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LOI CAM DOAN

T61 cam doan rang luan van: “Thiét ke, ché tao va ing dung may in 3D kho

16m tich hgp cong nghé IoT” la cong trinh nghién ctru cua chinh to6i.

To61 cam doan céc s0 li€u, két qua néu trong luan van la trung thuc va chua tung

dugc ai cong bd trong bat ky cong trinh nao khac.

Khong c6 san pham/ nghién ctru nao cuia nguoi khac dugc st dung trong luan

vin nay ma khong duoc trich dan theo dung quy dinh.

TP. HO Chi Minh, ngay 25 thang 01 nim 2022
Hoc vién thyc hién luan van

Pong Kién Nhin



LOI CAM ON

Trong qua trinh nghién ctru va hoan thanh luan van nay, t61 da nhan dugc su
huéng dan, giup d& tan tinh cia Thay C8, c4c anh chi va ngudi than gia dinh. Toi Xin
bay t6 biét on sdu sdc va cam on chan thanh tdi:

Cac Thay Co giang day va lam viéc tai Khoa Qudc té va Pao tao sau dai hoc
— Hoc vién Cong nghé Buu chinh Vién thong da tao moi diéu kién thuan loi cho t6i
trong sudt qué trinh hoc tap va hoan thanh luan van.

Tién si Tran Viét Thang, ngudi thay kinh mén da hét long giup dd, day bao,
dong vién va tao moi diéu kién thuan lgi cho toi trong subt qua trinh hoc tap va hoan
thanh ludn van. Cam on c4c ban trong nhém dy 4n may in 3D da déng hanh cung t61
trong sudt qua trinh thyc hién.

Xin chin thanh cam on bd me, anh chi va cic em di & bén canh dong vién, tao
diéu kién va giup do t6i trong sudt qua trinh hoc tap, nghién ciru va hoan thanh luan

van cao hoc.

TP. HO Chi Minh, ngay 25 thang 01 nam 2022
Hoc vién thyc hién luan van

Pong Kién Nhin
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MO PAU

May in 3D kho 16n theo cong nghé FDM dé tao san pham véi kich thudc 16n
cho phép tiét kiém thoi gian va chi phi khi ché tao mau. Viéc tao san phdm may quét
3D va két ndi tryc tiép voi may in 3D kho rong s& nang cao muc tu dong hod trong
thiét ké nguoc. Trong dé tai ndy, cac van dé nang cao do chinh xac, d6 6n dinh cho
cac thiét bi in kho rong va tich hop may quét véi may in 3D duoc giai quyét. Pong
thoi, cac giai phap phan mém lam min bé mit san pham quét 3D duoc thuc hién cho
phép c6 thé sir dung ngay cac file quét cho may in 3D.

May c6 céc tinh nang ky thudt nhu sau: May in 3D cong nghé in: FDM; Vit
liéu nhya: PLA, ABS; Kich thudc in: 1200(X) x 610 (Y) x 1200 (Z) mm; Do phan
gidi tryc: X, Y, Z : 5, 10, 1 um tuong Uung; Téc do in: 150 mm/s; Chiéu cao 16p in:
50-800 pum; File in: G-code, STL file; B dau in: 0.4, 0.6, 0.8, 1.0, 1.2 mm; Két ndi
may in 3D va dir liéu: SD, USB, Wifi, Internet; Firmware: Marlin. May quét 3D quét
san phém kich thudc 600x600x600 mm, o chinh xac dudi 0,1 mm, véi d§ min gia
cong phu hop trén mdy in 3D kho rong.

Giao thirc MQTT hién dang mot giao thirc duogc st dung phd bién dung trong
IoT, rat nhiéu hing cong nghé da ap dung va hd tro giao thirc MQTT cho céc ing
dung san pham ctia minh nhu Facebook cho tng dung facebook message, IBM cho
du an bao vé mdi truong, Intel, Microsoft.

Luan van c6 cac ndi dung chinh nhu sau:

Chuong 1: Tong quan may in 3D.

Chuong 2: Két cau co khi va bo diéu khién may in 3D kho rong.

Chuong 3: Truyén sb liéu giita cac thiét bi IoT thong qua giao thie MQTT.

Chuong 4: Thiét ké phan mém, tich hop va van hanh thir nghiém san pham.



CHUONG 1: TONG QUAN MAY IN 3D

Cong nghé in 3D 14 mdt thanh té co ban trong cong 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 mot ban v& hay mot mo hinh 3D thiét ké trudc trong mdy tinh, thay vi phai cit
got phoi nhu gia cong san pham truyén théng. Cong nghé in 3D khéng chi cho phép
tao san phém nhanh, dé dang, tuy bién va tiét kiém phuc vu dé kiém tra, kiém dinh,
san xuat thtr, ma con cho phép san xuat loat nho, gia thanh thip ma khong phai ché
tao khuon mau ton thoi gian va dat tién. Cong nghé in 3D nhu vay gép phan ning cao
nang lyc san xuat, tinh canh tranh cua doanh nghiép. Cac cong ngh¢ va thiét bi in 3D
chu yéu hién nay gém co:

- Cong nghé SLA (Stereo Lithography Apparaturs): Str dung tia laser hoa rin
polymer (16ng) nhay sang (Hinh 1.1);

- Cong nghé SLS (Selective Laser Sintering): Sir dung tia laser dé thiéu két
vat liéu bot nhu nhua, kim loai, thach cao (Hinh 1.2).

Quét hinh anh
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Hinh 1.1: Cong nghé SLA Hinh 1.2: Cong nghé SLS
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Hinh 1.3: M6 ta cong nghé 3DP
- Cong nghé 3DP (3D Printing): Sir dung nguyén 1y tao 16p (layer) gidng nhu
cong nghé SLS & trén va phan lién két cac layer v6i nhau thi giéng v6i cong nghé
may in phun 2D binh thudong (Hinh 1.3). Myc in vira 13 mau sic, vira 1a keo lién két
cac hat bt véi nhau. Cong nghé nay céd thé in dugc mau sic cho vat thé giéng nhu
may in phun mau.
- Cong nghé LOM (Laminated Object Manufacturing): Sir dung tia laser dé

cit vat liéu dang tam (gidy) sau d6 cac 16p da cat duoc két dinh v6i nhau (Hinh 1.4);
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i %/ _layer to the rest of
\ /q' j A7 the model.
e
L\—‘/ part body

| pléHurmi'-i

’ feéder
hole from roll
prewvious part

layer (slice)

areas \

completed
layers
paper or plastic 3
laminated vrith heat-
activated glue

Hinh 1.4: Nguyén ly hoat dong cong ngh¢ LOM

- Cong nghé FDM (Fused Deposition Manufacturing): Str dung vat liéu nong
chay dun qua dau phun tao hinh, sau d6 dong cimg. Céng nghé in 3D FDM gom céc



thanh phan (Hinh 1.5): May tinh - bd phdn mém thiét ké san phim 3D - Thiét bi in
3D.

Hinh 1.5: Céc thanh phin may in 3D FDM [6]
Hai loai may in 3D kiéu FDM pho bién 1a loai sir dung co ciu song song loai
Delta (Hinh 1.6) va co cau 3 tryc tinh tién, c6 kha ning tao san pham kich thudc 16n

(Hinh 1.7). — 1 d6i tuong lia chon cua dé tai nay.

Hinh 1.6: M4y in 3D kiéu robot delta Hinh 1.7: M4y in 3D kiéu 3 truc X-Y-Z

Can ctr theo muc tiéu dé tai, chiing toi s& tp trung vao thiét ké ché tao may in

3D khd rong loai FDM. Trén Hinh 1.8 md ta hoat dong cua khéi in 3D kiéu FDM.



