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TOM TAT

Céng nghé in 3D dang ngay cang tré thanh cong cu quan trong trong nhiéu linh viee khdc
nhau. Trong d6, cong nghé in 3D sir dung vt liéu nhwa I6ng véi nhitng wu diém nhw dé chinh xdc
cao, chat lwong bé mdt tot dang nhan dwoc nhiéu sur quan tam ddc biét la trong linh vuc ché tao méu
phuc vu trong nganh diic mau chdy. Nghién civu va phdt trién mdy in 3D theo cong nghé DLP ¢6
kha nang tao nhitng mdu cé kich thuée 1ém khéng chi mé ra co hdi méi cho cdc nganh cong nghiép
diic giip tiét kiém thoi gian va chi phi san xudt. Bai bdo trinh bay qud trinh tinh todn thiét ké mdy
in 3D-DLP dé ché tao mau cé kich thuée Ién (300x300x300 mm) sw dung vat liéu nhwa sap phuc vu
qud trinh diic mau chay phuc vu nhu cau cho cdc doanh nghiép trong nuéc.

Tix khéa: In 3D; DLP; Thiét ké: Piic mau chay; Mau nhya-sap.
ABSTRACT

3D printing technology is increasingly becoming an essential tool across various industries.
Among them, 3D printing technology utilizing liquid resin materials, with advantages such as
high precision and excellent surface quality, is receiving significant attention, particularly in the
field of prototype manufacturing for investment casting. The research and development of DLP
(Digital Light Processing) 3D printers capable of creating large-sized models not only opens up
new opportunities for the casting industry but also helps save production time and costs. This paper
presents the calculation and design process of a 3D-DLP printer for fabricating large-sized models
(300x300x300 mm) using resin-wax materials, catering to the investment casting needs of domestic

companies.

Keywords: In 3D; DLP; Design; Investment casting; Resin-wax patterns.
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1. GIOI THIEU

Cong nghé in 3D dang phat trién manh
vl quy mo thi truong dat 20,37 ty USD vao
nam 2023 va tdc do ting truong du kién 23,5%
CAGR dén nam 2030. Trong d6, in 3D resin
chiém hon 10% doanh thu nim 2020, nho kha
nang tao ra san pham c6 d6 chinh xéac cao va bé
mit tot. Trong cac cong nghé in 3D st dung vat
li¢u nhya long, cong nghé DLP (Digital Light
Processing) tao ra cac san pham c6 chét luong
tuong ddi voi nang suat cao [1], [2], [3]. Vi vay,
cong nghé nay dang dugc quan tim phat trién
ca vé thiét bi 1an vat liéu, mot trong cac loai
vat li¢u mai 1a nhya sap phuc vu qua trinh duc
mau chdy. Hién nay, mgt hé théng in 3D-DLP
thuong mai c6 gia thanh cao va kich thudce san
pham con twong d6i nho. Do d6, viéc nghién
ctru, phat trién may in 3D-DLP ma ngudn
mé v6i chi phi thap 14 mot nhu cau can thiét.
Bai viét dé xuat mot phuong an thiét ké may
in 3D-DLP st dung vt lidu nhwa-sap dé ché
tao mau duc c6 kich thudc 16n gitp cac doanh
nghiép trong nudc rat ngan quy trinh ché tao,
qua do6 gitip tiét kiém thoi gian va chi phi.

Bang 1. Théng s6 thiét ké

Théng sb Gia tri
Kich thudc san phdm 300x300x300 mm
b0 phan giai XY 50 pm
Do chinh xac truc Z 0,025 - 0,1 mm
Do phan giai ngudn ndng | 30,4 2160 pixel
lugng may chieu
BHG;C Song 405 nm
ngudn nang luong

2. LUA CHON PHUONG PHAP THIET KE
2.1. Phuwong an chiéu nguén UV

Hién nay, cac thiét bi in 3D sir dung vat

li¢u nhya 1éng theo cong ngh¢ DLP dang duoc
thuong mai héa c6 hai phwong an chiéu tia UV
1én bé mat vat lidu long 1a: chiéu tur trén xuéng
(Top-Down) va chiéu tir dudi 1én (Bottom-Up)
[4], [5], [6], [7]. Trong do:

- Phuong 4n Top-Down: Anh sang UV
duoc chiéu tir trén Xuéng lam hoa ran nhya cam
quang tai bé mat tiép xuc, tao thanh ting 16p
vat liéu. Sau mdi 16p, ban may ha xubéng mot
khoang theo do day 16p va tiép tuc hoa ran vat
liéu. Qué trinh trén ldp lai cho dén khi hoan
thanh san pham.

