA + PA6 dugc ép bang khuén in 3D ¢
ngoai quan turong trr véi mau duoc ép bdi khuon
kim loai [6]. Tuy nhién, quan sat Hinh 8 thiy
c¢6 ba-via xuat hién xung quanh cac mau ép do
khuon chua kin trong qué trinh phun. Nguyén
nhan cua 18i nay c6 thé 1a do qué trinh xur 1y hé
théng d& chi tiét in chua phang hodc hdc ding

dé lip ghép trén vo khudn gia cong chwa phang.

HTHEL

by

Hinh 8. San pham sau khi ép

3.1.2. Pj bén kéo

Do thi bién dang cua cac mau chiu kéo
do duogc trong qua trinh thi nghiém thu duogc
c6 hinh dang cua mdt biéu dd nhya déo thong
thuong (Hinh 9), mau bi kéo dut nim trong
khoang dut cho phép vdi do gian dai trung binh
ctia mau chiu kéo 1a 105.10 mm, nhé hon 15.72
mm cua mau duge ép bang khudn kim loai. Ly
do kha ning chiu kéo ciia mau dugc ép bang
khuon in 3D 14 do tdc d6 giai nhiét ctia khudn
nhya chdm hon khuoén kim loai. Vi vay, thoi
gian lam ngugi s€ dai hon va do la nguyén nhan
dan dén d6 bén kéo ctia mau trong nghién ctru
nay nhé hon mau truyén thdng [8]. Pay nhuoc
diém 16n can phai dugc nghién ctru khic phuc
khi str dung tim 1ong khuén bang nhya in 3D.

Biéu d6 so sanh cac duong cong ung
sudt — bién dang (Hinh 10) dua ra két qua do
dugc thap hon khi so sanh voi san pham tir
khudn truyén théng véi hai thong s 1an lugt 1a:
g suét tai diém dat 12 33.79 MPa so v6i 49.03
MPa va tng suit diém chay 1a 22.01 MPa so
v6i 26.5 MPa. Diéu nay tiép tuc cho thiy thoi
gian nguoi cia khuon in 3D s€ anh hudng dang
ké dén co tinh san pham nhya noi chung va do
bén kéo néi riéng, vi thé can tiép tuc nghién
ctru dé khic phuc van dé nay.
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Hinh 9. Két qua dé bién dang ciia cdc mau ép.
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Hinh 10. Biéu do so sanh dwong cong g sudt —
bién dang gitta hai loai khuon.

4. KET LUAN

Ung dung in 3D vao khudn ép phun dé
ché tao long khuon cho viéc san xuét cho cac
san phém nhya c6 san lugng hodc san xuét thir
nghiém trudc khi dua vao san xuit hang loat 14
diéu can thiét. Va trong nghién ctru ciing cho
thiy rang:

- Viée thiét ké va ché tao khuon ¢p nhya
két hop gitta vo khudn kim loai va tim 1ong khudn
in 3D cho loat san xuét nho s& tiét kiém vat licu,
thoi gian va su chi dong trong viée san xuat.

- Long khuon duoc in tir nhya Rigid
10K c6 kha niang dap Gmg dugc cac diéu kién
ép phun san pham nhua c6 san lugng nho.

- Sau 50 luot san phém duoc ép, do bén
long khudn van duoc dam bao. Bén canh d6 co

thé thay doi thong s6, quy trinh in va xir Iy sau in
d¢ cai thién thém co tinh ctia khudn in 3D SLA.

- Chét luong ngoai quan san pham ép
tuong ddng véi san pham duoc ép bang khuon
kim loai.

- Tuy nhién, cac chi s6 vé do bén kéo
nhoé hon nhiéu so v6i khuon truyén théng do
thoi gian ngudi trong khudn con qua 16n. Can
xem xét dé cai thién van dé nay ¢ cac nghién
ctru tiép theo.
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