Hinh 1.8: Thiét bi chinh in 3D FDM [13]

Hé théng van hanh theo 3 truc: Pau dun (b) dugc gan véi hé thong X-Y va
tam san (e) gan v6i truc Z nang/ha. Vat liéu (a) tir cudn qua ddu dun duoc nung chay
va dugc rai thanh 16p bén trén san (e) trong gidi han tao hinh dinh trude. Hai truc X-
Y gin voi dau dun (b) diéu khién dau dun dich chuyén va rai vat liéu hét dién tich
dinh trudc. Hét mot 16p, vit-me truc Z s€ ha tAm san (e) xuéng 1 16p dé dau dun rai
16p méi. Mdi 16p sau khi rai dugc 1am ngudi s& dong ctng. Mau sau khi duoc ché tao
can duoc 1am sach va xir Iy bé mit bang phuong phap: danh nham, son phu dé cai

thién hinh dang va do bén cua no.

1.1 Cau hinh may in 3D kho réng kiéu FDM

Céu hinh may in 3D kho rong loai FDM dugc dé xuét can phai dap Gmg cac
muc tiéu nhu cho phép tao cac vat mau kich thudc 16n; May in 3D duoc tich hop véi
may quét 3D tao ra mdt hé thong lién hop tir quét tdi in 3D san pham tir dong. Thong

s6 k¥ thuat may in 3D kh rong du kién co cac tinh ning nhu trong bang 1.1.



Bang 1.1: Thong s6 ky thuat may in 3D kho rong cia dé tai

STT Tén chic ning Théng s6 ky thuit
1 | Kich thudc: 1200 x 610 x 1200 (mm)
2 | Téc dd in 150 mm/s
3 | Bo6 chinh xac <0.2 mm
4 | Chiéu cao 16p in 50-800 pum
5 | Vatliéuin PLA, ABS
6 | Puong kinh soi vat liguin | 1.75 mm
7 | Bo dauin 0,4;0,6; 0,8; 1,0; 1.2 mm
8 |Filein G-code, STL file
9 | Két nbéi may in 3D va dir | SD, USB, Wifi, Internet

lieu
10 | Cong ngh¢ in FDM/FFF
11 | Firmware Marlin
12 | Software Slic3r, Cura or
Simplify3D...
13 | Nguon cung cap 220 VAC/50 Hz
14 | C6ng suat tiéu thu ~500 W

CAu hinh may in 3D khd rong cua dé tai nay duoc chon la c4u hinh 3 tryc tinh

tién tao san pham trén givdng (san) in, mé ta trén hinh 1.9.

Hinh 1.9: C4u hinh may in 3D kho réng 3 truc tinh tién [12]




CAu hinh mdy in 3D kho rong cua dé tai ndy dugc thiét ké theo ciu hinh 3 truc
tinh tién, bao gdm céc thanh phan trinh bay trén hinh 1.10.

May in 3D kho rong bao gdm cac thanh phan: 1) Co cdu d& va him nha cudn
day vat liéu (nhya) stir dung motor nha day; 2) Co cau din day va banh xe quay kéo
day nhua; 3) Dau gia nhiét 1am chay diy nhya va dau phun (Nozze); 4) Quat 1am mat
san pham; 5) Hé théng 3 truc X-Y-Z diéu khién dau phun di chuyén theo toa do da
1ap trinh; 6) G6i d& tao khoang tréng bén trong san pham; 7) San may; 8) Khung may;
9) Bo diéu khién.

Motor nha day

Bo Dau gia nhiét

Diéu Coclu .
Khién dich chuyén Dau phun
X-Y-X

) . Day nhwa néng chay
San pham

) ) /GOI do
San may

Hinh 1.10: Céu hinh dé xuat may in 3D khé rong 3 truc tinh tién
1.2 Phan tich, danh gia cc co cau cia may in 3D
CA4c nghién ciru ma dé tai can phai giai quyét cho may in 3D khé rong bao
gom:
- Su déng déu san phém ¢6 kich thude 16n; Do chinh xac cao cho mét thé tich
16n, lién quan dén d6 clmg virng, drivers, giai thuat diéu khién, ...
- Van dé cip nguyén liéu lién tuc cho kich thudc 16n;
- Cac van dé vé thiét ké phan mém diéu khién may in.
1) Co cdu d& va ham nha cudn ddy vat liéu (nhya) st dung motor nha day.
Day vat liéu dé tao san pham can c6 dudng kinh 6n dinh. Thi truong c6 sin

loai day duong kinh 1,75 mm (cho may dun c6 6 banh ring dan day & xa dau dun) va



3 mm (cho 6 banh ring tryc tiép trén dau dun). Dé dam bao viéc cip day déu, khong
bj anh hudng boi moment quan tinh ctia cudn day thay d6i khi cudn day/voi, do cing
ctia day luon giit khong doi nho diéu khién motor truc cudn diy cp hoic sir dung
thang tr.
2) Co ciu dan day va banh xe quay kéo day nhua

Day vat liéu trong may in 3D khé 16n c6 thé dugc dit & xa, khi d6 can c6 day
dan hudng - 1a diy climg cb dinh dé day vat liéu bam theo, hodc c6 thé 1a éng nhua
cho day vat liéu chay ludn bén trong.

Pau dun Bowden c6 co cau kéo diy & xa khong dat tai 1én dau dun, nén né cd
kich thudc nho va van hanh linh dong hon. Tuy nhién, co cdu can dong co manh hon
dé day day vat liéu qua dng dan hudng va c6 thé gip su cb xodn day, udn cong, ...

hozc ¢6 ma sét 1am tré qua trinh cép liéu.

Hinh 1.11; Piu dun Bowden [15] Hinh 1.12: Diu dun tryc tiép [15]

Dbi véi cac bo cap lidu truc tiép, may dun s& ddy day vt liéu ngay vao dau
dun. Nho viéce cap day lién tuc, chinh x4c, nhanh va véi dong co cong suét thap, nd
s€ tao ban in chinh xac hon, str dung cac cd day vat liéu trong khoang rong hon. Tuy
nhién, co cdu nay lam tang khéi luong cum dau dun, c6 thé giy dao dong va mat

chinh x4c cua ban in.

3) Pau gia nhiét nung chay day nhya va dau phun (Nozze)
Dau gia nhiét 1am tan chay nhya dé cdp cho dau phun tao dung mé hinh san

pham. Nhiét d gia nhiét tuy thudc vao vat liéu sir dung. Hién c6 hai loai dau dun la



V6 - thuong dugc st dung cho kich thudc in nhé hon va Vocano - ¢6 voi phun 16n
hon dé cho phép lwong nhwa 16n hon dugc ép dun cho kich thude in 16n hon (hinh
1.13).

Hinh 1.13: Piu dun pho bién (Ngudn: Thomas Sanladerer YouTube Channel)
4) Quat 1am mat san pham — ban in
Nhua dugc rai thanh 16p bén trén dé tao san pham, khi ngudi s€ dugc dong két
nhd 1am mét ty nhién. Tuy nhién, ddi véi cac ban in phirc tap véi cac cau truc kiéu
cau, c6 cac gbc canh nho ra, thi [am mat ty nhién 1a chua du. Khi nhya chua ngudi,
trong lugng nhya co6 thé 1am méo dang san pham (Hinh 1.14). Vi vdy, can str dung

quat lam mat.

My Without Cooling

With Cooling

Hinh 1.14: Anh hwéng quat lam mat dén chit lwgng san phﬁm
5) Hé théng 3 truc X-Y-Z diéu khién dau phun di chuyén theo toa do di 1ap trinh:
Hé théng CNC 3 truc can dam bao do chinh xac cao dé dich chuyén dau phun
rai déu san phém. bac biét, cac dich chuyén phai ém va khong bi vot 16 tai cac diém
thay doi hudng chuyén dong. Pdi véi may c6 kich thude 16n, yéu cau vé do chinh

xéc cho toan khoang lam viéc doi hoi k¥ thuat diéu khién phdi hop.
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6) Goi d& tao khoang tréng bén trong san pham: Goi d& 1a cac vat liéu phu c6 hinh
dang phu hop dé tao san pham c6 cac khoang tréng bén dudi bé mit.

