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Nghién ctru ché tao may in 3D thich hop cho vat liéu in hé gém s
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TOM TAT

Méy in 3D c6 thé xem la mét thanh tuu ky thuat quan trong co thé lam thay di tuong lai clia nganh
s&n xudt ché tao. Co thé thay tiém ndng va tdm anh hudng trong tuong lai gan clia phuong phap
in 3D d6i véi nganh vat liéu ndi chung, vat liéu silicat noi riéng, dac biét img dung trong thi cong
va tao hinh trong cac nganh xay dung, dan dung. Trong pham vi nghién ctiu nay, chidng toi thiét
ké va ché tao may in & quy md phong thi nghiém véi dau phun va hé théng cap liéu dun ép phu
hop cho loai vat liéu déo, nhu gém su. Cac chuyén déng clia hé théng in duge ma hoa va diéu
khién théng qua bo mach ch(, dua trén phan mém diéu khién Mach3, va két hop cting cac dong
co budc va bo truyén dong truc cho ca 3 chiéu in. Hé théng cap lieéu dugc thiét ké doc lap dua trén
qua trinh dun ép clia cum thiét bi xy-lanh va pit-tdng. V&i thiét ké nay, kich thudc méau cho phép
dat dugc 200x300x300mm. TU cac tinh todn thanh phan phdi liéu, ty 1& nguyén liéu déo/gay, cac
mau thanh pham dugc tao hinh qua may in c6 nhiéu hinh dang khéac nhau, véi mic do phc tap
trong chi tiét va téc d6 thuc hién cao. Tur céc két qua budce dau thu dugc, cé thé nang cao quy mod
va phat trién mot cach co hiéu qua viéc st dung cong nghé in 3D vdi vat liéu muc in gém s ing
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dung vao thuc té véi muc dich tao hinh, trang tri my thuat céng nghiép hoac dan dung.
Tu khoa: may in 3D, tao hinh vat liéu gom su, vat liéu silicat, muc in 3D, hd dat sét

TONG QUAN VA GIGI THIEU KY
THUAT IN 3D

Hién nay, ky thuat in 3D hay con goi 1a ky thuat AM
- Additive Manufacturing dang ngay cang phit trién
trén khap thé gidi véi nhiéu kiu mo hinh va tng dung
khéc nhaul. Theo tiéu chuin ASTM 52900:2015, k§
thuat AM dugc phin thanh bay nhém khac nhau:
(1) phun chét két dinh (binder jetting); (2) han dap
béng ning lugng dinh hudng (directed energy depo-
sition); (3) dun ép vat liéu (material extrusion); (4)
phun vt liéu (material jetting); (5) budng nung bot
(powder bed fusion); (6) cdn cit tdm (sheet lamina-
tion); (7) bé quang hda polymer (vat photopolymer-
ization). Trong moi trudng san xudt da dang ngay
nay, ky thuat AM trd thanh mot cong cu mang lai kha
néng canh tranh manh mé, két hgp toan dién ti thiét
ké dén ché tao theo yéu cdu ctia khach hang, miic do
chinh xdc ctia sdn phdm cao va tdc do tao hinh nhanh.
V6i su da dang vé vét liéu c6 thé st dung bao goém ca
polymer, ceramic va kim loai2. Trong &6 mdy in 3D
diing cho nhém vét liéu ceramic dang dan phit trién
va n6i 1én khap thé gidi, véi cdc muc dich va quy mo
ngay mot mé rong, mic do da dang hoa khi stt dung
vat liéu cling gia tang, tU cac vat liéu composite, gém
truyén thdong, bé-tong, viia xi-ming dén cac loai vat
liéu geopolymer, g&m y sinh va gém ky thut,... 3. Néi

riéng vé vat liéu gobm truyén thong, ngoai cac ky thuat
tao hinh truyén théng da biét nhu tao hinh ban xoay
tha cong, tao hinh d6 rét, tao hinh ép, ky thuat tao
hinh in 3D céc sdn phdm gém dén tré nén phd bién
trén thé giGi. Céac san phim tao ra ti ky thuét nay co
céac hinh dang, kich thuéc da dang va phiic tap ciing
nhu tinh thdim my va nghé thuét cao?. Miic d6 hoan
thién ctia cdc san phdm gém ti ky thuét tao hinh trén
cling ngay mot hoan thién, t6c do thuc hién ngay cang
dugc nang cao 5,

