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NGHIEN CUPU THIET KE VA CHE TAO MAY IN 3D RESIN THEO
CONG NGHE LCD

STUDY ON DESIGN AND FABRICATION OF A RESIN 3D PRINTER USING LCD
TECHNOLOGY

Nguyén Anh Tuén', Nguyén Quang Diing?, Nguyén Vin Khiét!
'Khoa Co khi, Trudng DPai hoc Kinh té — K§ thuat Cong nghiép
?Khoa Vi khi, Hoc vién Ky thuat quan sy

TOM TAT

Nghién ciru nay trinh bdy qud trinh thiét ké, ché tao va thiee nghiém mét mdy in 3D resin sir
dung céng nghé LCD. Trén co s¢ ké thira cac nghién civu trude ddy, nhom tac gia di nghién civu
thiét ké ché tao mét mdy in 3D resin sir dung cong nghé LCD, véi mong muén lam chii cong nghé
ciia may d@é phuc vu cong tac dao tao, nghién ciru kj thudt va ché tao mé hinh ky thudt sé. Ngodi ra,
cdc thwe nghiém ciing dd dwoc tién hanh d@é khao st danh gia anh huéng ciia cdc théng sé in nhu
chiéu day 16p in, goc tao mau va thoi gian phoi sang dén dé nham bé mdt san pham. Két qua dwge
xit 1y bang hoi quy thiee nghiém, tir d6 xdc ldp dwoc mé hinh todn hoc thé hién dnh huwdng cia cdc
théng s6 trén dén chat heong bé mat.

Tw khoa: Mdy in 3D; Resin; LCD.
ABSTRACT

This study presents the design, fabrication, and experimental evaluation of a 3D printer
using LCD-based resin technology. Based on inheriting previous research, the authors have
researched, designed and manufactured a resin 3D printer to support educational and research
activities. Experiments examined the effects of printing parameters such as layer thickness, model
angle, and exposure time on surface roughness. Regression analysis established a mathematical
model correlating input parameters to surface quality.

Keywords: 3D printer, Resin; LCD.

1. DAT VAN PE tiéu dao tao va tao mau nhanh. Mot sd cong

trinh nghién ctru da dugc cac hing ché tao may

Cong ngh¢ in 3D ngay cang dugc ung trén thé gidi ing dung dé ché tao thanh cac san

dung pho bién trong cac linh vuc k¥ thuat, san pham thuong mai [1-5]. Tuy nhién, cac cong bd

xuat va gido duc. Trong sé do, cong nghé in ctia cac hing thuong mang tinh chat giéi thiéu,

resin st dung man hinh LCD ndi bat boi do  khong c6 tai liéu thiét ké va cong nghé cu thé
phan giai cao, chi phi thdp va phu hop cho muc nén kho ap dung.
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O Viét Nam, cong nghé in 3D sir dung
LCD da dugc nghién cuu va ung dung ngay
cang phd bién trong thuc té. Tuy nhién, két qua
dat dugc con nhiing han ché nhat dinh. Céc
nghién ctru vé tao miu dé tmg dung trong cong
nghiép da dugc chu trong, nhiéu tac gia, co s&
san xuat da dé xuat nghién ctru ché tao may in
3D resin sir dung LCD nhu nhém nghién ctu
thudc Truong Pai hoc Bach khoa TP. Ho Chi
Minh [6], nhom nghién ctiru thudc Trung tadm
Nghién ctru in 3D Y sinh tai Truong VinUni
[7]..... Cac két qua vé nghién ctru dugc dé cap
& trén da dat duoc cac két qua budce dau, tuy
nhién viéc thiét k& va ché tao hé thdng may
in 3D resin theo cong nghé LCD phu hop voi
diéu kién k¥ thuat trong nudc van con 1a mot
thach thuc. Bai bdo nay trinh bay qué trinh
nghién ciu, thiét ké, ché tao va thuc nghiém
may in resin st dung cong ngh¢ LCD g dung
trong giang day tai Khoa Co khi va Cau lac
bd STEM, Trudong Pai hoc Kinh t& — K§ thuat
Cong nghiép.