7) Giudng in / San may: San dat san pham, doi hoi c6 do phang xac dinh.

8) Khung sudn may: Khung suon dé gin thiét bi can phai virng chii, dong thoi vo
che han ché cac hat bui nhya nand bay ra ngoai.

9) Bo diéu khién: Thyc hién nhiém vu diéu khién cac bo phan may in 3D.

1.3 Két luan chwong

Trong ndi dung nay D¢ tai da hoan thanh viéc nghién ctru khao sat cac cau
hinh 3D va 3D kho rong, tir 46 dé xuat cdu hinh may in 3D kho rong cho nhiém vu.
Trén co s cau hinh dé xuét, Dé tai tién hanh phan tich, danh gia cac co ciu cua

may in 3D va mién trng dung cho cac san pham in 3D.



CHUONG 2: KET CAU CO KHIi VA BQ PIEU KHIEN
MAY IN 3D KHO RONG

Nhu di khao sat, trén thi trudng c6 3 loai may in 3D phé bién: M4y in 3D kiéu
toa d6 Descarter, Kiéu robot Delta, va kiéu Polar (Hinh 2.1).

Hinh 2.1: May in 3D Cartesian, Delta, va Polar

Trong d6, may in 3D Cartesian thuc hién di chuyén dau dun nhya theo phuong
X, Y, Z trong hé toa do Cartesian. May nay c6 wu diém la dé lap réap, can chinh va
bao dudng; c6 kha ning khai thac phan mém tir cong dong ma ngudn mé 1on. Tuy
nhién, nhuoc diém cia may 1a c6 khéi lugng céc co cau di dong 16n, nén toe do in
khong cao va gay 6n. May c6 han ché in san pham theo chiéu cao. Ngoai ra, khi hoat

dong may thuong bi rung va anh huong dén do chinh xéc.

May in 3D kiéu Delta thuc hién di chuyén dau dun nhya theo nguyén Iy cia
robot delta (robot song song). May nay cd wu diém la khéi lugng cac co ciu di dong
nho va mot phan di chuyén theo céc tryc thang dung, vi vdy, may hoat dong ém, it
rung, toc d6 cao va chinh xéc, c6 thé in dugc vat in c6 chiéu cao 16n. Ban nhiét (noi
dit vat in) khong di chuyén trong sudt qua trinh in nén vat in duoc gitt chic chin hon.
May c6 nhugc diém la lap rép, can chinh kha phirc tap. Chiéu cao ctiia may lén

(thudng 60-70 cm). Gia thanh thuong dit hon so véi may dang Cartesian.
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May in 3D: Polar 13 loai méi va it ph6 bién hon hai loai trén. Pau dun nhya di
chuyén theo nguyén Iy cta toa do cuc. May nay c6 wu diém 12 hoat dong it bi rung
lic nhu kiéu Cartesian, kich thuéc vat in c6 thé 16n. May c6 nhuoc diém la moment
quan tinh cua ban nhiét 16n; toe d6 in khdng cao; 1ap rap va cin chinh may kho; gia
thanh cao

Céc may in 3D nhu: BIGREP ONE (Hinh 2.2), MODIX BIG 120 V3 (Hinh
2.3),... 1a nhitng san pham may in kho 16n ctia cic nha san xuat Germany va Israel

nén duoc nhiéu cong ty lya chon vi co chét lurong va do chinh Xac cao.

Hinh 2.2: Mdy in 3D kho 16n BIGREP  Hinh 2.3: M4y in 3D kh I6n BIG 120-V3
ONE ciia Modix

BIGREP: Thé tich tao hinh: 1.005 x 1.005 x 1.005 mm (XYZ); D6 phan giai
dé day 16p: 0.1 mm - 1.4 mm; Gia tbe: T6i 400 mm/s?; Bo dun nhwa Hai dau dun;
Pau dun tiéu chuan véi voi 1 mm; Lua chon dau véi voi 0.6 mm, 1 mm va 2 mm;
Cong nghé in: FFF — Fused-Filament-Fabrication (FDM); Vat liéu in BigRep: PLA,
PETG, Pro HT, Pro HS, Pro FLEX; Nhi¢t d§ giwong in: Max 80 °C; Trong luong
may 460 kg; Kich thudc 1850(x) 2250 (y) 1725 (z) mm; Cong suat 208 V — 240 V,
16 A, 650/60 Hz.

BIG 120-V3: Thé tich tao hinh: 1.200 x 600 x 600 mm (XYZ); D6 phan giai:
X:10 pm Y:10 pm; Do phan giai truc Z: 0.5 pm (0.0005 mm); Chiéu cao 16p: 50-800
Micron; Tdc d6 in: Téi 100 mm/s; BO dun nhua: E3D Aero extruder ; Cong ngh¢ in:
FFF — Fused-Filament-Fabrication (FDM).
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2.1 Co céu co khi may in 3D khé réng

Khung may in 3D 1a phan chinh ctia may, cho phép lip rap cac thiét bi bén
trong dé van hanh in 3D (Hinh 2.4).

Hinh 2.4: Ban thiét ké khung chinh may in 3D
Véi cau hinh 3 truc chuyén dong tinh tién, khung may chon 13 khdi 1ap phuong,
tao khong gian twong (mg cho mdy in lam viéc theo kich thudc kho rong (Hinh 2.5).

Chi tiét xin xem trong tip ban v& k¥ thuat.

Hinh 2.5: B6 tri cac thanh phan trén khung chinh may in 3D
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Hinh 2.6: Ban vé 2D khung chinh may in 3D

Bang 2.1: Bang chi tiét co khi may in 3D

TT | Ténchitiét |Vatliu|Slg| [TT | Tén chitiét | Vatliéu | Slg
Bénh xe & Dé ) Motor kéo
L | banh xe Thép |04 10 | e y 01
Nhom Truc dan ]
2 | Cuc canh diic 04 11 huéng Z Thép 04
3 | Thanh ngang N’hom 14 12 Truc Z (Vit Thép 04
dac me)
4 | Thanhding | N9 o4 | |13 | Giwongin | OK 01
dac nhom
5 | Pulyring truc’Y | Nhom |04 | |14 S(‘-lm ddutruc | rpay o1
6 I;at lap puly truc Nhém | 04 15 Fnad gan dau Thép 01
Truc kéo puly . Pad gan rinh .
7 truc Y Thép 01 16 truot Y Thép 04
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g | Patlap cym Inox201 |01 | |17 | Motor truc Z 04
motor Y
, Ddn Tam de¢ lap
9 | Néi truc g lo1 18 | truc Z, truc Inox304 | 06
thau x ,
dan hudng

2.2 Co cau din ddng va céc chi tiét cho may in 3D khé rong

Trong may in 3D kho rong duogc thiét ké, cum chuyén dong X-Y ¢ dinh theo
phuong Z, con giuvong in duoc dich chuyén timg budc nhd motor truc Z trong qua
trinh tao hinh. Vi diéu kién vat liéu hién nay co thé chon giuong in vua nhe, vira
phang va c6 do ctng tot.

Pé dam bao do cting vig va ma sat nho, cum in gin trén bd truot chuyén
dong theo thanh dan truc X. Pau in dugc motor kéo béng day dai. B day dai duoc
cang bang buli 2 dau, cho phép ddy dai chay thuan / ngugc. Tuong tu, truc Y s& kéo
cum truc X chuyén dong trén thanh truot (Hinh 2.7).