Dai véi thé gidi, viéc ting dung ky thuat in 3D vao
tao hinh vét liéu gébm st dang tré nén phd bién
va phat trién. Trong d6, ba ki€u moé hinh mdy in
3D dugc st dung: kiéu toa do Decartes (Cartesian),
kiéu Delta va kiéu toa do cuc (Polar). Bén canh dé,
mot kiéu mo6 hinh méi dang trong giai doan nghién
ctiu va hoan thién, mé hinh diéu khién canh tay
robot (SCARA - the Selective Compliance Assembly
Robotic Arm)4%7. Hién nay, ky thuat ndy ciing da
bat dau dugc biét dén va xuit hién & Viét Nam. Cu
thé phai ké dén mdy in 3D vit liéu gém st dugc ché
tao thanh cong bdi nhom sinh vién trudng Pai hoc
Bach Khoa ba Nang, v6i khung méy dugc x4y dung
theo mo hinh Delta va hé thong cdp liéu st dung bd
bom khi nén8. Tt nhiing nén tang trén, trong pham
vi nghién ciiu nay, chung t4i tip trung vao viéc xay
dyng moé hinh mdy in 3D theo kiéu toa d¢ Decartes

Trich dan bai bao nay: Chi Can T, Minh Thién N, Thién Toan L Q, Manh Quyén D, Anh Ta T, Tri Huynh N N,
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v6i quy mo phong thi nghiém pht hgp cho vit liéu
gom st va thiét k€ bd cép liéu theo co ché bo dun truc
vit. Tl d6, két hgp vé6i y tudng mdy in 3D cta sinh
vién trudng Pai hoc Bach Khoa Pa Néng d€ lam r6
hon vé phuong phap tao hinh phtc tap nay.

PHUGONG PHAP XAY DUNG MO
HINH MAY IN 3D

Dua trén phén loai nhém ky thuit AM dé cap trong
phén téng quan, mdy in 3D trong giai doan nghién
ctiu ndy stt dung muc in dang bun gém su ¢6 thé dugc
x€p vao kiéu phuong phap dun ép vat liéu (ME - Ma-
terial Extrusion) >, Trong ky thuat ME, vat liéu dugc
dua vao may dun ép véi téc do khong déi, sau do, vat
liéu dugc nén chit hoan toan va dun ra khoi dau voi
in v6i mot ap sudt khong ddi. Thém vao d6, nhd vao
qua trinh trén cic hat vat liéu sé két chit lai v6i nhau
vi vy hinh thanh nén mét khdi ran chic va git dugc
nguyén ven hinh dang cdu tric ctia n6 xuyén sust qua
trinh in®. Nhu da dé cap trudc d6, hé thong mdy in
3D dugc xay dung gom cac bo phan chinh: b truyén
dong, bo cép liéu, cdc bo mach diéu khién va bo diéu
khién. Ngoai ra, mic du ky thuat trén cé nhiéu loai
hinh khac nhau, nhung tdng thé nguyén ly van hanh
hédu nhu giéng nhau (Hinh 1). Budc dau tién ciing 1a
budc tién quyét chinh 1a thiét k&€ hinh dang mau vat
béng cdc phdn mém trén mady tinh, dong thoi chuyén
d6i céc tép tin trén vé dang tap tin c6 thé in dugc (.stl)
thong qua cac phdn mém CAD/CAM chuyén dung
(cdt m6 hinh mau vat thanh mét chubi cic 16p). Sau
do, tap tin da chuyén ddi dugc dua sang hé thong diéu
khién va thong qua bo mach BOB Mach3 diéu khién
d4u miiin. Bén canh, b¢ cap liéu sé dugc truyén dong
bai hé théng truc vit va diéu khién bai bo mach MKS
Steptest OSC, tit d6, muc in sé dugc nap tii xy-lanh
chita dén ddu mai in. Qud trinh in sé dién ra trén
tiing 16p mot, tuong vng véi cac 16p trong tap tin da
chuyén ddi trén. Sau ciing, san phim c6 thé tiép tuc
dugc xti Iy sau khi in nhu sdy, nung hodc trang men.

