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TOM TAT

Bai bdo trinh bay két qua nghién citu thiét ké va ché tao hé may in 3D kho rong. Hé thong bao
§0m cd cdu cd khi dang 3 truc tinh tién, bo diéu nhiét dau dun va bé diéu khién ty dong. Mot so gidi
phdp dé xudt nham tang dé dong déu, do chinh xdc cao cho mdt thé tich in 16n nhu thiét ké drivers va
gidi thudt diéu khién phii hop, gia tang do ciing vitg dugc ép dung.

May ¢ cdc tinh nang kj thuat nhu sau: Cong nghé in: FDM; Vit liéu nhua: PLA, ABS; Kich
thudc in 1200(X) x 610 (Y) x 1200 (Z) mm; Dé phan gidi truc: X, Y, Z: 5, 10, 1 um tuong ving; Toc dé
in: 150 mm/s; Chiéu cao l6p in: 50-800 um; File in: Geode, STL file; Bo ddu in: 0.4, 0.6, 0.8, 1.0, 1.2
mm; Két noi mdy in 3D va dit liéu: SD, USB, Wifi, Internet; Firmware: Marlin.

Tu khoa: Mdy in 3D FDM; Mdy in 3D khé rong; Diéu khién mdy in 3D.
ABSTRACT

The paper presents the resulls of research on designing and manufacturing large scale 3D printer.
The system consists of a 3-axis cartesian mechanism, an extrusion head with temperature control and an
automatic control controller. Some solutions such as design drivers and control algorithms appropriately,

increase rigidity are applied to increase uniformity, high accuracy for a large print volume.

The machine has the following technical features: Print technology: FDM; Plastic material: PLA,
ABS; Print size 1200 (X) x 610 (Y) x 1200 (Z) mm); Axis resolution: X, Y, Z: 5, 10, 1 pum respectively;
Print speed: 150 mm / s; Printing layer height: 50-800 um; Print file: Geode, STL file; Printhead set: 0.4,
0.6, 0.8, 1.0, 1.2 mm; 3D printer connection and data: SD, USB, Wifi, Internet; Firmware: Marlin.

Keywords: FDM 3D printer; Large scale 3D printer; 3D printer control,
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1. GIOI THIEU

Cong nghé in 3D (3D Printer) la mot
thanh t6 co ban trong céng nghé 4.0, cho phép
tao mot san phdm bang cach ty dong bdi dip
dan cac 16p vat liéu (gidy, nhya, kim loai,...)
theo mét ban vé hay mot mé hinh 3D thiét ké
trudc trong méy tinh, thay vi phai cat got phoi
nhu gia cong san phdm truyén théng. Do dd,
cong nghé in 3D cho phép tao san phdm nhanh,
dé dang, tuy bién va tiét kiém, gop phan dap
ung nhu cdu cap bach ciua doanh nghiép trong
thoi ky canh tranh toan ciu hién nay. Mdy in
3D khéng chi tao mau nhanh (prototype) dé
kiém tra, ki€ém dinh, ma con cho phép sin xuit
loat nho, gia thanh thap ma khong phai ché tao
khuén mau tén thoi gian va chi phi.

Cac cong nghé va thiét bi in 3D tao mau
nhanh chu yéubao gém: Cong nghé SLA (Stereo
Lithography Apparaturs) st dung tia laser hoa
ran polymer nhay sang long); Coéng nghé SLS
(Selective Laser Sintering): st dung tia laser
dé thiéu két vat liéu bot (nhua, kim loai, thach
cao); Cong nghé 3DP két hgp tao 16p SLS véi
cong nghé in phun 2D dé lién két cac 16p; Cong
nghé LOM (Laminated Object Manufacturing)
st dung tia laser d€ cat vat liéu (gidy) dang tdm
va két dinh cac 16p véi nhau; Cong nghé FDM
(Fused Deposition Manufacturing) st dung vat
liéu noéng chay dun qua dau phun tao hinh, sau
dé déng cling. Hai loai may in 3D kiéu FDM
phd bién la co cdu 3 truc tinh tién va robot song
song loai Delta. Robot 3D kiéu tinh tién c6 uu
thé la st dung vat liéu nhua va ép dun nén co
tinh linh déng cao va cho phép san xudt san
phém kich thudc 16n - 1a déi tugng lya chon
ctia nghién ciiu nay.