Hinh 2.7: Bo thanh trwot din dong truc X va Y
Truc Z dan dong b:;ing vit-me c6 6 truc 2 dau (kiéu cau truc) nham dam bao su
di chuyén dau in d& dang, chinh x4c va giam rung séc. Trong cu hinh thiét ké, dé tai
st dung 4 dong co dat 4 goc, s€ tao luc tdc dong déu va déng bd 1én givdng in. Khi
quay truc vit-me, giudng in duoc chuyén dong theo (Hinh 2.7). Vit-me bi hay bo
truyén vit-me - dai 6c (Hinh 2.8) dugc st dung rong rii, dic biét 1a cac co ciu doi hoi

chuyén dong chinh x4c va hi¢u suat cao.
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Hinh 2.8: B9 vit-me dai dc cho truc Z Hinh 2.9: O truc d& dau truc vit

O truc d& dau truc vit (co gin 6 bi) dugc thiét ké (Hinh 2.9) c6 sy dong tim
cao va chinh xac, dic biét 1a phai dam bao d6 thang dimg dé giuong in va san X-Y
song song vo1 nhau.

Khi dong co quay lam quay tryuc vit, lam cho phan cong tac gin vao truc vit
tinh tién doc theo truc. Budc dich cta cum X-Y duoc tinh toan dua theo buée truc vit
hay s6 vong quay cua motor dan dong. Trén Hinh 2.10 1a thiét ké 6 truc d& dau mut

cua tryc vit me va 6 truc dan huodng.

Mat bich gd'n bac dan vit me truc Z O truc thanh dan hwong truc Z

Hinh 2.10: O d& dau truc vit me va thanh din hwéng cho truc Z
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Trén Hinh 2.11 L& céc chi tiét ciia bo dan dong truc X - Y.

Hinh 2.11: Puly va b ga thanh trugt motor truc X - Y

Trén Hinh 2.12 13 ban vé& banh xe di chuyén khung may in 3D

Hinh 2.12: Béan vé banh xe di chuyén khung may in 3D

2.3 Két luan chuong
Chuong 2 d¢ tai d3 hoan thanh cac ndi dung co ban thiét ké, ché tao phén co khi
cho may in 3D kho rong. Qua thuc nghiém so b cho thdy mdy in 3D dat cac muc

tiéu thiét ké.
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CHUONG 3: TRUYEN SO LIEU GIUA CAC THIET BI loT

THONG QUA GIAO THUC MQTT

3.1 Khéi niém co ban vé cac cong nghé trong loT

3.1.1 Giao thac truyén tin

Trong IoT, céc thiét bi thuong giao tiép duoc véi nhau thuong xuyén (D2D).

Dit lidu sau khi thu thap s& duoc giri toi may chu (D2S). May chu ciing ¢ thé giao

tiép chia sé dir lidu v6i nhau (S2S), ¢6 thé cung cap nguoc lai cho cac thiét bi. Cac

giao thure dung trong loT la:

XMPP: 1 giao thitc md va dua trén nén taing XML dung trong nhan tin.
DDS: Giao thirc truyén thong ngang hang truc tiép theo kiéu peer to peer
(D2D).

AMQP: hé¢ théng hang doi dugc thiét ké dé két nbi cac may cha véi nhau
(S2S).

MQTT (Message Queue Telemetry Transport), muc ti€u thu thap dir li¢u va
giao tiép D2S. Muc dich 13 giam sat theo ddi tir xa, thu thap dit liéu tir nhidu

thiét bi va van chuyén dir liéu d6 dén cic mdy tram sao cho it xung dot nhat.

3.1.2 Pic diém hé thong loT

Diéu kién can cua mot hé théng loT:

Cong dir lidu (Gateway): Dir liéu di tir vat cloud va nguoc lai thong qua cac
cong.

Cong Cloud (Cloud Gateway): Tao diéu kién nén dir liéu va truyén dit liéu an
toan giira cic cong va may chi IoT trén cloud.

Bo xtr Iy dit liéu truc tuyén: dam bao chuyén d6i hiéu qua dir liéu ban dau vao
sang ho dit liéu va cac Gmg dung diéu khién.

Hb dit liéu (Data Lake): Pugc dung dé luu trir dit liéu duoc tao boi cac thiét

bi duoc két ndi & dinh dang tu nhién. Dit liéu 16n xuat hién theo dot hodc trong
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ludng stream.
- Kho dir li¢u 16n (BigData warehouse): Kho dir liéu 16n chi chira cac dir li¢u da
duoc lam sach, ¢ ciu tric.
- Phan tich dir liéu: Céac nha phan tich dir li¢u co thé sir dung dir li€u tr kho dix
liéu 16n dé tim xu huong va dat dugc nhiing hiéu biét cu thé nao do.
e Tong quan hé thong loT

The Internet of Things

é

Hinh 3.1: Téong quan mé hinh h¢ théng IoT

Bat ky mot hé thong IOT nao ciing duoc xay dung 1én tir sy két hop cta 4 layer
sau [16]:

- Lop ung dung (Application Layer): Lop ing dung cling tuong tu nhu trong
mo hinh OSI 7 16p, 16p nay twong tac truc tiép voi ngudi dung dé cung cip
mot chirc nang hay mot dich vu cu thé ctia mot hé théng I0T.

- Loép Hb tro dich vu va hd tro ung dung.

- L&p mang (Network Layer).

- Lép thiét bi (Device Layer): Lép Device chinh 1a cac phan cimg vat 1y trong
hé théng IOT.

3.2 Giao thirc truyén tin MQTT

3.2.1 Khai ni¢m

MQTT duya trén mot Broker (diém trung gian) va duoc thiét ké c6 tinh mé rat
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don gian va dé dé tich hop. MQTT phu hop cho cac ung dung M2M (Mobile to
mobile), WSN (Wireless Sensor Networks) hay 10T (Internet of Things).

Node

Hinh 3.2: Két néi trong mang lwéi MQTT [4]

3.2.2 M0 hinh giao thirc MQTT

Céc thanh phan chinh caa MQTT la: clients, servers, sessions, subscriptions

va topics.

Hinh 3.3: M6 hinh giao thirc MQTT [17]

- MQTT client (publisher, subscriber): Client thuc hién subscribe dén topics dé
publish va receive cac goi tin.
- MQTT server: Thyc hién chay cac topic, dong thdi nhan subscriptions tir clients

yéu cau cac topic, nhan cac messages tur clients va forward chdng.



21

- Topic: V& mit k¥ thuat, topics 1a cac hang doi chira ndi dung message. Vé logic,
topics cho phép clients trao d6i thong tin va dit liéu v6i nhau.

- Session: Mot session dugc dinh nghia Ia phién lam vi¢c hay két ndi tir client dén
server. TAt ca C4c giao tiép giita client va server déu 1a 1 phan ciia session.

- Subscription: Khong giéng nhu sessions, subscription 1a két ndi tir client dén
topic. Khi thyc hién subscribed dén topic, client c6 thé trao d6i messages v6i
topic. Subscriptions c6 thé & trang thai ‘transient’ hodc ‘durable’, phu thudc vao
co trang thai clean session trong goi Connect.

- Message: Messages la cac don vi chira noi dung dir liéu duoc trao doi gitra cac

topic clients.
3.3 MQTT v3.1 protocol specification

3.3.1 Message

> Phan header ¢ dinh

Biang 3.1: Header ¢ dinh

Bit 7|16 |5 ] 4 3 2 1 0
Byte 1 Loai message CoDUP | QoS level | RETAIN
Byte 2 Do dai con lai
Trong do:

- Byte 1 : Chtra loai Message va cac co (DUP, QoS level, and RETAIN).
- Byte 2 : (It nhat 1 byte) quy dinh do dai con lai.
> Loai Message

Vi tri: byte 1, bits 7-4. Mot s6 4-bit khong dau dién ta cac gia tri dugc miéu

ta dudi bang 3.2.
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Bang 3.2: Loai message

Cau lénh Gia tri Miéu ta
Reserved 0 Chua dung
CONNECT 1 Client yéu cau két ndi dén Server
CONNACK 2 Két nbi duoc chap nhan
PUBLISH 3 Xuit ban message
PUBACK 4 Xuit ban message duoc chap nhan
PUBREC 5 é(;ftll;én duoc nhan (ddm bao nhan dugc
PUBREL 6 i){;atltzl;an release (dam bao nhan dugc
PUBCOMP 7 i)(auratlt?)l))an hoan thanh (dam bao nhan duogc
SUBSCRIBE 8 Yéu cau subcribe tir client
SUBACK 9 Yéu cau subcriber dugc chép nhan
UNSUBSCRIBE| 10 Yéu cau unsubcribe
UNSUBACK 11 Yéu cau unsubcribe dugc chdp nhan
PINGREQ 12 Request PING
PINGRESP 13 Response PING
DISCONNECT 14 Client dang mat két ndi
Reserved 15 Reserved

» Cac bit co

Bit con lai cua byte dau chira cac truong DUP, QoS va RETAIN. Vi tri cAc

bit va y nghia dugc miéu ta trong bang 3.3.