2.NOI DUNG

2.1. Nguyén ly hoat dong ctia may in 3D resin
theo cong nghé LCD

Hinh 1. Céu tao man hinh LCD

Man hinh LCD (Liquid Crystal Display)
¢ cAu tao nhu thé hién trén hinh 1, bao gém
nhiéu 16p vat li¢u nhu sau:

- Tinh thé 1ong: Pay la 16p chu yéu
trong man hinh, c6 kha ning thay ddi cau tric
khi c6 dién &p, diéu khién anh sang di qua.

- Pén nén: Man hinh LCD khéng thé tu
phat sang, vi vay dén nén (thuong 1a dén LED
hoic CCFL) cung cip ngudn sang cho man
hinh.

- Lop phan cuc: Gitp anh sang di qua
cac tinh thé long mdt cach cé kiém soat, cho
phép hién thi hinh anh chinh xéc.

- B6 loc mau: Tinh thé long chi co thé
diéu chinh d6 sang, nén man hinh LCD can bo
loc mau dé tao ra cac mau sic khac nhau b?mg
cach thay doi cach anh sang di qua.

May in 3D str dung cong nghé¢ LCD
hoat dong dua trén nguyén ly quang trung hop
nhya cam quang (resin) dudi tac dong ctia anh
sang UV nhu thé hién trén hinh 2. Qua trinh
tao mau duoc thyc hién theo ting 16p, nho kha
ning kiém soat anh sang chinh xac ctia man
hinh LCD. Cu thé, nguén sang UV (thuong 1a
dén LED ma tran) phat ra anh sang déu, di qua
mot tim phén tan anh sang (diffuser) gitp dam
bao phan bd dong déu. Anh sang nay sau do di
qua man hinh LCD, noi hién thi hinh a4nh mat
cit (slice) 2D cua mo hinh 3D ¢ mdi 16p in.
Man hinh LCD déng vai trd nhu mét 16p chin
sang, chi cho phép anh sang di qua tai nhitng
vi tri twong mg v&i ving can duoc lam cung
cua l6p resin. Lop resin 1ong duogc chura trong
mot bé in (VAT), thuong co day trong sudt
dugc phit 16p chdng dinh nhu FEP (Fluorinated
Ethylene Propylene). Khi anh sang UV chiéu
xuyén qua man hinh LCD va day bé, s& kich
hoat phan tng tring hop tai nhimg ving nhat
dinh, khién resin tai d6 chuyén sang trang thai
ran. Sau mdi 16p in, ban nang di chuyén lén
mot khoang cach bang do day 16p in (thuong
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tr 25-100 micromet), cho phép resin moi chay
vao khoang tréng dé tiép tuc qua trinh tao 16p
tiép theo. Qua trinh nay duogc lap lai nhiéu lan
cho dén khi toan bo mé hinh 3D dugce hoan
thanh. Sau khi in xong, san pham s& duoc lay
ra khoi ban nang, lam sach bang dung moi nhu
isopropyl alcohol, va thuong can dugc xir 1y
hau ky bang anh sang UV dé hoan tat qua trinh
dong cung.

[ 1 in ndng 1én san mdi kip l

]

[ Lip nlra &3 dhng cimg ]

[ B mhya resan l

l

[ Min kink LOTY (a0 dnk ]

[ Anh wing UV chida qua I .-Ir‘ Tin hidu anh 20 I

Slicer tao hish anh Kip ]
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Hinh 2. So dé quy trinh in 3D resin sir dung cong
nghé LCD

2.2. Thiét ké két cAu may in 3D resin sir dung
cong nghé LCD

Sau khi da x4c dinh dugc nguyén ly
hoat dong cuia may in 3D resin cong nghé LCD,
bude tiép theo trong qua trinh thiét ké 1a xac
dinh cdc cum chtrc ndng chinh cua hé théng.
Viéc phan tich va lga chon cac cum chirc ndng
phi hop 14 co s& quan trong dé dé xuat phuong
an thiét ké t6i wu, dap tng duoc cac yéu cau ky
thudt, tinh 6n dinh, hiéu qua va kha niang ché
tao.