- Phuong 4an Bottom-Up: Anh sang
chiéu tir dudi 1én qua ddy bé chira 1am cimg 16p
vat liéu va bam vao ban in. Sau mdi 16p, ban in
nang 1én mot khoang bang chiéu day 16p dé tao
16p san pham tiép theo. Qua trinh ldp lai cho
dén khi hoan thanh san pham.

Xét trén nhing dic diém coa ting
phuong an chiéu véi yéu cau va kha ning thiét
ké, nhém tac gia chon phwong an chiéu tir trén
xudng vi phuong 4n nay c6 thé in cac vat thé
16n. San pham khi in ndm trén tim gia d& nén
khong gip van dé vé viéc san pham bi roi, tach
ra khoi tdm gia do dong thoi giam duoc ciu
trac d& giup tiét kiém thoi gian va chi phi.

2.2. Két cAu cum khung may

Cum khung may bao v¢, nang do cac bd
phan, giam rung, dam bao d6 ctng viing va 6n
dinh. N6 con 1a khung 1ip vo ngoai, che chin
tia UV. Yéu cau k¥ thuat gdbm do clng viing,
han ché dao dong, dam bao do vudng goc va
song song dé lap rap d& dang [4], [5], [7]. Qua
khao sat, nhoém tac gia dé xut hai phuong an:

- Khung tir vat liéu tim, lap ghép bang
han hoac bulong.
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- Khung nhom dinh hinh, ldp ghép bang
bulong va dai 6c qua ke goc.

Phuong an Kkét hop ca hai dugc chon
dé dam bao do bén cao, chiu lyc tot, chong an
mon, trong luong nhe, de lap rap va can chinh.

2.3. Cac phwong an thiét ké cum ning ha

Cum nang ha di chuyén theo truc Z,
quyét dinh do chinh xac timg 16p vt liu [4],
[7]. N6 phai song song bé chira, vudng goc
ban in va khung may, véi d§ chinh xac 0,025-
0,1 mm dé dam bao chat luong va on dinh —
Nhom tac gia chon phuong 4n truyén-dan dong
1a dAn dong bang vit me bi — dai dc két hop voi
thanh din hudng thang dang vudng dé dap tng
yéu cau k¥ thut.

2.4. Két cau cum gia do va bé chira

Cum gi4 d& giit san pham sau khi 16p
vat liéu dong dic. Thiét ké thuong co 16 duc
gitip giam ap lyuc, han ché 161 va cai thién chat
luong bé mat in [7]. Cum gia d& c6 cac yéu
cau k¥ thuat sau: dam bao do clig vimng, vudng
gdc voi truc Z va song song voi bé chira; Bé
mit bam dinh tt, d& thao lip, vé sinh va lay san
phém; Trong lugng nhe, bén, kich thude phu
hop v6i kha nang in.

Phan tich cum bé chtra vat liéu: bé chaa
(VAT) gilt nhya cam quang trong qua trinh in.
Day bé c¢6 16p chdng dinh (Teflon hoic PDMS)
gitp tach 16p in dé dang. Yéu cau thiét ké:

. Kigh thude 330 x 330 x 330 mm, 16n hon ban
in dé dam bao du vat liéu.

* Vudng goc, song song d¢ giam sai so, d¢ lap
dat.
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« Vit liéu chdng dinh, d& vé sinh va thay thé
resin.

— Giai phap k¥ thuat: Thanh gat resin dugc sur
dung d¢ phan bo vat li€u dong déu, giam bot
khi, cai thién chat lugng in.

2.5. Phin tich lya chon ngudn niing lwong
projector

May chiéu DLP tao hinh 16p bang cach
chiéu anh sang qua thau kinh dén DMD, sau d6
vao bé nhya. Do sy phan tan pixel, chi tiét mép
bé co thé bj méo. S6 pixel ¢b dinh khién ban in
nho chinh x4c hon ban in 16n. May chiéu can
cuong do sang > 2500 lumen va d phan giai
> 1080p [5], [6], [7]. Nhoém tac gia chon may
chiéu SM12 — Pro do dap tmg yéu cau k¥ thuét.
Thong sb ky thuat: Do phan giai 3840x2160,
bude song LED UV 405 nm, cudong do 7000
lumens, tudi tho >30.000 gio, két ndi HDMI-
USB, kich thuéc 250x170x100 mm, trong
luong 2,5 kg.