Bé truyén déng

B¢ truyén dong dong vai tro thiét yéu trong viéc
chuyén dong trong khong gian ba chiéu ctia may, gitp
dua mai in dén céc vi tri toa d cn in. Trén nén tang
cac mo6 hinh mady in c6 sén trén thi trudng, khung
may in dugc x4y dung theo mo hinh toa do Descartes,
v6i sy chuyén dong trén céc truc x, y va z thong qua
hé thdng truyén truc vitme va dong co budc NEMA.
Thém vao d6, két hgp véi cac thanh nhom dinh hinh
gitip x4y dung nén khung mdy - khong gian in va
dong thoi ning d6 cdc két cdu mdy. Sau bude tinh
toan, do dac céc kich thuéc cho may, khung may in
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dugc x4y dung bang phan mém 3D Inventor (hinh 2).
Trong d9, (1) la khung mdy in, (2) by truyén dong truc
X, (3) b0 truyén dong truc y, (4) bd truyén dong truc
z, (5) dau voi in, (6) bé mit in. Vdi kich thudc mau
in cho phép dat dugc 200x300x300mm. Sau do, lua
chon céc linh kién va thiét bi c6 sén trén thi trudng
thuén tién cho viéc ldp rdp mdy. Cdc linh kién can
thiét cho viéc ché tao may dugc liét ké chi tiét trong
Bang 1. Sau cung, thong qua bo mach BOB Mach3
truyén tin hiéu diéu khién ti mdy tinh dén cac dong
co bude. Cacbude diéu khién dong co dugc thuc hién
trén phan mém chuyén dung Mach3.

Bd cap liéu

B¢ cép liéu 6 thé dugc xem nhu mot bo phén ho trg,
giup cung cip va dan dong dong liéu lién tuc dén dau
voi in. Nhu da dé cap trudc, muc in trong nghién ctiu
nay 1a phdi liéu bun gém st, vi vy d€ muc in cé thé
chay lién tuc va cdc hat vét liéu nén chat lai v6i nhau,
mod hinh hé théng bom co hoc xy-lanh va pit-tong ¢
thé ddm bao dugc viéc nay. Dya trén y tudng mo hinh
hé théng bom hut ding trong thuc phim %, bo cdp
liéu da dugc thiét ké gdbm mot bo 6ng bom xy-lanh
va pit-tong c6 dung tich 50cc (chtia muc in) va mot
hé théng truyén dong theo co ché truyén dong truc
vit, bién dai tit chuyén dong quay (cung cép tii dong
co budc NEMA) sang chuyén dong tinh tién (tao luc
ddy pit-tong va ép vat liéu ra ngoai). Trong do, cac goi
d6 xy-lanh, pit-tong va bé 45 dong co cé tic dung hod
trg va c6 dinh céc chi tiét. Nhiing géi d& nay cling
dugc thiét ké trén phdn mém Inventor va sau d6 dugc
gia cong tao hinh bing phuong phap in 3D nhya PLA
(d0 phan giai 0,2mm, nhiét d6 in 210°C, d6 day thanh
0,8mm; do dac vat thé 100%; dudng kinh sgi nhya
nap vao 1,75mm; duong kinh mdi in 0,4mm; t6c do
in 30mm/s) (Hinh 3). Ngoai ra, cac chi ti€t mdy cin
thiét khéc cho viéc ché tao 1ap rap dugc thé hién trong
Bang 2. Thém vao d6, dé két hgp voi b cdp lidu
can phai c6 mot dau voi in phtt hgp, tii nghién ctu
clia Gaoyan Zhong ', viéc thiét ké dau voi in cin chi
trong dén vi tri “viing chét” cia dau voi (Hinh 4a), tai
khu vyc d6 dong vat liéu dling yén, khong thé chuyén
dong gay nén mot phan luc can tré dong liéu. Phan
lyc nay khién cho ap luc nén dong liéu ting 1én va c6
thé dan dén tit nghén dong liéu. D€ han ché “viung
chét” nay, Zhong da dé xudt cai tién md hinh dau voi
in nhu Hinh 4b. Tt d6, ddu voi trong nghién cttu nay
dugc thiét ké thong qua phan mém Inventor dya trén
su cai tién clia Zhong va cling dugc tao hinh in 3D
nhya PLA (Hinh 5). D6ng thoi, 6ng nhya PU (dudng
kinh ngoai 12mm va dudng kinh trong 8mm) két néi
d4u in vé6i xy-lanh gitp dan dong muc tii xy-lanh dén
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; Thiét ké miu in
| trén AutoCad