+ Lya chon ngudn sang UV: Trong méay
in 3D resin theo cong ngh¢ LCD, anh sang UV
1a yéu t6 kich hoat phan mg quang tring hop
cua nhya cam quang (resin), giup tao thanh cac

16p vat liéu ran tir chat long. Do d6, lya chon
loai dén UV phu hop vé bude song, cudng do
va kha niang phan bd anh sang 13 yéu t6 then
chdt dé dam bao chat lugng ban in, do bén cua
thiét bi va toc do in. Trén co sé phén tich ba
phuong an ngudn sang UV phd bién hién nay
bao gom LED UV dang Matrix, LED UV dang
COB va den UV Halogen, tac gia da lya chon
st dung déen LED UV dang Matrix c6 budc
song 405 nm, 1am ngudn sang chinh cho may
in 3D cong ngh¢ LCD.

+ Lua chon man hinh LCD: Trong cong
nghé in 3D resin, man hinh LCD doéng vai tro
nhu mgt mat na quang dong (dynamic mask),
kiém soat khu vuc anh sang UV dugc truyén
qua dé 1am cimg nhya cam quang tai nhimng vi
tri mong mudn. Viéc lya chon man hinh phu
hop khong chi anh huong dén d6 chinh xéac
va do chi tiét cua san pham in, ma con quyét
dinh dén toc d6 in, d0 bén cia hé théng, va
kha ning tuong thich véi ngudn sang. Trong
nghién ctu nay lya chon st dung man hinh
LCD monochrome 7K dé bao dam sy can bang
giita hiéu suat quang hoc, chat luong in va do
bén trong qua trinh st dung.

+ Luya chon co cu thay doi muc nhya:
Trong qué trinh in 3D resin, lugng nhua resin
trong bé chira s& lién tuc giam do su tiéu thu
nhya trong qua trinh tao 16p. Viéc duy tri mirc
resin 6n dinh 1a rat quan trong dé dam bao do
chinh xéc 16p in, d§ bam dinh, cling nhu han
ché 15i in. Trong ba phuong an nap nhya resin
trong qua trinh in phd bién hién nay gdm bom
va cam bién, binh phu ndi thong, nap resin thu
cong. Moi phuong phap cé nhitng wu nhuoc
diém riéng, phi hop véi timg yéu cau va dic
diém san xuit khiac nhau. Trong nghién ctru
nay lua chon phuong 4n bom va cam bién gitp
tiét kiém thoi gian va nang cao hiéu qua san

xuét, ddng thoi gitip hé théng in 3D hoat dong F
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on dinh, gidm thiéu rui ro trong qua trinh in,
dac bi¢t la trong cac ing dung san xuat quy mo
16n va lién tuc.

+ Co ciu chdng dinh, chan khong va
bé in: Trong qua trinh in 3D bang cong nghé
LCD, sau khi mdi 16p resin dugc chiéu sang va
dong dic, bé miat xay dung can tach 16p in ra
khoi man chiéu dé tiép tuc in 16p ké tiép. Tuy
nhién, do dic tinh nhdt va kha nang chay loang
clia resin, dong thoi do sy tiép xtic gan nhu kin
giita 16p in va mang phim/man chiéu, nén hai
hién tugng bi dinh va tao chan khong xay ra
cung luc. Hai hi¢én tugng nay cdng hudng véi
nhau, gay luc kéo rat 16n 1én mé hinh in. Néu
khong duoc kiém soat, chung s& dan dén: Ldi
tach 16p (delamination); Gay l6p in; M6 hinh
bi bién dang; Tang luc kéo 1én cc bd phan co
khi, giam tudi tho thiét bi. Dya trén tiéu chi
don gian hoa két cAu co khi, d& ché tao va van
hanh, giam chi phi dau tu ban dau, ma van dam
bao hiéu qua giam lyc dinh va han ché luc chan
khong & muc hop 1y, & day lua chon phuong
an str dung mang FEP két hop v6i bé in phang,
khong trang bi co céu nghiéng nhu thé hién
trén hinh 3 dé chong dinh va chéng chan khong
trong qua trinh in.

Chi 158 in
-~

Nlang n:'h:'“ng
dimh limh Bogt

D —

Hinh 3. Bé in gan mang chong dinh linh hoat

Mhira resan

+ Cum nang ha chi tiét in theo truc Z: Dé
bién chuyén dong quay thanh chuyén dong tinh
tién, tac gia lya chon str dung dong co servo va
bo truyén vit me dai dc bi C-KBS1204-400. Uu
diém cta bo truyén nay 1a truyén dong chinh
xac, kha nang chiu tai doc 16n va do bén van
hanh cao. Pac biét, vit me bi con c6 kha nang

tw him co hoc tét, ¢dm bao vi tri 6n dinh khi
tam dung hodc trong cac pha tach 16p.