Béang 3.3: Bang cac co

Vi tri bit [Tén viét gon Miéu ta
3 DUP Nhan lap lai
2-1 QoS Quality of Service (chat luong dich vu)
0 RETAIN Co RETAIN
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> Header c6 d6 dai thay doi

Mot vai loai MQTT message ciing chira nhirng phan c6 d6i dai thay d6i duoc.
N6 nam gitra phan header ¢6 dinh va phan payload.

Phén thay d6i dugc cia Remaining Length s& khong nim ¢ phan header thay
d6i dugc. Phan byte thay ddi duoc ctia Remaining Length thudc vé phan header va
payload. Pinh danh ciia cac trudng thay doi dugc trong header dugc miéu ta bén dudi
day:

- Protocol name: Xuit hién trong message CONNECT. Truong nay sé chira
tén MQIsdp ¢ dang chir hoa.

- Protocol version: Xuét hién trong phan header ctia message CONNECT.

- Connect flags: Gia tri nay quy dinh c& Clean Session, co Will, c& Will QoS, va

co Retain flags duoc chira trong phan header thay d6i dyoc cia message

CONNECT.
3.3.2 Cac cau Iénh trong message
» CONNECT

Khi mot mot két ndi TCP/IP duoc thiét 1ap tu client dén server, thi mot
session & mirc protocol ciling dugc tao str dung lusng CONNECT. Pinh dang

header ¢ dinh duoc thdy dudi bang sau:

Béang 3.4: Dinh dang trong ciu lénh connect

bit 7 6|5 4 3 2 1 0
byte 1 Message Type (1) DUP flag QoS level RETAIN
0 0|0 1 X X X X
byte 2 Remaining Length

Co DUP, QoS, and RETAIN khong dugc su dung trong message CONNECT.
Remaining Length 13 d6 dai ctua phan header thay ddi duoc (12 bytes) va do
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dai. N6 c6 thé 13 nhiéu byte.
Server s& giri message CONNACK dé tra 10i message CONNECT tir client.
Néu server khong nhin dugc mesage CONNET tir client trong mot khoang thoi gian

nao do6 sau khi thiét 1ap két néi TCP/IP, thi server nén dong két ndi do lai.
> CONNACK

Message CONNACK duoc gti bdi server nhu dé tra 101 mot yéu cau a

CONNECT tir client. Phan header c¢6 dinh c6 dinh dang nhu bang dudi day.

Bang 3.5: Dinh dang trong cau Iénh connack

bit 7 6 5 4 3 2 1 0
byte Message type (2) DUP flag | QoS flags RETAIN
0 0 1 0 X X X X
byte Remaining Leghth (2)
0 0 0 0 0 0 1 0

Céc co DUP, QoS and RETAIN khong dugc su dung trong message

CONNACK. M3i gia tri tra vé cia Connack dugc chi ra dudi bang sau:

Béng 3.6: G6i CONNACK

Enumeration | HEX Meaning
0 0x00 | Két ndi duoc chap nhan
Két ndi bi tir ch6i: Phién ban protocol khéng dugc chip
1 0x01 nhan
2 0x02 | Kétndi vi tir chéi: Pinh danh khéng hop 18
3 0x03 | Két ndi vi tir chdi: server khong phuc vu duge
4 0x04 | Két ndi bi tir chdi: Sai user name hodc password
5 0x05 | Két ni bi tir chéi: Chua duge xéc thuc

6-255 Danh cho tuong lai
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M3 tra vé 1a 2 s& (dinh danh bj tir chdi) s& duoc giri néu néu dinh danh duy
nhat cho 1 client c6 do dai khéng nam trong khoang tir 1 dén 23.
» PUBLISH
Néu 1 client subscribe mot hodc nhiéu topic, thi moi message duoc published
dén nhimg topic d6 duoc giri boi server dén client nhu 1a mot message PUBLISH.

Response cho PUBLISH message phu thudc vao level cia QoS. Bang dudi day chi
ra dinh dang phan header c¢é dinh.

Béang 3.7: DPinh dang ciu 1énh publish

bit 7 | 6 | 5 | 4 3 2 | 1 0
Byte 1 Message type (3) DUP flag QoS level RETAIN
o] o] 1 | 1 0 0 | 1 0
Byte 2 Remaining Length
» PUBACK

Mot message PUBACK sé dugc guri trd cho mot message PUBLISH véi QoS
level 1a 1. Mot message PUBACK s& duoc gui boi serrver dé tra 1oi mot PUBLISH

messager. Bang dudi ddy chi ra cau tric caa phan header ¢ dinh.

Bang 3.8: DPinh dang cau lénh puback

bit 7 6 5 4 3 2 1 0
byte Message type (4) DUP flag | QoS flags RETAIN
0 1 0 0 X X X X
byte Remaining Leghth (2)
0 0 0 0 0 0 1 0

Khi client nhan mgt message PUBACK, n6 s& hily message da PUBLISH

vi message d6 da dugc nhan boi server.


http://minatu2d.github.io/MQTT_V3r1_Protocol_Specification_vi.htm
http://minatu2d.github.io/MQTT_V3r1_Protocol_Specification_vi.htm
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» PUBREC — publish(level 1)

Mot message PUBREC tra 161 cho mgt message PUBLISH véi QoS level 1a
2. N6 la message thir 2 trong flow ma QoS level = 2. Mesage nay s€ coi nhu 1a mot
trd 101 cho messge PUBLISH dén tir client, or hodc boi mot subscriber khi tra 161 mot

message PUBLISH tu Server. Bang dudi day chi ra dinh dang ctia header c6 do dai

co dinh.

Bang 3.9: Dinh dang cau lénh pubrec(1)

bit 6 5 4 3 2 1 0
byte Message type (5) DUP flag | QoS flags RETAIN
1 0 1 X X X X
byte Remaining Leghth (2)
0 0 0 0 0 1 0

Khi nhan dugc modt message PUBREC, bén nhan s€ giri m{t message

PUBREL dén bén gtri v6i cing Message ID vdi PUBREC message.

» PUBREL — Release Publish dam bao (level 2)

Message PUBREL 1a tra 101 tir mot publisher cho message PUBREC dugc gt

dén tir server, hodc dugc gui server dé tra 101 cho message PUBREC dén tir mot
subscriber. Bay la message thtr 3 trong flow QoS Level = 2. Bang dudi day chi ra

dinh dang cta header c6 d6 dai cd dinh.