B6 mach
BOB Mach3 /—
va Driver

‘ | Khung méy in

San pha
Mach MKS : ; ﬂ'? p am;
StepTest OSC Sdy va nung két
P khéi hodc c6 thé
=1 trang men

Hinh 1: Nguyén ly hoat déng ciia may in 3D.

Hinh 2: M6 hinh khung may in dugc xay dung bang phan mém Inventor.
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(d)

Hinh 3: Géi d6 dau xy-lanh (a), g6i d& than xy-lanh (b), géi dépit-tong (c) va bé d& dong co (d).
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Thanh vo1
N\

Ving chét
—=

Dong liéu

(a)

Hinh 4: Dau voi in véi thanh voi vuéng (a) va xién (b).

mii in. Sau cung, dong co budc NEMA dugc diéu
khién béi mach MKS StepTest OSC va Driver A4988
v6i cac ché d6 hoat dong khac nhau ctia dong co budce
ludng cuc nhu: Full, 1/2, 1/4, 1/8 va 1/16.

NGUYEN LIEU VA MUC IN

Trong viéc nghién ctiu ché tao mdy in 3D, hai thong
s0 ca ban va quyét dinh trong qua trinh in nhdm xéc
dinh dugc loai hinh san phdm ma mdy in c6 thé tao
rala méay in va muc in '2. Phy thudc vio cac tinh chit
riéng biét cia nhiing loai myc in khdc nhau ma két cau
clia may in c6 thé phai thay d6i cho phit hgp v6i muc
in. Ngoai ra, tli thuc nghiém nghién cttu ctia Revelo va
Colorado?, cho thdy sy kha quan ctia viéc sti dung ky
thuat in 3D cho vat liéu cao lanh. Pong thoi, sau qua
trinh thit nghiém véi nhiéu loai vat liéu khéc nhau,
c6 thé€ thdy loai vét liéu kha thi phtt hgp cho mdy in
la samot va cao lanh. Céc nguyén liéu nay khong c6
d6 déo cao, pht hgp cho viéc luu chuyén trong 6ng va
khong qué bam dinh vao hé thong dan. Phuong phép
in 3D hoat dong theo co ché 16p chong 16p '3, samot
va cao lanh dugc stt dung déu dong vai tro nguyén liéu
gdy. Tu do, tang kha ning gia cudng cho cac 16p vat
liéu, gitp két cdu vét thé in han ché su d6 sup va c6
thé chong 16p 1én nhau. Bén canh d¢, viéc gia ting
thanh phin nguyén liéu giy gitp gidm lugng nudc
sti dung cho phéi liéu va han ché hién tugng niit vo
khi sdy va nung, dong thai giup qua trinh in 6n dinh

Truc nén

(b)

hon. Ngoai ra, cao lanh ¢6 thanh phan lan mét s6
khodng déo, gitp cho phéi liéu c6 do déo nhét dinh,
du kha ning két dinh cac hat liéu r6i v6i nhau. Do
d6, muc in trong nghién ctiu nay dugc phdi tron tu
hai thanh phan chinh la samot va cao lanh, véi thanh
phéan héa dugc phén tich bang phuong phép huynh
quang tia X (XRF) va thé hién trong Bang 3. Trong
d6, samot va cao lanh dugc phéi tron véi nhau theo
ty 1é cdp phoi & Bang 4. Nhim gitp gidm lugng nudc
phdi tron va gia ting do linh dong ctia phéi liéu, phu
gia STPP (Sodium Tripolyphosphate) dugc thém vao
thanh phén cua phéi liéu.