Cong nghé in 3D FDM kiéu 3 truc tinh
tién gom cdc thanh phan: May tinh két néi chiia
phan mém thiét ké san phdm 3D; Thiét bi in

3D (Hinh 1) gébm: Ddu dun (b) dugc gan voi hé
thong dich chuyén X-Y va tdm san (e) gin véi
truc Z nang/ha. Vat liéu (a) dugc nung chay &
ddu dun va dugce rai thanh 16p bén trén san (e)
trong giGi han tao hinh dinh trudge.

fi-fij ——— ‘:;;f:::fé

Hinh 1: Mdy in 3D FDM [1]

Phin mém thiét ké mo6 hinh CAD 3
chiéu dua trén cac chuong trinh co sd nhu:
Solidworks, ProE,... Hodc c¢é thé st dung mot
tap tin CAD cd tu trudc, hoic tao mdi bang thiét
bi Scanner 3D. Phan mém chuyén déi mé hinh
CAD sang dinh dang STL (stereolithography -
la quy tich cta cic mit tam gidc phing lap rap
lién tuc vdi nhau thé hién bé mit cta vit thé
trong khong gian ba chiéu). Phin mém cat file
STL: thuc hién tién xt ly file STL, cat file STL
thanh nhiing tiét dién theo thd tu trén truc Z,
cho phép nguoi diing diéu chinh kich thudc, vi
tri va huéng dat, dé mé hinh. Sau d6, mo hinh
mot 16p maéi dugc xay dung trén dinh caa 16p
trudc do.

May in 3D dé dugc phat trién rit manh
trong nhiing nam gan déy véi gia thanh tu vai
tram USD (mdy FDM vdéi vit liéu nhua) téi
hang triéu USD (may in 3D vat liéu kim loai).
Mot s6 nha san xudt may in 3D tiéu biéu nhu
dong may in 3D cua Systems ProX DMP 350 2]

hay Makerbot [3]. May in 3D khé rong BigRep 5
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One v3 [4], MacroMakeriT (My) [5] cho phép
tao sdn pham tsi 600 mm x 1200 mm véi gia
$8.000.

Vin dé phat trién, lam cha cong nghé
may in 3D da dugc giéi chuyén mon trong nuée
quan tam, dac biét 1a cic san phdm st dung
cong nghé FDM dun ép vit liéu nhya. Mt s6
san phdm nghién ctu ctia Phong Thi nghiém
Trong diém (DCSELAB) ctia Pai hoc Quéc gia
TP.HCM [6 - 9] da thiét ké ché tao may in 3D,
cho phép tao san phdm céng nghé dun sgi nhya
v6i ban mdy 3D cho sian phdm kich thudc nho
270 x 250 x 250 mm, do chinh xéc dat +0,25
mm. Trén thi trudng hién c6 nhiéu mau mdy in
3D noi dia. CGen [10] da tich hgp mdt céc chi
tiét d€ tao may c6 do cing viing cao, cho do nét
cao, do day méi Iép in tit 0.1mm dén 0.3mm.
Gia ban: 4.990.000 VND.

Hién nay, nhu cdu tao ra cic san pham
in 3D kich thudc 16n 1a vin dé dugc dit ra.
Theé hé may in 3D khé 16n sé ho tro dic luc cho
thiét ké kién truc, xay dyng, co khi, my thuat
va in dn quang céo, studio,... gitp cic doanh
nghiép tao ra san phdm mau mot cich nhanh
chong va t6i uu d€ kiém tra, thi nghiém va diéu
chinh thuc t€ tridc khi tién hanh san xudt hang
loat. Do do, doanh nghiép tiét kiém thoi gian
va chi phi ché€ tao mau. Mady in 3D kho l6n la
san phdm cong nghé c6 nhu cdu I6n trong thuc
té€ san xudt trong nudc. Viéc nghién ciiu, phat
trién san phdm thudc cong nghé 4.0 1a co tinh
cap thiét.