Béang 3.10: Pinh dang cau lénh pubrel(2)

bit 6 5 4 3 2 1 0
byte Message type (6) DUP flag | QoS flags RETAIN
1 1 0 0 0 1 X
byte Remaining Leghth (2)
0 0 0 0 0 1 0



http://minatu2d.github.io/MQTT_V3r1_Protocol_Specification_vi.htm
http://minatu2d.github.io/MQTT_V3r1_Protocol_Specification_vi.htm
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Khi server nhan dugc mdt message PUBREL tur publisher, server s¢ dua
message d6 dén cac subscriber quan tam, va giri message PUBCOMP véi cliing mot
Message ID dén publisher. Khi mot subscriber nhan mot message PUBREL tir server,
thi n6 c6 thé sir dung message da nhan dugc cho cac tmg dung phia trén, dong thoi

cling giri mot message PUBCOMP dén server.
» PUBCOMP — Publish dam bao hoan thanh (level 3)

Message nay hodc la tra 1o1 tir server cho message PUBREL tur publisher, hodc
tra 101 tir subscriber cho mot message PUBREL tir server. N6 1a message cudi cung

trong flow QoS level = 2. Bang dudi day chi ra dinh dang ciia phan header thay dbi

duoc.
Béng 3.11: Pinh dang cau lénh pubcomp(3)
bit 7 | 6 | 5 | 4 3 2 | 1 0
byte Message type (7) DUP flag | QoS flags RETAIN
0 1 1 1 X X X X
byte Remaining Leghth (2)
0o ] o] o | o[ o [ o0 1 0

Khi client nhan dugc mdt message PUBCOMP, n6 s€ quén message chinh boi

vi n6 da duoc chuyén dén server chinh xac mot lan.
» SUBSCRIBE

Message SUBSCRIBE cho phép client subscribe mot hodc nhiéu topics véi
server. Message duoc published 1én server s& dugc chuyén dén client bang message
PUBLISH . Message SUBSCRIBE ciing chi ra QoS level ma subscriber mudn nhan

message. Phan header ¢ dinh dugc miéu ta & bang dudi day.


http://minatu2d.github.io/MQTT_V3r1_Protocol_Specification_vi.htm
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Bang 3.12: Pinh dang cau Iénh subscribe

bit 7 6 5 4 3 2 1 0
byte Message type (8) DUP flag | QoS flags RETAIN
1 0 0 0 0 0 1 X
byte Remaining Leghth (2)

Khi nhan dugc mdt ndi dung message SUBSCRIBE message, server tra 161
bang message SUBACK.

» SUBACK

Message SUBACK message dugc giri boi server dén client dé bao voi client
rang n6 da nhan message SUBSCRIBE. Bang duéi day chi ra chi ra dinh dang phan

header c6 dinh.

Bang 3.13: Pinh dang cau Iénh suback

bit 7 6 5 4 3 2 1 0
byte Message type (9)| DUP flag | QoS flagss RETAIN

1 0 0 1 X X X X
byte Remaining Leghth (2)

Message SUBACK chira mot danh sachh QoS levels da dugc cap. Thir tu Cac
QoS levels bén trong message SUBACK sé& khdp theo thir tu ciia cac topic name
tuong tng trong message SUBSCRIBE.

» UNSUBSCRIBE

Mot message UNSUBSCRIBE dugc giri boi client dén server dé unsubscribe

mot topic name nao d6. Bang sau chi ra mét vi du ctia phan header ¢6 dinh.


http://minatu2d.github.io/MQTT_V3r1_Protocol_Specification_vi.htm

Béang 3.14: Pinh dang cau lénh unsubcribe

bit 6 5 4 3 2 1 0
byte Message type (10) DUP flag | QoS flags RETAIN
0 1 0 0 0 1 X
byte Remaining Leghth (2)
» PINGREQ

Message PINGREQ c6 nghia 1a message "Két n6i van t6t diing khong?" duoc

gui tir mot client da két ndi dén server. Bang sau chi ra dinh dang ctia phan header c6

dinh.
Bang 3.15: Pinh dang cau Iénh pingreq
bit 6 5 4 3 2 1 0
byte Message type (12) DUP flag | QoS flags RETAIN
1 0 0 X X X X
byte Remaining Leghth (2)
0 0 0 0 0 1 0

Céac co DUP, QoS, and RETAIN khong duogc st dung. Tra 101 cho message
PINGREQ Ia m0t message PINGRESP.

» PINGRESP

Mot message PINGRESP duogc gt tir server cho mot message PINGREQ va

n6 c6 nghia 1a "OK". Bang sau chi ra dinh dang ciia mdt header cd dinh.
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Bang 3.16: Pinh dang cau I€nh pingresp

bit 7 6 5 4 3 2 1 0
byte Message type (13) DUP flag | QoS flags RETAIN
1 1 0 1 X X X X
byte Remaining Leghth (2)
0 0 0 0 0 0 1 0

> DISCONNECT

Thong diép DISCONNECT duoc gtri tir client dén server dé bao rang no s&
dong két ndi TCP/IP dang két ndi. Mot server khong nén dé viéc dong két ndi nay
cho phia client sau khi nhan théng diép DISCONNECT. Pinh dang ciia phan header

¢ dinh dugce chi ra dudi bang sau.

Bang 3.17: Pinh dang cau Iénh disconnect

bit 7 6 | 5 4 3 2 1 0
byte Message type (14) | DUP flag QoS flags RETAIN
1 1 1 0 X X X X
byte Remaining Leghth (2)
0 0O 0 0 0 1 0

Cac co DUP, QoS, and RETAIN khong dugc s dung trong message
DISCONNECT.

3.4 Két luan chwong

Chuong 3 d4 trinh bay tom tit va hiéu rd hon vé khai niém, kién tric, mé hinh,
cac tng dung trong méi trudng [oT. Hiéu rd khai niém va md hinh giao thc MQTT,
mot giao thirc truyén tin dang publish/subscribe str dung cho céc thiét bi Internet of
Things voi bang thong thap, do tin cy cao va kha niang duoc sir dung trong mang

ludi khong on dinh.
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CHUONG 4: THIET KE PHAN MEM, TiCH HQOP VA
VAN HANH THU NGHIEM SAN PHAM

4.1 Thiét ké phan mém cho may in 3D khé réng

Khi tinh dén diéu khién tong thé mdy in 3D dong bd voi didu nhiét dau dun,
diéu nhiét givdng in va didu khién motor cap day, so dd chuong trinh diéu khién téng
quat duoc thiét ké nhu trén hinh 4.1.

Doi voi hé théng gdm may tinh két ndi voi may in 3D, may tinh chiu trach
nhiém “cit 14t” - chuyén d6i file 3D thanh dir liéu G-code ma may in 3D c6 thé hiéu
duoc. V@ co ban, “cat 1at” mot tap tin c6 nghia 1a xac 1dp cac tham sb in cho ddi
tugng s& duoc in ra. Cac thong sb bao gdm (nhung khéng gidi han): chiéu cao 16p,
tdc do in, nhiét do vat liéu va nhiét do giuong in. Ban than t€p G-code chi la mot danh
sach cac 1énh riéng 1é dat cac tham s va di chuyén dau in theo mot duong dan cé thi
tu trén cac truc X, Y va Z.

Phan mém cit lat dugc soan thao va cai dat trong may tinh. File G-code ciing
¢6 thé duoc luu trong bd nhd ngoai nhu USB, Flash hodc thé nhd SD. Mdy in 3D co
tram truyén thong co thé nhan dit liéu G-code tir cic bo nhd nay dé thyc hién tao san
pham ma khong can méy tinh. Cac may in tién tién c6 thé nhan file G-code tir internet,

V.V...

Trao ddi dir liéu may tinh - CPU
(MS hinh in 3D tao b&i CAD)

¥

M& hinh in 3D tao bdi CAD
Tao file STL, Cat I1&p, tao G-Code

Bidu khién nhiét d& dau dun, nhiétdd giwdng in |

Tao G-Code |

v
[Command x| [Commana v| [Command =] [Sommand o

Driver X Driver Y || Driver Z || Driver D |

- e o @

Hinh 4.1: Giin dd chwong trinh tong quat cho may in 3D khd rong
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Trong dé tai, phan mém cho may in 3D khd rong dugc xay dung trén nén tang
Reprap Firmware. Reprap Firmware 1 phan mém toan dién, chu yéu danh cho viéc
diéu khién may in 3D, khic / cit laser va CNC. Phan mém nay chi sir dung véi bo xir
1y 32 bit, nén hién nay dugc str dung chu yéu cho cac may in 3D hién dai.