3. THIET KE KET CAU CUA MAY IN
3D-DLP

3.1. Thiét ké co khi

CAu truc chung cua mot hé théng in
3D-DLP gdm céc bo phan chinh duoc trinh bay
& Hinh 1 va két qua tinh toan mot sb cum quan
trong dugc trinh bay trong Bang 2.

Hinh 1. M6 hinh co khi may in 3D-DLP:
1. May chieu, ‘2. Cum truc Z; 3. Cum can gat nhuya,
4. Cum bé chira; 5. Cum ndng ha bé chira;

6. Khung may; 7. Vo may

&
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Bdng 2. Mot s6 két qua tinh todn [8], [9], [10], [11]

a. Cum nang ha truc Z

Truc vit me

Thong s6 dau vao

Két qua

Kich thudc vat in 16n nhat: 300x300x300 mm

Do chinh xé4c t6t nhat dé ra: 0,05 mm

Do day 16p nho nhat: 0,01 mm

Khoi lugng riéng cua vat liéu nhya sép: d = 1,32 g/em’.
Luc doc truc F, = 485N

Van tdc t6i da cho phép 16n hon hodc bang 20 mm/s

Duong kinh tryc vit me: d = 8§ mm
Budc ren: p =2 mm

Chiéu dai: L =350 mm

Buong kiph trong ren: d, = 6,6 mm
Van toc to1 da: v =200 mm/s

Pong co truc vit

me

Thong s6 dau vao

Két qua

Luc doc truc F =485 N

Hiéu suit bd truyén n=0,9

Cong suat bo truyén: P=9,7x103 kW
Moment xoén trén truc dong co: 0,159Nmm
S6 vong quay ctia dong co, n = 600 vong/phut

Chon dong co NEMA 17 cho vit me truc Z
[23]

b. Cum bé chira

Truc vit me

Thong s6 dau vao

Két qua

Thé tich 16n nhét cua bé chua: 35937 cm?
Khdi luong vat lidu 16n nhét: 47,44 kg
Luc doc truc F =940 N

Puong kinh truc vit me: d =12 mm
Budc ren: p=2,5 mm

Chiéu dai van hanh: L= 130 mm
Tai trong tinh cho phép: 12910N
Tai trong dong cho phép: 6485N

DPong co nang ha bé chira

Théng s6 dau vao

Két qua

Luc doc truc F =940 N

Hiéu suit bo truyén n = 0,9

Van toc cho phép: 20 mm/s

Cong sut bo truyén: P=0,0188 kW

Cong suat can thiét cia dong co: 0,02 kW

S6 vong quay ctia dong co: n = 480 vong/phut

Chon dong co NEMA 17 cho truc vit me
nang ha bé chura.

¢. Cum thanh gat

bong co cho thanh gat

Théng s6 dau vao

Két qua

Luc kéo cua day dai: F =2,4N
Cong sut bo truyén: P = 0,00024 kW
Moment xoén trén truc dong co: P=0,00086 Nm

Chon dong co NEMA 8 cho thanh gat
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3.2. Thiét ké mach diéu khién

Hé thdng diéu khién str dung mdy tinh nhting Raspberry Pi dé van hanh may in 3D-DLP
str dung may tinh hodc man hinh diéu khién két ndi véi Raspberry Pi, xir 1y tin hiéu va truyén dén
mach Arduino Mega 2560. Mach Arduino két n6i v6i driver DRV8825 dé diéu khién dong co budc.
Dong thoi, Raspberry Pi két ndi vi may chiéu qua cong HDMI, kiém soat qua trinh chiéu sang khi
in nhwa cam quang [12], [13], [14], [15]. So d0 két nbi chi tiét duoc trinh bay trong Hinh 2 va cac
linh kién quan trong trong hé théng diéu khién dugc trinh bay trong Bang 3.
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Hinh 2. Luu do gidi thudt ciia mdy in 3D DLP

Bdng 3. Cdc thiét bi linh kién ciia hé thong diéu khién mdy in 3D-DLP

Tén thiét bi S6 lwong
Rasberry Pi 3 1
Arduino Mega 2560 1
Mach mé rong Ramps 1.4 1
Driver DRV8825 1
Pong co budce 4
Cong tic hanh trinh 4
May chiéu 2
Ngudn dién 1
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4. KET QUA VA THAO LUAN

Sau khi tinh toan, cac cum chi tiét duoc
thiét ké trén phan mém Solidworks va lip rap
v6i nhau thanh mot may in 3D-DLP hoan chinh
duogc trinh bay trén Hinh 3. Thiét bi co6 két cau
co khi kha don gian duoc thiét ké theo két ciu
may cong nghi€p véi kha nang in duogc san
pham c6 kich thudc 16n. Két qua thiét ké co
tinh kha thi cao dé ché tao voi chi phi thap. So
d6 ndi day cho mach diéu khién thiét bi dugc
trinh bay trén Hinh 4.