2. THIET KE, CHE TAO MAY IN 3D KHO
RONG

2.1. Lua chon ciu hinh mdy in 3D khé rong
kiéu FDM

Céu hinh may in 3D khé rong dugc
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thiét ké theo ciu hinh 3 truc tinh tién (Hinh
2), gom cac thanh phan: Hé théng 3 tryc diéu
khién déu phun di chuyén theo toa do X-Y va
san giuong in theo truc Z; Bg gia nhiét 1am chay
day nhua gan véi ddu phun; Co cdu d& va him
nha cudn diy nhua, sti dung motor nha day;
Co cau dan day va banh xe quay kéo day nhua;
Quat lam miét san phdm; Go6i do tao khodng
trong bén trong sdn pham; giuong in, san mdy;
Khung may va b diéu khién,

Motor nha day

//.
Co cay . S g
1?? 1 Biau gia nhiet
3 1 Ly ] -
Biau phun
Déy nhwra nong cndy |

Giudng in

Hinh 2: Cdu hinh mdy in 3D khd rong 3 truc
tinh tién

2.2. Céc vin dé vé dong hoc mdy in 3D khd rong

May in 3D 3 truc tinh tién thudc vé ciu
hinh robot tuyén tinh Descarter, gébm 3 truc
chuyén dong theo cac dudng thang (tuyén tinh)
vuéng goc voi nhau X - Y - Z, ma truc cla
chung trung véi hé truc toa do6 Descaster. Bai
toan phan tich vi tri (xdc lap vi tri clia du tac
dong cudi so véi tam d€) nhim phuc vu cho lap
trinh diéu khién dinh vi chinh xac. Do d9¢, bai
todn gidi tich vi tri gém vi tri thuan (déng hoc
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thuan) va vi tri ddo (dong hoc nguoc) cin dugc
gidi quyét. Poi véi dong hoc thuin, cic bién
khép ndéi duge biét trude, bai toian can tim vi
tri cia ddu tac dong. Dai véi dong hoc ngugc,
vi tri ctia dau tac dong dugc biét, bai toan cin
tim céc bién khdp can d€ dua dau téc dong dén
vi tri mong muon.

Viéc xay dung bai toan dong hoc
cho may in 3D c6 thé 4p dung phuong phdp
Denavit-Hartenberg (D - H) danh cho robot
toa d¢ tuyén tinh.

Phuong phép thong s6 Denavit-
Hartenberg (Quy udc thong s6 D-H) dugc
Jacques Denavit va Richard Hartenberg dé xuat
la mét trong cac phuong phép dugc ting dung
rong rai dé gidi cac bai toan dong hoc cho robot
[11, 12]. B6 thong s6 D-H gitp ta xdc dinh vi tri
va huéng clia mot khau so véi khéu trude n6 va
so vai hé toa do goc.

Viéc chon hé toa d6 co sd va gin cic hé
toa d¢ co s¢ lén cac khau theo phuong phép
D-H thuc hién nhu trén Hinh 3.

L) BI---—-“ P

Hinh 3: Chon hé toa d6 co sd va gan cdc hé toa do co
sd lén cdc khdau robot Descarter [13]

T hé toa d¢ dugc gin, lap bang thong
s0 D - H cho robot toa d6 Descarter nhu sau:

Bang 1: Bdng thong s6 D-H cho mdy in 3D khd rong

-—
K iﬁp | i ai di 6i l‘i

1 1 0 0 0 r,

2 1 | -90° 0 90° i

3 1 90° 0 (93 r,

F - 0 d, 0 0

o.: Bi€u thj loai khép: o = 0 khi la khép
xoay, va a, = 1 khi la khép trugt; a: La goc gitta
cdc truc Z, | va Z tuong ung vé6i su quay quanh
X, s d: La khodng cach gitta Z | va Z doc theo
X3 0;: La goc gitia cdc truc X va X tuong ting
vGi su quay quanh Z; r: La khoang cach goc
gitia X, | va Xi doc theo Z..