RepRap Firmware 1a mot nén tang d6i méi trong phin mém may in 3D. Reprap
Firmware duoc xem 1a firmware dau tién duoc gi6i thiéu cho céng nghé in 3D ngudn
md va hau hét cac phan mém in 3D hién nay van chua duoc cung cip béi bat ky

firmware nao khac.
4.1.1 Tong quan phan mém Reprap

» Mo ta chung
Reprap Firmware chay trén cac bo vi xtr 1y 32 bit nhu by xur 1y Atmel,
Microchip nhu: SAM3X8E, SAM4ESE, SAM4S8C . Ngoai ra, con c6 mot céng cho
cac bo mach sir dung bd xtr Iy LPC1768 hoic LPC1769. Reprap Firmware hd trg may
in 3D, may CNC, may cat laser va may khéc,.. thuc hién quy trinh nhan dur liéu, tao
G-code va Iénh diéu khién cac motor van hanh truc X-Y-Z va dun nhuya.
> Cau truc file in 3D
Dé may in 3D hoat dong thi firmware can c6 cac file in trén thé SD, tén file c6

phan bi¢t chir hoa chir thuong:

- Thiét lap file /sys/config.g
- Dat macros G-code trong thu muc /sys

- Dat cac macros khoi tao ciia nguoi dung trong thu muc /macros
Thé SD phai dugc dinh dang theo dinh dang FAT32.
4.1.2 Bién sogn RepRap cho may in 3D khé réng

> Tao file ciu hinh chinh (Main Configuration File):
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e Prologue and communications section

M111 SO ; Debug off

M550 PMyOrmerod ; Machine name

M551 Preprap ; Machine password

M540 POxBE:OxEF:0xDE:0OxAD:0xFE:0OxED ; MAC Address
M552 P0.0.0.0 ; IP address (0 = use DHCP)

M554 P192.168.1.1 ; Gateway (not used yet)

M553 P255.255.255.0 ; Netmask

M555 P2 ; Set output to look like Marlin
M575 P1 B57600 S1 ; Set auxiliary serial port baud; rate

e Movement section

M569 PO S1 ; Drive 0 goes forwards

M569 P1 SO ; Drive 1 goes backwards

M569 P2 S1 ; Drive 2 goes forwards

M569 P3 S1 ; Drive 3 goes forwards

M569 P4 S1 ; Drive 4 goes forwards

M574 X0 Y1 Z0 S1 ; set homing switch configuration (Y

; homing switch only, at low end,
; active high)

M906 X800 Y1000 Z800 E800 ; Set motor currents (mA)
M201 X800 Y800 Z15 E1000 ; Accelerations (mm/s”2)

M203 X15000 Y15000 Z100 E3600 ; Maximum speeds (mm/min)
M566 X600 Y600 Z30 E20 ; Maximum jerk speeds mm/minute
M208 X200 Y200 Z200 ; set axis maxima and high homing

; switch positions (adjust to suit
; your machine)

M208 X-8 YO Z-0.5 S1 ; set axis minima and low homing
; switch positions (adjust to make

; X=0 and Y=0 the edges of the bed)
M92 X80 Y80 74000 ; set axis steps/mm

M92 E420:420 ; set extruder 0 and 1 steps/mm
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G21 ; Work in millimetres
G90 ; Send absolute coordinates...
M83 ; ...but relative extruder moves

e Z probe section

M558 P1 X0 YO Z1 H3 ; smart IR Z probe, used for homing Z
; axis only, dive height 3mm

G31 P500 X11.0 Y0.571.65 ; set threshold and offsets

M210 Z500 ; set Z probing speed

e Heater and thermistor section

M305 PO T100000 B3950 R4700 HO LO ; Put your own H and/or L
; values here to set the bed
; thermistor ADC correction
M305 P1 T100000 B4388 R4700 HO LO ; Put your own H and/or L
; values here to set the first
; nozzle thermistor ADC correction
M305 P2 T100000 B4388 R4700 HO LO ; Put your own H and/or L values
; here to set the second nozzle
; thermistor ADC correction
M301 H1 P1010.10 D100 T0.50 S1.0 ; PID settings for extruder O
M301 H2 P1010.10 D100 T0.50 S1.0 ; PID settings for extruder 1
M570 S120 ; Increase to allow extra heating
; time if needed
M141 H3 ; Uncomment this to set chamber
; heater/thermistor channel

e Homing files

GI1 ; relative mode
G174 F200 ; raise head 4mm
G1 X-240Y-240 F3000 S1 ; move up to 240mm in the -X and -Y
; directions until the homing switches are
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;triggered
G1 X4 Y4 F600 ; move slowly 6mm in +X and +Y directions
G1 X-10Y-10S1 ; move up to 10mm in the -X and -Y directions
; until the homing switches are triggered
G90 ; back to absolute mode

G1 X100 Y100 F2000 ; put head over the centre of the bed, or
; Wwherever you want to probe

G30 ; lower head, stop when probe triggered and
; set Z to trigger height

e Bed probing file

M561 ; clear any existing bed transform
G30 PO X10 Y10 Z-99999 ; define 4 points in a clockwise
;direction around the bed, starting near(0,0)
G30 P1 X10 Y190 Z-99999
G30 P2 X190 Y190 Z-99999
G30 P3 X190 Y10 Z-99999
G30 P4 X100 Y100 Z-99999 SO ; finally probe bed centre, and calculate
;compensation
G1 X0 YO F5000 ; move the head to the corner (optional)

4.1.3 Thiét ké phan mém cat lép va mod phéng cho may in 3D khé rgng

Hi¢n nay c6 mot sO phan mém nén tdng ma nguoén mé duge ing dung dé xay

dung Phan mém khoi tao ma G-code va diéu khién cho may in 3D loai FDM:

e Phan mém LinuxCNC (www.linuxcnc.org) 1a phan mém ma ngudn mo dé diéu
khién van hanh cho cic may CNC, mdy cat plasma, robot cong nghiép,
hexapod, dac biét la may in 3D Reprap.

e Slic3r Ia phdn mém slicer m3 ngudn md véi danh tiéng dé thém céc tinh nang
lam muot canh va géc ma khong thé tim thiy & bat ky phan mém nao khac.

Tinh ning dic biét ctia no 1a dién day dang t6 ong 3D ciia Slic3r, tao ra cac


http://www.linuxcnc.org/
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hinh dang hitu ich vé mat cau tric trong 3D trong toan bo két cAu ctia mot ban
in (hinh 4.2).

§ sicxe = & X%
File Plater Object Window Help
Plter  prnt Settings  Flament Settings  Printer Settings

§ Add... Delete 3 Delete Al € Arrange Scates . Spiit Q. Settings...
Printer: | () - defoutt -
$bpotSTL..  Sbiport G-code...

B | Name Cop  Scale

handstl 1 100%

info

Size: Volume:
10L15 | Facets Materials:

Manifold:

Hinh 4.2: Giao dién tao ma G-code Slic3r
Cura 13 phan mém in 3D ma ngudn mo, dé tiép can, d& dang tai vé (hinh 4.3)
dé ung dung cho cong viéc in 3D.

fow- 18002 - o
Tooh Machna Gipat ey

ey W
Wregebws B3

|rovenimi B0 )| ™M ,‘
[ - } \

)

S =
ot Temomratare
ooy %
oot

ot e

P abeson e e

Hinh 4.3: Giao dién phin mém Cura
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Chtrc nang cua CURA nhu sau:

- To1 uwu hoa cau hinh cho cac vat li€u cua Ultimaker.
- Giao di¢n nguoi dung truc quan, dé st dung.

- In nhiéu di twong cung luc véi cac thiét 1ap khac nhau cho timg ddi
tuong.