KET QUA VA THAO LUAN

B¢ truyén dong va bd cép liéu ctia mdy in 3D dugc
ldp rép ché tao hoan thién va dugc thé hién trong
Hinh 6. Sau nhiéu lan thii nghiém khong tai va diéu
chinh cdc théng s diéu khién, budc ddu cho thdy
mdy in da dat dugc su 6n dinh nhédt dinh. Trong
d6, van tdc di chuyén mii in cyc dai dugc ¢§ dinh
& khoang 8,3mm/s v6i gia t6c 1a 500mm/s> (van t6c
in bién thién trong thoi gian rt ngin gitt cho mai in
di chuyén lién tuc). Bén canh, ting v6i muc in M1 téc
d6 quay ctia dong co trong bd cdp liéu roi vao khoang
13v/p, tuong tng véi t6c do dong liéu 0,22g/s, cho
dong liéu 6n dinh lién tyc va phtt hgp véi vén tc in.
Ngoai ra, tity theo yéu cdu ky thuét, van téc in c6 thé
tang 1én hodc gidm xudng va toc do dong liéu khi d6
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Bang 1: Tém tat cac linh kién si dung cho ché tao khung may in

Tén linh kién

Nhom dinh hinh 2020EU

Thanh truot

B¢ truyén truc vitme

Khép néi dai 6¢ vitme

O bi trugt

Ke goc
Géi do

Bu-16ng luc giac

Dai 6c chit T

Dong co buéc NEMA17

Khép néi truc

Thong s6 ky thuat

o Tiét dién: 20x20mm
e Chiéu dai: 400mm

e Dudng kinh: 8mm
e Chiéu dai: 400mm

e Duong kinh: 8mm
o Chiéu dai: 250mm

Puong kinh: 8mm

DPudng kinh: 8mm

Kich thuée: 20x28mm
DPuong kinh 8mm

e Dudng kinh: 5mm
o Chiéu dai: 8mm

DPudng kinh 5mm

e Chiéu dai: 34mm
e Cuong do dong dién: 1,2A

DPudng kinh tryc: 5mm va 8mm

Cong dung

Tao khung mdy, chiu luc, ndng d& va bao vé

két cdu may.

DPinh hudng céc truc truyén dong, git cic co
cdu mdy khong 1éch khoi huéng chuyén dong.

Bién ddi chuyén dong quay thanh chuyén
dong tinh tién. Qua do, dan dong cac két ciu

va mii in dén vi tri cin in.

B¢ phan trung gian giup lién két gi d6 vitme
v6i céc két cdu khac. Péng thai, c6 téc dung
nang do cac két ciu.

Két hop véi thanh trugt gitp dinh huéng truc
chuyén dong va 6n dinh cdc truc.

Lién két cic thanh nhém dinh hinh.
C6 dinh hai d4u thanh trugt

Két hop cuing dai 6¢ chit T gitt c6 dinh cac chi
tiét két cdu trén thanh nhém dinh hinh.

C6 dinh chi tiét két cau

Truyén dong cho truc vitme

Lién két truc dong co va truc vitme

Bang 2: Tém tat cac linh kién st dung cho ché tao bd cap liéu

Tén linh kién

Truc vit

Thanh trugt

Pai ¢ luc gidc

O bi trugt

Nho6ém dinh hinh

Dong co buéc NEMA17

Khép néi truc

Bu-l6ng va dai 6c chii T

Thong s6 ky thuat

o Duong kinh: 8mm
o Chiéu dai: 450mm
o BuGc ren: 1,25mm

o Duong kinh: 8mm
o Chiéu dai: 420mm

e Dudng kinh: 8mm
o Chiéu day: 6,44mm
e Budc ren: 1,25mm

e Dudng kinh ngoai: 15mm
e Dudng kinh trong: 8mm
o Chiéu cao: 24mm

o Tiét dién: 20x40mm
e Chiéu dai: 500mm

o Chiéu dai: 48mm
o Cuong do dong dién: 1,5A

Puodng kinh truc: 5mm - 8mm

e Dudng kinh: 5mm
o Chiéu dai bu-16ng: 8mm

Cong dung

Bién d6i chuyén dong quay thanh
chuyén dong tinh tién.

binh hudng truc truyén dong.