Hinh 3. Két qua thiét ké phan co khi cho may in
3D-DLP: (a) cum ndng ha truc Z, (b) cum nang ha
bé chira vit liéu, (c) cum thanh gat, (d) cum khung
may, (e) cum vo may va (f) thiét bi in 3D-DLP sau

khi dwoc ldp rdp.

Trong d6, cac chi tiét chinh trong timg
cum may nhu sau:

- Cum nang ha gém: 1. Pong co truyén
dong vit me; 2. Tam d& cum nang ha; 3. Truc

vit me; 4. Dan hudng con trugt — thanh trugt
vuong; 5. Thanh lién két véi cum vit me; 6.
Thanh lién két tAm gia d& vat in; 7. Tam gia d&
vat in.

- Bé chira gdbm: 1. Con trugt — thanh
trugt tron nang ha bé chira vat liéu; 2. TAm cd
dinh chi tiét; 3. Tam di chuyén chi tiét; 4. Con
trugt — thanh trugt tron nang ha cum chi tiét; 5.
Truc vit me; 6. G4 dong co; 7. Pong co budc.

- Cum gat nhya gom: 1. Pong co truyén
dong day dai; 2. Day dai kéo can gat; 3. Con
truot — Thanh truot vudng dan huéng can gat;
4. Can gat nhya; 5. Co ciu cang dai.

- Cym khung may gom: 1. Tam ga may
chiéu; 2. TAm d& cum truc Z va cum can gat
nhua; 3. TAm ga ray trugt bi cho cum bé chira;
4. Tam d& cum bé chira; 5. Tam d& truc vit me
nang ha bé chtra vat liéu; 6. Khung may; 7.
Chan dé may.

- Cum v6 may gom: 1. TAm trén; 2.
Than vo; 3. Cua chinh; 4. Ctra phuy; 5. Tam day.

Y MAY TINH CA
- | = NHAN

MAY CHIEU

Raspberry Pi3
Model B+
2
]

noAC AL

s

Hinh 4. So' do6 néi day cho mach diéu khién

5. KET LUAN

Bai bao da trinh bay qua trinh thiét ké
may in 3D theo cong nghé DLP dé tao miu
nham phuc vu qua trinh dic mau chay. Quy
trinh gdm nhiéu giai doan: tir viéc xac dinh loai
nhya-sap phu hop cho viéc tao mau duc, phan
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tich lya chon ngudn ning lugng phu hop véi
vat liéu, thiét ké hé thdng co khi sao cho dam
bdo do cung viing, hoat dong on dinh va thiét
ké mach diéu khién cho thiét bi. TAt ca da gop
phﬁn tao nén mot Kkét qua hoan chinh ¢ tinh
khé thi cao cho viéc ché tao, thu nghiém va
van hanh sau ndy. V&i kha ning tao mau c6 do
chi tiét, chinh xac cao va dang dugc su dung
rong rai trong nhiéu linh vyc, may in 3D-DLP
6 tiém nang phat trién manh m&, nhit 1a & thi
truong Viét Nam trong thoi gian toi.

Trong tuong lai, nghién ctru nay sé tiép
tuc hoan thién cac van dé sau: ( 1) Tién hanh ché
tao thiét bi dé kiém nghiém do6 chinh xac san
pham, tir d6 t6i wu hoa thong sé van hanh cua
thiét bi; (2) Tich hgp camera dé c6 thé giam sat
qué trinh ché tao san pham; (3) Nghién ciru sau
hon vé cac loai may chiéu, phuo’ng phap dong
nhét nang luong tir nhiéu méay chiéu dé cai tlen
hiéu suét chiéu sang cho qua trinh déng rin
nhya dat hi€u qua t6t nhat; (4) Nghién curu cai
tién phuong an thiét ké cho cum cin gat nhya
nham dat hiéu qua t&t nhat. <
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