Can cu vao Bang thong s6 D - H (Bang
1) va ma tran D - H, ta xdc dinh dugc ma trin
toa do cia mot khéu, tit d6 c6 thé thiét lap ma
trdn bién doi 4x4 lién hé vai hai toa do lién tiép.
Ma tran bién déi két qua 1a [13]:

0 0 1 7
0 1 0 r

0T — O I 2 3TF —

T,="T'T/T T =|-1 ¢ o g-dy| (1)
0 0 0 1

Mo hinh dong hoc robot biéu thi cic
quan hé tinh toin toa d6 hoat dong, dua ra vi
tr{ ctia khau cudi F theo cac toa do khop [149]:
X =F (q), trong d6 vecto cua toa do khép co
gidila: q = (r r,r,)" vavi tri cia khau cudi la: X
= (e 2"

Mo hinh dong hoc cho van téc cta
khau cudi X = (&7 & )7 theo téc do khap
i = (_cfl f5 #3)7, st dung ma tran Jacobi J(q),
ta co:

F;(q)

X=fg@q = ¢=JDX]; = o5,
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M6 hinh dong hoc thuén nhan dugc tu
mod hinh hinh hoc thuin:

Xp =13, Vg =155 Zp = 1 (3)

Mé hinh déng hoc ngugc nhan dugc tit
mo hinh hinh hoc ngugc:

3 :X.F;r.z =¥ ;f1 =zy + d; (4)

T cac biéu thic dong hoc thudn (3), ta
¢6 ma trdn Jacobi:

0 0 1
[=[0 1 ol (5)
100

Cac cau hinh nay cho nghiém det (J) =
0. Taco:det (J)=-1# 0, do d6 robot toa do
Descarter khong c6 cau hinh di thuong.

2.3. Nghién ciiu cdc giai phap ning cao chat
lugng san phim trong may in 3D khé rdng
theo cong nghé¢ FDM

Cdc thanh phédn chinh quyét dinh dén
chdt lugng san phdm in 3D bao gém: 1) Co hé
dich chuyén tuyén tinh 3D; 2) Bo diéu khién
in 3D (phan cing + phan mém); 3) Cum dun
phun nhya tao hinh. Céu hinh co khi cho may
in 3D dugc dé xuit thiét ké nhu trén Hinh 4.

Hinh 4: Bdn thiét ké khung chinh mdy in 3D
2.3.1. Thiét ké co khi ciing vitng va cin bang

May in 3D thuyc hién vidn hanh déu
phun chuyén dong trén mit phing nam ngang
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X va Y va giudng in chuyén dong theo truc Z
thing ding dé tao san phdm in 3D. Véi diéu
kién vat liéu hién nay co thé chon giudng in
viia nhe, vira phing va c6 do ciing tét. Khi phin
co khi khong cting viing, dau dun bi rung va
¢ thé tao ra soi 16i xudt hién gan giéng nhu
chuyén dong mao xung quanh cdc canh hodc céc
chi tiét dac biét, lam gidm chat lugng bén in.
Khung suon may in 3D can dugc thiét ké c6 do
cuing viing cao d€ tranh may bi rung lac khi van
hanh in 3D. Khung mdy c6 thé tao tif cic thanh
thép han hodc inox 302. Cac khép noi phai co
do ciing viing va chiu rung dong va dap tét dé
giam thiéu t6i da kha nang géy ra sai s6 khi gia
cbng.