Trén co s phan tich Iya chon cac cym
chtic nang cua may, thyc hién thiét ké va lap rap
cac cum chi tiét trén moi truong Assembly clia
phan mém Inventor s& xay dung duoc két ciu
chung cua cta may in 3D resin st dung cong
nghé LCD. Tur d6 thyc hién thiét ké cum ban
may sé& xay dung dugc két cau tong thé hé thong
co khi cia may in 3D resin st dung cong nghé
LCD nhu thé hién nhu thé hién trén hinh 4.

(1): Banh xe; (2): Cum man hinh; (3): Bang diéu
khién; (4): Man hinh; (5): Cum mdy in;
(6): Cum sdy rira; (7): Bén UV
Hinh 4. Két cau hé thong co khi ciia may in 3D
resin su dung cong nghé LCD
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2.3. Thiét ké h¢ thong diéu khién ciia may in
3D resin sir dung cong nghé LCD

2.3.1. Lua chon h¢ thong diéu khién cum mdy in

H¢ théng diéu khién c6 vai tro trung
tam trong viéc diéu phoi hoat dong cua h¢
thong co khi, diéu khién cudng d6 va thoi gian
chiéu sang man hinh LCD, ddng thoi xir Iy 1énh
tur phﬁn mém diéu khién in 3D (slicer). Viéc luya
chon dung vi diéu khién (bo mach chu), driver
dong co, cam bién gidi han va cac khoi giao
tiép 1a yéu t6 then chdt dé dam bao chét luong
ban in, d6 6n dinh va kha nang md rong cua hé
théng.

BOM NAP
MHIUTA
BONG OO MAN HINH
TRUC Z LCT
BO MACH CHINH
(CONTROLLER)
GG HAN MAN HINH
TRUC Z CAM UNG

Hinh 5. So do hé thong diéu khién cum mady in 3D
resin cong nghé LCD

Bo mach chinh la bg nao trung tam cua
may in 3D, dong vai tro diéu khién toan bo hé
thong —tu truyen dong co khi, hién thi thong
tin, dén diéu khién ngudn sang va giao tiép voi
ngudi ding. Trong sb cac loai bo mach hién
nay, bo mach cia hang Anycubic dugc danh gia
cao vé d6 on dinh, phd bién, gia thanh hop 1y va
hd tro manh mé& cho may in 3D resin cong nghé
LCD. Mach Anycubic thudng tich hop sin
driver, c6 kha nang diéu khién LED UV, hd trg
cam bién va hién thi thong tin rd rang qua giao
dién cam tng. Do do, dua trén yéu ciu hé thong
va céu hinh may in 3D resin c6ng nghé¢ LCD
dat ra, nghién ctru nay lya chon bo mach chinh
hang Anycubic. Bo mach nay dap ung day du
cac yéu cau k¥ thuat, d& tich hop vao hé co khi
da thiét ké va giup dam bao do chinh xac, d 6n
dinh cua hé diéu khién trong qua trinh in.

2.3.2. Luwa chon hé thong diéu khién cum sdy rira

Trong qua trinh xay dung hé thong diéu
khién ctia cum sdy rira may in 3D resin, viéc
Ira chon PLC phu hop 14 budc quan trong dé
dam bao cac chu trinh rira, siy va chiéu UV
duoc thuc hién chinh xéc theo thoi gian va quy
trinh da dinh. M6t PLC tich hop man hinh HMI
ngay trén thiét bi s& gitp qua trinh xir Iy dap
g yéu cau, téi vu khong gian tu dién, giam
thiéu 16i dau ndi. Trén co s tim hiéu cac dong
PLC trén thi truong, tac gia da lya chon PLC
YKHMI FX3U va sit dung driver DM542 dé
diéu khién dong co budc Step 57.