Két hop véi truc vit truyén dong

Két hop v6i thanh trugt tron gitp
dinh hudng truc chuyén dong.

St dung lam d€ c6 dinh cac két cdu,
chi tiét.

Truyén dong cho truc vit.

N6i truc dong co va truc vit.

C6 dinh cdc két ciu, chi tiét trén
thanh nhém dinh hinh.

Slé
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Bang 3: Thanh phan héa cia nguyén liéu samot va cao lanh

SiO, ALO3; KO Fe,O3 TiO, ZrO, CeO; PbO MgO Oxit MKN

khac 1000C
Cao lanh 55,52 29,18 2,32 2,14 1,59 0,22 0,12 0,12 0,00 0,25 8,53
Samot 77,50 16,00 1,60 2,96 1,26 0,26 0,00 0,00 0,14 0,28 0,00

(b)

Hinh 5: (a)Dau phun dugc thiét ké trén phan mém Inventor va (b) dugc tao hinh in 3D nhua PLA.

Bang 4: Bang cap phéi
M1 theo thanh phan
phan tram khéi lugng

Caolanh (%) 40
Samot (%) 60
STPP (%) 1,2

Do &m (%) 19,5
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®)

Hinh 6: May in 3D véi cac géc chiéu khac nhau (a) va (b) mé hinh héthéng cap liéu hoan thién.

sé thay d6i tuong tng. Tuy nhién, viéc ting 1én cua
van téc in khéng dam bao dugce tinh 6n dinh ctia may
(mdy rung giat), boi vi d€ gitt mai in chuyén dong lién
tuc gia toc cing sé tang 1én va din dén sy ting 1én cua
luc quén tinh. Hon nita, khi tdc d6 in qué nhanh, cac
16p vat liéu chua kip bay hoi 4m (d¢ 4m van con cao)
nén kha ndng chiu luc hay kha nang nang da gitia cac
16p vat liéu van con yéu, mau in sé dé bién dang.

D6i véi muc in M1, sau khi dugc ting dung vao may in
va thuc nghiém in khéi tru (dugc thiét ké trén phan
mém Autocad két hop st dung Geode lép trinh quy
dao chuyén dong ctia miii in trén file text) c6 dudng
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kinh trung binh 60mm, d¢ cao 200mm tuong duong
100 16p (Hinh 7a), nhé4n thay tai d§ cao l6p thu 67,
khéi tru bat ddu mat can bing va xuét hién hién tugng
nghiéng d6 (a>0) vé bén trdi (Hinh 7b). Dén 16p thi
69 khoi tru 1éch khoi quy dao in va d6 sup hoan toan
(Hinh 7c). Vi vy, ting v6i muc in M1 va hinh dang
khoi tru kich thudc nhu trén, d6 cao 16p thu 67 la do
cao t¢i han ctia mau in trong m6 hinh thiét ké nay.
Ngoai ra, trong qua trinh in, khi truc x chuyén dong
trong bién d¢ 16n (>100mm), da phat sinh hién tugng
mau vat nghiéng vé phia bén trdi (b> 0), hay mai in
da di chuyén 1éch khéi quy dao in (1 - 2mm) vé chiéu
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100 16p
(200mm)

(a)

20mm

(b)

Hinh 7: (a) Hinh tru tron dugc mé phéng 3D; khéi tru dugc in 3D tai d6 cao I6p thit 67 (b) va I6p thi 69 (c).
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v

X (mm)

Hinh 8: (a) Mau in 3D ky tu phuic tap khéng qua diéu chinh va (b) da qua diéu chinh toa db truc x trong file

Gcode.