Bo truyén dong vit-me - dai ¢ (vit-
me bi) khi dugc dan dong bang motor sé dich
chuyén céc con lan lam bang thép, cé do chinh
xac cao (Hinh 5). Khép d& truc chuyén dong la
thanh phan ¢6 dinh va chiu luc cho truc Z dugc
thiét ké chinh xdc (hinh 6), c6 d¢ dong tam
cao d€ khi lap rap cac thanh phan khong bi sai
s6. Didc biét 1a phai ddm béo do diing thing dé
giudng in va mit phing X-Y song song nhau.

AN

Hinh 6: Khép dé vit-me va mat bich gan & bi truc Z
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Can diéu chinh chinh xdc cén bang va
khoang cich dau dun dugc dat ding. Khe ho
ban dau giiia dau dun va giuong in phai bing
chiéu cao ldp in dugc thiét ké.

Trén Hinh 7 1a cdc ban vé cac chi tiét
cua by dan dong truc X-Y.

Goi dé puly

fruc x

Goi d& puly
ruc v

Hinh 7: Puly va bg ga motor truc X - Y

bai v6i may in 3D khé rong, viéc st
dung truc vit dai c6 thé dan téi sy rung diu
phun nhya khi chuyén déng & téc d6 cao. Chinh
vivay, viéc chon bdn kinh truc vit va téc d6 dich
chuyén phu hgp la quan trong dé dam bao do
chinh xdc dat ra. Trong cong trinh nay, chiing
toi chon truc vit-me 20 mm va t6c do in la 150
mm/s. Thuc nghiém cho thdy ddu in chuyén
dong ém va khong bi rung lac. Trong cdu hinh
thiét ké, 4 dong co dugc dit 4 goc, sé tao luc
tdc dong déu v dong bo 1én giuong in. Ngoai
ra, may con dugc bé sung 4 co cdu dan hudng
cho truc Z (Hinh 4), véi 6 truc dan hudng dugc
thiét ké nhu trén Hinh 8.

Hinh 8: O truc thanh dén huéng truc Z

2.3.2. Gidi phdp han ché sai s6 dinh vi ddu dun
mdy in 3D kho rong

Viéc slt dung encoder - thudc quang dé
thu nhan di liéu dinh vi gti vé b6 diéu khién
cho phép dat do chinh xdc dinh vi cao. Tuy
nhién, gidi phap nay dit tién. Trong hau hét céc
may in 3D déu st dung dong co budc, 1a dang
dong co 0, cho phép diéu khién chinh xdc vi tri
dau in. Chinh vi vay, cong trinh chon dong co
truc 7 la dong co budc. Cic déng co dan dong
truc X-Y la dong co AC servo, cin lua chon
cac bd truyén doéng chét lugng cao, vi du nhu
Mitsubishi HC-KFS23 AC Servo Motor va MR-
J25-20A Driver.

2.3.3. Gidi phdp diéu nhiét ty dong ddu din

Van dé diéu nhiét va giai nhiét cho dau
dun khong la van dé kho. Cac b diéu nhiét st
dung cam bién nhiét cho phép diéu nhiét thong
dung cho d6 chinh xdc + 0,5%, dam bao cho
mady in 3D hoat dong tot. Cac san phdm cong
vénh thudng cé lién quan dén hiéu tng nhiét
do, thuong la két qua cta sy khac biét nhiét
do dot ngot gida nhiét dd ndéng chay cua vat
liéu chia voi dun va nhiét do moi trudng xung
quanh. Cac giai phap khic phuc bao gébm: Duy
tri nhiét d6 moi truong noi dat may in 3D. Néu
vét liéu la nhya ABS, méy can c6 vo che; Giti bé
mat givong in khong dinh chat nhdy/ma va can
phai lau sach bé mdt giuong in bang dung dich
theo chi dan tuong ting voi vat liéu st dung.