BRONG OO BEN SAY
TRLUC Z v
. PLC BOM DLUNG
DRIVER - — (CONTROLLER) DICH RITA
GIOL HAN BE RUA
TRUC 7 SIEU AM

Hinh 6. So' do hé thong diéu khién cum sdy rira
chi tiét

Trén co s& nay, tdc gid da xdy dung
so d6 dau ndi giita cac thiét bi ¢é dam bao hé
thong diéu khién hoat dong chinh xic va an
toan nhu thé hién trén hinh 7. Trong so do nay,
PLC déng vai tro phét tin hiéu diéu khién (xung
budc va chiéu quay) dén driver, théng qua cac
ngd ra sd (digital output).

H B = =

Hinh 7. So d6 mach dién PLC ciia cum sdy rika
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2.4. Thue nghiém ché tao va thuc nghiém
danh gia hiéu qua hoat dong

2.4.1. Thue nghiém ché tao

Tur thiét ké két cau co khi va hé thong
diéu khién, nhom nghién ciru da tién hanh gia
cong ché tao cac chi tiét co khi va lya chon
cac thiét bi, linh kién dién tir da tinh chon. Sau
d6, nhom tién hanh lap rap, diéu chinh va thir
nghiém thanh cong mdy in 3D theo cong ngh¢
LCD vé6i cac thong s6 ki thuat ding theo thiét
ké nhu thé hién trén hinh 8.

Hinh 8. Hinh anh may in 3D resin theo cong nghé
LCD sau khi thiét ké ché tao

2.4.2. Thuc nghiém danh gia hiéu qua hoat
dong

Dé danh gia kiém nghiém kha ning
hoat dong cia may, nhom nghién ctru da tién
hanh in thir nhi¢ém mot sd chi tiét dién hinh. Két
qué cho thay may in 3D resin ma nhém thiét ké
ché tao hoat dong 6n dinh, dam bao cac thong
s6 k¥ thuat yéu cau da dua ra, san pham in c6
dd chinh xac kich thude va hinh hoc dat yéu
cau ky thuat dat ra.

Hinh 9. Hinh anh mot $6 san phcfm duoc thuc
nghiém in trén may

Ngoai ra, dé danh gia kha nang lam viéc
clia may in 3D da thiét ké ché tao, nhom tac gia
d4 tién hanh thuc nghiém theo ma tran tryc giao
L9 nhu trong bang 1, nham danh gia anh huong
ctia ba thong s6 ché do in quan trong (chiéu day
16p in o, gbc tao mau a, thoi gian phoi sang 1)
dén d6 nham bé mat (Ra) cua chi tiét in, trong
d6 san pham in 1 chi tiét banh ring c6 cau tao
nhu thé hién trén hinh 10. Trong d6, do nham
bé mit chi tiét duoc do biang may do do nham
Mitutoyo SJ-301 Surftest.

Hinh 10. Ban vé chi tiét banh rang dwoc sir dung
lam mau in thu nghiém
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Bdng 1. Bang ma trdn quy hoach thiee nghiém L9 va két qua thiee nghiém véi san pham in la
chi tiét banh rang

thi nSgohiém Bién ma héa Bién thye nghiém Két qua thi nghiém

X, X, X, c o T Ral Ra2 Ra3 Ra,
1 1 1 1 80 60 6 9,27 9,55 9,32 9,38
2 1 2 2 80 35 4 7,45 7,32 7,93 7,57
3 1 3 3 80 10 2 6,96 6,37 6,33 6,55
4 2 1 2 55 60 4 7,52 7,47 7,20 7,40
5 2 2 3 55 35 2 7,23 7,34 7,59 7,39
6 2 3 1 55 10 6 3,57 3,66 3,38 3,54
7 3 1 3 30 60 2 5,88 5,51 5,78 5,72
8 3 2 1 30 35 6 4,23 4,31 4,83 4,46
9 3 3 2 30 10 4 2,46 2,84 2,20 2,50

Sau khi tién hanh thuc nghiém in va thu
thap dir li¢u s€ nhan duoc bang két qua thuc
nghiém gia tri d6 nham bé mat véi 9 bo thong
s6 ché d6 in khac nhau nhu thé hién trong bang
1. Trén co so ndy, ing dung phuong phap hoi
quy thuc nghi¢m da xac dinh dugc ham toan
hoc thé hién mbi quan h¢ gitra cac thong s6 ché
d6 cong nghé (8, a, ) ddi véi cac yéu to dau ra
12 d6 nham bé mat chi tiét (Ra) nhu sau:

Ra=a .c™.0™ 1™

Ra= _1;}.1 1814_00.66904_a0.33942_T—O.ESSSQ

Sau khi xac dinh dugc ham hdi quy ¢
trén can kiém tra sy dong nhat ciia cac phuong
sai theo tiéu chuan Cochran, kiém tra mirc ¥
nghia cta cac hé sb trong phuong trinh hdi quy
theo chuan Student, kiém tra sy tuong thich
ctia phurong trinh hdi quy voi thuc nghiém theo
chuén Fisher [8]. Két qua kiém tra cho thay:

maxS>  0,016431
+’ th = N =
s 0,030386

u=1

~0,54073 < G,(2;9;0,05) = 0,801

— Diéu ndy ching to phuong sai 1a dong nhit,

d6 nhidu 1a 6n dinh khi thay d6i cac thong s6
thi nghiém.

| =2 = [T g 830405 1, (0.05:5) ~ 2.0
S.,| 10,21936

o, = 00690815 95055 (0,05:5)~ 2,02
S, 0,04793

+t, _ B 03394 12,9716 > t,(0,05;5) ~ 2,02
S,, 0,02617

] =22 = ~0.23889 =[-5,51732|>1,(0,05;5) ~ 2,02
S,| | 0,0433

— Piéu ndy ching to ba hé sd a, trong phuong
trinh hoi quy déu c6 y nghia vi théa man di¢u
kién:

t,1>1,(0,05;5)
S5, 0,01156

+’F;n= 2
S2 7 0.00337

=3,42465< F, (0,05;5;18) ~ 4,25

— Diéu nay, chung t6 phuong trinh hdi quy
phu hop vai thuc nghiém.

Nhu vay, két qua kiém tra cho thdy ham

hdi quy thuc nghiém ¢ day la dam bao do tin
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cdy. Do d6, trén co s ham hdi quy thuc nghiém
xac dinh duoc ¢ trén c6 thé rat ra mot s6 nhan
x€ét c6 y nghia dinh huéng cho nghién ctru va
ung dung trong qué trinh in trén may in 3D
resin st dung cong nghé LCD nhu sau:

+ Khi tang chiéu day 16p in o thi do
nhédm bé mat Ra cua chi tiét sé€ tang.

+ Khi ting goc tao mau a thi thi do
nhédm bé mat Ra cua chi tiét cling s€ tang.

+ Khi tang thoi gian phoi sang t thi do
nhédm bé mat Ra cua chi tiét cling s€ gidm.

Ddc bi¢t, trong ba thong s6 dau vao voi
pham vi khao sat da thuc hién trong nghién ctru
nay thi chiéu day 16p in ¢ c6 anh huong 1on
nhat dén do nham bé mat cua chi tiét in. Day la
co s dé gitp nguoi van hanh c6 thé lya chon
duoc ché do in hop 1y.

3. KET LUAN

Bai bao trinh bay mét s6 két qua nghién
ctru thiét ké va ché tao may in 3D theo cong
nghé LCD. Duya trén nén tang 1y thuyét va yéu
cau thuc té, nghién ctru da thiét ké va ché tao
dugc mot may in 3D resin st dung cong nghé
LCD phu hop véi diéu kién san xuat thyc té
& Viét Nam. Sau khi ché tao, may in da duogc
tién hanh thir nghiém in v&i nhitng diéu kién k¥
thudt khac nhau theo mang ma tran tryc giao
L9. Trén co so két qua thuc nghi¢m, mot ham
hoi quy thuc nghiém thé hién mbi quan hé giita
ba thong sb dau vao (chiéu day 16p in, thoi gian
phoi sang, gbc tao mau) dén d6 nham bé mat
chi tiét in dd dugc xac dinh. Tir d6 cho thay,
chiéu day 16p in 14 thong s6 anh hudng 16n nhat
dén do nham bé mat. May in duogc ché tao va
lap rap co thé hoat dong 6n dinh v&i do phan
giai cao, phul hop cho viéc in miu mot sd san

pham tmg dung trong thuc t& va mo hinh chi
tiét. Thiét bi c6 kha ning Gng dung trong dao
tao k¥ thuat, nghién ctru va san xuAt mé hinh ky
thuat. <
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