am cua truc x sau mdi 16p in (Hinh 8a). Dy ciing
chinh la mét trong nhiing nguyén nhén dan dén sy
d6 sup cta khoéi try trén. Do d6, mudn dat duge do
chinh xéc cao trong cic budc chuyén dong cta truc
thi yéu ciu ché tao céc truc va dai 6c vitme phai dap
ung dung sai t6i thiéu trong khoang 50 - 150 m m.
Bén canh, ¢4 thé khéc phuc vin dé trén bing viéc diéu
chinh toa d¢ truc x ctia mau in (+1 hodc +2mm) trong
file Geode (Hinh 8b). Tl nghién ctiu trudc ctia Revelo
vé muic in cao lanh cho méy in 3D 3, cho thiy bé mit
in cang tho rap hodc thdm hut thi I6p in dau tién cang
6n dinh va lién tuc. Tuy nhién, trong nghién ctu nay,
bé mat in con anh hudng dén do hoan thién ctia mau
in trong qué trinh thoat hoi &m. D3&i v6i bé mat thuy
tinh thong thudng (Hinh 9a), ¢ hién tugng bam dinh
tai bé mit ti€p xuc gitia muc in va thay tinh, do bé
mat thaty tinh thyc t€ khéng tron nhan hoan toan. Ti
d6, xudt hién lyc ma sat Fy, gitia bé mit in va mau
vat ¢6 chiéu hudng chdng lai luc co ngét Fe, sinh ra
trong qua trinh bay hoi 4m (& khoang 30°C - nhiét
do phong) , gay nén ting sudt ndi gitia cac 16p vat liéu
va khién cho miu in bi ntt vé (Hinh 9¢). D3&i véi bé
mit thay tinh dugc phtt mét 16p d4u hodc 16p chdng
dinh (Hinh 9b) d€ han ché sy ma sat tai bé mat tiép
xuc, do d6 ting sudt ndi ciing gidm di ddng ké va qud
trinh co lai cia mau in dién ra déu hon, han ché dugc
hién tugng nit ran.
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Sau cuing, tién hanh thyc nghiém in cidc mau in c6
nhiéu hinh dang va kich thuéc khéc nhau (ti don gian
dén phic tap), dugc thé hién trong hinh 10. Céc mau
in don gidn nhu cac hinh try, hinh hop chii nhét, hinh
ling try tam gidc déu, da dugc thyc hién trén méy in
3D (hinh 10-a). Tt d6, mau in dugc thiét ké nang cao
thanh cdc hinh déng chii cdi la tinh, hén ty (hinh 10-
b) va thdm chi la cic hinh dang phtic tap nhu binh
hoa hay mét hinh déng bét ki (hinh 10-c). Cac san
phém in sau d6 dugc nung két khdi & nhiét d6 1000°C
v6i toc do nang nhiét 4°Chut, budc ddu danh gid cam
quan cho thdy cdc mau san phdm dat dugc mot dd bén
co Iy nhét dinh. Bén canh do, c6 thé phéi tron thém
bot mau (5 - 10%) vao thanh phéan phdi liéu myc in,
giup tang tinh thdm my va nghé thuat hon cho san
phédm sau khi in (hinh 10).

KET LUAN

Hé théng méy in 3D duya trén mo hinh kiéu toa do
Decartes dugc xay dung véi cac tinh ndng phtt hgp va
hoat dong tuong d6i 6n dinh. Trong d6, véi van téc
cuc dai cia mai in 8,3mm/s va t6c d6 dong liéu tuong
ting 0,22g/s cho phép mdy in hoat dong 6n dinh. Bing
phén mém diéu khién Mach3, hé théng c6 thé thuc
hién cic thao tac in vdi cac khéi hinh khéac nhau tu
don gian dén phic tap. Tuy nhién, vin con nhiing
thiéu sot trong hé thdng nhung c6 thé khic phuc.
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Lap vit lidu [

_,  Bé&mit thiy tinh

- |

Hinh 9: Mau vat dugc in trén bé mat thay tinh khéng dugc pha dau (a) va (b) dugc phi dau; (c) Tuang tac luc

trong qua trinh bay hoi dm.