2.3.4. Lua chon toc dé dun

Téc d6 dun nhua & diu dun dugc diéu
khién bam theo t6c d¢ dich chuyén cta dau in.
Viéc dong bo 2 chuyén dong nay ddm bao cac 16p
dugc trai déu trén bé mat. Viéc lua chon toc do
in tuy thudc vao cdu tric san phim in. Déi véi
nhiing san pham tinh xao, téc dd cham sé tranh
xudt hién céc khe, 16 xudt hién trén san phdm.
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2.3.5. Bo diéu khién mdy in 3D

B¢ di€u khién mdy in 3D thuc hién déng
bé nhiéu tac vu nhu diéu khién dong bo téc do
nha day, gia nhiét dun nhya va téc do ddu phun
theo truc X-Y, gidi ma G-code, xdc dinh va diéu
khién dinh vi ddu in, lam mét hé théng. Cong
trinh nay dugc thuc hién trén thiét bi nhang, st
dung vi diéu khién 32 bit tinh ning manh. Trén
Hinh 9 trinh bay so d6 khoi by diéu khién mdy
in 3D khé réng tuong Ung vdi cac thanh phin
ngd ra cua mdy nhu cac bd dan dong X-Y-X,
dun nhua, quat mat, gia nhiét du in, gia nhiét
giudng in, cic thiét bi ngd vao nhu cam bién,
truyén thong,...

EH:: g::p Lw DRIVERY | =l Moter truo X
_ a-‘ DRIVER | Botor true v
| Ouiding Lo L E—
| Currertlima | | i f o
e e {~—»{ DRIVER 3 i Motar true 2
| | :
- - r —
PH10 b—si > DRIVERG b= Motordinnhya |
| Thermo-sensor | CPU | ! |
»[DRIVER 5 = Qual mat dau din
| C3m bign nhit | P - ‘
| oo WO s B wé DRIVER 6 (=  Dieu nhidtdduin |
: ? Pl |
[—»| DRIVER T b1 Ditu nhidt girtrng in |
3 ; Pl ]
| Power Supply | | —+| COMM. b USB, USD, Ethemet

Hinh 9: S0 d6 khdi b diéu khién mdy in 3D khd rong
dugc thiét ké

B¢ diéu khién dugc thiét ké voi 16i 1a vi
diéu khién két hgp vdi cdc ngoai vi la driver cong
nghiép diéu khién AC servo motor. D€ tai chon
vidiéu khién ATSAM4ESE lam 16i cho CPU. bay
13 dong vi diéu khién Atmel® xay dung trén b xi
ly 32-bit ARM*® Cortex®-M4 RISC hiéu suit cao
va c¢6 don vi ddu chdm dong FPU. SAMA4E hoat
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dong & toc do toi da 120 MHz va ¢6 t6i da 1024
Kbyte Flash, 2 Kbyte bd nhé dém va lén dén 128
Kbyte SRAM. SAM4E cung cép hang loat thiét
bi ngoai vi két ndi tién tién bao gém Ethernet
MAC 10/100 Mbps hé trg IEEE 1588 va CAN
kép. Véi mot FPU chinh xdc duy nhét, cc tinh
nang analog tién tién va déy du cac chuc ning
diéu khién va timer, SAMA4E la gidi phap ly tudng
cho ty déng héa cong nghiép, diéu khién cic hé
thong thong minh nhu IoT, c6ng nghé 4.0. Cac
ngoai vi bao gdm céng USB toc d¢ ddy du véi bo
thu phdt nhing, Ethernet MAC 10/100 Mbps ho
trg IEEE 1588, MCI téc d6 cao cho SDIO/ SD/
MMC, giao dién bus ngoai vi c6 bo diéu khién
b6 nhé tinh cung cip két néi SRAM, PSRAM,
NOR Flash, M6-dun LCD va NAND Flash, ché
dé chup I/O song song cho giao dién camera,
tang t6c phdn cing cho AES256, 2 USART, 2
UART, 2 TWI, 3 SPI, 4 kénh PWM, 3 b6 dinh
thoi 32 bit ba kénh muc dich téng quat (v6i dong
co budc va hd trg logic bo gidi ma quadrature),
RTC cong sudt thdp, RTT ning lugng thip,
Thanh ghi du phong muc dich chung 256 bit, 2
giao dién Analog Front End (16- bit ADC, DAC,
MUX va PGA), mét DAC 12 bit (2 kénh) va bo
so sdnh tuong tu.

2.3.6. Gidi phdp thiét ké phdn mém phan lop
phii hop, lua chon toi uu théng sé duong din

Phidn mém in 3D ¢6 anh hudng 16n nhit
dén chdt lugng san phdm in 3D. Phan mém maéy
in 3D gan lién véi qua trinh thiét ké va qud trinh
tao san phdm trén may in 3D. D4u tién, mé hinh
3D dugc tao trén mdy tinh. Sau d6, phdn mém
cat 16p thuc hién tao file G-code cho mdy in va
cudi cung, may in nhan file G-code thuyc hién in
san phdm (Hinh 10).
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Hinh 10: Chudng trinh diéu khién mdy in 3D
khé rong

Nhu da biét, trong may in 3D cong nghé
FDM, do dinh dang STL st dung cdc yéu t6 mit
phing nén no khong thé hién bé mit cong mot
cach chinh xac. Ting s6 lugng mit tam gidc c6
thé lam tang do min cta bé mat cong, nhung
dong thdi lam tang dung lugng file. Céc chi
tiét 1dn, phic tap (khd rong) sé tén nhiéu thoi
gian cho khéu tién xt ly va xay dung dinh dang
STL. Do dd, ta sé phai lua chon t6i uu gita yéu
t6 thoi gian, dung lugng file va d¢ chinh xdc
dé c6 dugc mot file STL hitu ich. Do tinh chét
clia mau tao thanh sé thay déi tuong déng véi
phuong hudéng dat. Vi du: Mau sé kém hon va
it chinh xdc hon theo phuong Z so véi phuong
X-Y. Ngoai ra, huéng dat mé hinh quyét dinh
thai gian xay dung mo hinh. Do d6, viéc chon
huéng tao vat thé ciing quan trong nhim gidm
$6 lugng cac 16p, do do rut ngan thdi gian xay
ding mo hinh.
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B¢ diéu khién nhian G-Code va tao l1énh
cho cdc dong co X-Y-Z van hanh ddu phun.
Dong thai, cdc vong diéu khién lién quan nhu
diéu nhiét dau dun, motor cidp day nhya, quat
gidi nhiét ciing dugc diéu khién dong bo. Véi
viéc ting dung vi diéu khién tién tién, cdc két
noi file tli nhiéu nguén khac nhau, nhu: CAD
mdy tinh, qua USB, Internet,... ciing dudc thuc
hién de dang.

3.KET QUA VA UNG DUNG
Médy in 3D khé rong da dugc ché tao

nhu trén Hinh 11, cho phép ché tao san phdm
in 3D kich thudc l6n.

Hinh 11: Sdn phdm mdy in 3D kich thudc lon

May c6 céc tinh nang ky thuat nhu sau:
Cong nghé in: FDM; Vit liéu nhya: PLA, ABS;
Kich thudc in 1200(X) x 610 (Y) x 1200 (Z)
mm; D¢ phan gidi truc: X, Y, Z: 5, 10, 1 um
tuong ung; Toc d¢ in: 150 mm/s; Chiéu cao 16p
in: 50-800 um; File in: G-code, STL file; Bd ddu
in: 0.4, 0.6, 0.8, 1.0, 1.2 mm; K&t ndi mdy in 3D
va di liéu: SD, USB, Wifi, Internet; Firmware:
Marlin.
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4. KET LUAN

Muc tiéu thiét ké, ché tao may in 3D
kho rong dé két ndi truc tiép voi may quét laser
san phdm kich thuéc l6n nhdm tao ra mot hé
thiét ké ngugc.

Cdc tac gid tran trong cdm on S& Khoa
hoc va Cong nghé TP. H6 Chi Minh dé ho trg
dé hoan thanh céng trinh nay (Hop déng s6
107/2019/HD-QPTKHCN, ngay 24/12/2019).%¢
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