Thém vao d6, v6i ddu phun muc dugc thiét ké doc lap
v6i khung may, cho phép viéc thio 1ap dé dang, thuan
lgi cho viéc thay déi kich thudc mai in va giam dugc
tai trong ctia d4u in 1én truc z. Bén canh d6, hé théng
cép liéu cling c6 thé dé dang thay déi sao cho phu hgp
v6i cac loai muc in khac nhau, vi vy may in trd nén
linh hoat hon va da dang hon vé nguén muc st dung.
Ngoai ra, tli cic thuc nghiém cho thiy muyc in M1 hoat
dong trén mdy in tuong d6i 6n dinh va hiéu qua, cac
mau in dat dugc do hoan thién tuong d6i cao. Budc
dau danh gid cdm quan cho thdy cic mau san phdm
dat dugc do bén co Iy nhét dinh, mac du d6 co va do

sut van con cao. Hon nifa, tit két qua cho thdy khi
thao tc in trén bé mét chéng dinh, mau vat in sé han
ché dugc sy nit v trong qud trinh thodt &m. Cung
v6i viéc phéi tron thém bot mau cé thé gitp gia ting
tinh thdm my cho san phdm. Tu do, tao tién dé cho
viéc nang cao quy mé va ting dung ky thuét in 3D cho
vat liéu muc in goém st vao thuc t€ v6i muc dich tao

hinh, trang tri my thuat cong nghiép hodc dan dung.
DANH MUC CAC TU VIET TAT

AM: ky thuét in 3D - Additive Manufacturing
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Hinh 10: (a) Mau in 3D hinh dang dan gién; (b) hinh déng ky tu va (c) hinh dang phuc tap

SCARA: m6 hinh diéu khién canh tay robot — The Se-
lective Compliance Assembly Robotic Arm

ME: phuong phap dun ép vat liéu — Material Extru-
sion

CAD/CAM: thiét ké c6 sy trg giup ctia may tinh —
Computer- aided Design va cdng nghé gia cong c6 su
trg gitp clia mdy tinh - Computer- aided Manufac-
turing

PLA: nhya nhiét déo phan hay sinh hoc dung lam
muic in cho mdy in 3D - Polylactide Acids

XRF: phuong phép phan tich thanh phin hoéa bing
phuong phap huynh quang tia X - X-ray Flourescence
STPP: phu gia giam lugng nudc phoi tron va gia ting
do linh dong cuia phdi liéu - Sodium Tripolyphos-
phate

XUNG POT LOI ICH

Nhém téc gia xin cam doan rang khong c6 bat ky xung
dot l¢i ich nao trong cong bd bai bao.

PONG GOP CUA TAC GIA

Triéu Chi Can déng gép thu thap tai liéu, chuén bi
nguyén liéu va muc in, vdn hanh mady in, thu thap s6
liéu tii két qua thuc nghiém va viét ban thao.

Nguyén Minh Thién, Lé Quan Thién Toan, Pam
Manh Quyén déng gop thiét ké, ché tao, vén hanh
mdy in.
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Tran Anh Tt dong gop van hanh mady in, két qua thuc
nghiém, thao luan.

Nguyén Ngoc Tri Huynh dua ra y tudng, chinh stia
ban thao.

Nguyén Khanh Son dinh huéng chung, két luan
nghién ctiu va kiém tra ban théo lan cudi.
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Developement of 3d printer for silicate-based materials

Chi-Can Trieu', Minh-Thien Nguyen', Thien-Toan Quan Le', Manh-Quyen Dam’, Anh-Tu Tran’,
Tri-Huynh Ngoc Nguyen'2, Khanh-Son Nguyen'"*

O 00|

b\ ABSTRACT

A ] 3D printer and 3D printing technology are now considered as one of the key factor in the manufac-

- turing industry. In the near future, we could envisage different application of 3D printing method
Use your smartphone to scan this in the sector of materials processing and production. In the sector of civil engineering, they existed
QR code and download this article somewhere some construction works developed with 3D printing technology. In this study, we

aim to manufacture laboratory-scale printers with nozzles and extrusion feeding systems suitable
for paste such as the case of clay-based materials of silicate industry. The movement system was
encoded and controlled via the motherboard (Mach 3 controller software). Stepper motors and
shaft drives were also implemented in the frame element of such printer. The feeding system was
designed based on the extrusion method including cylinder and piston element. Based on that,
sample size 200x300x300mm was available for operation testing. Concerning the performance of
the instrument, we have obtained printed specimens with different geometric shapes with com-
plexity. From the obtained result, we also discussion on the feasibility up scaling the study and
developing a 3D printer for silicate based materials.

Key words: 3D printer, silicate processing, printing ink, clay-based paste
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