- Cura hd tro dinh dang tép .STL, .3MF va .OBJ
- Mai ngudn mé va hoan toan mién phi.
- Tbi uu cho viéc in dun kép.

Duéi day 1a mot s6 tap 1énh thudng ding v6i may in 3D bang 4.1.

Bang 4.1: Cac tap 1énh pho bién ding cho may in 3D

Ma Iénh Ciu tric Chirc nang
GO GO Xnnn Ynnn Znnn Di chuyén nhanh
Ennn
G1 Xnnn Ynnn Znnn . 2 . 2
G1 Ennn Ennn Di chuyén theo duong thang
G2/G3 Xnnn Ynnn . 2 \ \ .
G2/G3 Znnn Ennn Ennn Di chuyén theo cung tron, dudong tron
G17, G18, - 2.
G19 Lua chon mat phang in
G21 bat don vi theo hé mét
G20 bat don vi theo hé Inch
G28 G28 XY Z Vé home
G90 Str dung toa d6 tuyét doi
G91 Str dung toa do tuong doi
M18 M18 XY Z EO Vo hiéu cac truc
M21 Cai dat thé nho
M24 Bat dau/ tiép tyc in tir thé nhd
M104 | M104 Ennn Cai dat nhiét d6 dau phun
M106 Bat quat tan nhiét

M107 Bat quat tan nhiét
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M114 Lay toa do vi tri hién tai
M119 Tra vé trang thai endstop
M120 Bat endstop
M121 Tt endstop
M140 | M140 Snn Set nhiét d6 ban nhiét
Mis0 | M50 Rnnn Unnn Thiét 1ap mau hién thi

Bnnn

Doi dén khi ban nhiét dat dén nhiét do

M190 M190 Shn dugc set (dung khi gia nhiét nhya)
M200 | M200 Dxx Cai dat duong kinh soi nhwa
M201 | 201 Xnnn ¥nnn Cai dit gia toc in ti da

Znnn Ennn
M203 | M203 Xnnn¥nnn Cai dat toe 4o in téi da

Znnn Ennn

» Chu thanh file G-code trén co sé File STL

File G-code, ngon ngit cia may in 3D duogc tao tr cac File STL. STL (Standard
Triangle Language hay StereoLithography) 14 1 dinh dang file st dung phd bién trong
linh vyc thiét ké 3D. File STL m6 ta bé mit hinh hoc cua céc vat thé 3D va duoc sir
dung dé xay dung mé hinh vat Iy CAD 3D. M hinh 3D ciia mau in dugc thé hién &

dang ludi (mesh) gdm nhirng mit tam giac lién két v6i nhau. File STL cung cap diém

tham chiéu ma tir d6 vat thé dugc in (hinh 4.4).

Hinh 4.4: Céu tric miu in duéi dang lwéi (mesh)
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File STL sir dung cac tam giac ba chiéu va hoat dong nhu cac luéi a0, mdi ludi
bao gébm mot tip cac canh phan chia phan bén trong va bén ngoai cia vat thé. Cac
canh nay duogc sir dung gidng nhu mét thude do dé dam bao nguyén tic tir dinh dén

dinh, tat ca cac canh déu c6 chung 2 mit véi tam giac lién ké (hinh 4.5).

Hinh 4.5: Ban chit ciia mét khoi 1ap phwong va mét khoi ciu

Dinh dang file STL cung cap hai cach khac nhau dé luu trir thong tin vé cac
mat hinh tam giac xép 1én bé mat dbi tuong dugc goi la ma héa ASCII va ma hoa nhi
phan. O cé hai dinh dang thong tin cia mdi tam giac dugc luu trit nhu sau (Hinh 4.6):

- Toa d0 cua cac dinh.

- Céc thanh phan ctia vecto phap tuyén don vi ddi v6i tam giac. Vecto phap

tuyén phai hudng ra ngoai d6i véi mé hinh 3D.
1 Out

CoW
. :

Hinh 4.6: Toa d9 ciia cac dinh va cic thanh phin ciia vecto phap tuyén

e Dinh dang file ASCII STL
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- File ASCII STL bt dau bang dong:

solid <name>

Trong d6: <name>  :la tén ctia mo hinh 3D.

- File tiép theo gom thong tin vé cac hinh tam giac bao quanh. Thong tin vé
cac dinh va vecto phap tuyén dugc biéu dién nhu sau:
facet normal nx ny nz
outer loop
vertex vix vly viz
vertex v2x v2y v2z
vertex v3x v3y v3z
endloop
endfacet

Trong d6: n :1a phap tuyén cua tam giac; v1, v2, v3 :1a cac dinh cta tam giac.

- File két thuc bang dong bt budc:
endsolid <name>

e Dinh dang file Binary STL
- File STL nhi phan bat dau véi header 80 ky tw. Sau header tong s6 hinh

tam giac dugc biéu thi bang cach sir dung sd nguyén khong diu 4 byte.

UINTB8[80] — Header
UINT32 — Number of triangles

- Mbi tam giac duoc biéu dién bang mudi hai sé dau phay dong 32 bit. Ciing
gidng nhu file ASCII STL, 3 s6 1a toa d6 Descartes 3D ctia phap tuyén voi
tam giac, 9 s6 con lai 14 toa do cua cac dinh.

Foreach triangle
REAL32[3] — Normal vector
REAL32[3] — Vertex 1
REAL32[3] — Vertex 2
REAL32[3] — Vertex 3
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UINT16 — Attribute byte count
End
e Cécquy tac ddc biét cho dinh dang STL
- Quy tic vé dinh: M&i tam giac phai chia sé hai dinh v6i cc tam giac 14n can

cua no (hinh 4.7).

Ly £

Hinh 4.7: Quy tic dinh tam giac

a. Sai b. Dlng
- Quy tac dinh huéng: Quy tic dinh hudng ndi rang hudng cua mit (hudng nao

1a "trong" ddi trong 3D va hudng nao 1a "ra") phai duoc chi dinh (hinh 4.8).

/}\/
/ (U >

' /
L
2
Hinh 4.8: Quy tic dinh huéng

- Quy tic bat phan duong: Quy tic bat phan duong ndi rang toa do cua cac dinh

tam giac déu phai duong (Hinh 4.9).
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Vi

Hinh 4.9: Quy tic bat phan dwong

- Quy tic sip xép tam giac: Quy tic sip xép tam giac khuyén nghi rang cac tam

giac xuat hién theo thir tu gia trj z ting dan.

4.2 Piéu khién nhiét do dau in may in 3D khé réng
Hé diéu nhiét cho dau dun may in 3D kho rong dugc thiét ké theo nguyén Iy

diéu khién vong kin (Hinh 4.10)

220VAC

BO DIEU KHIEN/ Controller
B thu
. do sai léch Sai lach ) L_c‘gi ra ‘
Gia tri Sp . Error Kiéu dieu khien X B6
aat m— diéu khién @ > cgng suét
e=Sp-Cm
: p Control Modes Drive
Cm C A 2z
P Day dot
Gia tri do \
nhiét do 2
BO
khuéch dai
gia tri do

nhiét R

Hinh 4.10: Hé diéu khién nhiét d9 theo vong kin
B diéu khién nhén gia tri do tir cam bién (Cm) va duoc so sanh véi gia tri dit
(Sp). Sai léch giita chung (€) dugc bd diéu khién xtr Iy va tao ra tin hiéu diéu khién X

dé di€u khién nguoc lai nhiét do cua 1o, gilr nhiét do 10 ¢ gia tri Sp. PG map mo cua
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gia tri thong s6 cong nghé dugc di€u khién tuy thudc vao kiéu diéu khién va dugc

mong mudn c6 gi tri nho.
4.2.1 So do nguyén ly diéu khién nhiét dp

So dd do nhiét do véi Thermocouples hodac PT100 duoc st dung chip
MAX31855 (Hinh 4.11) [27].

MAX31855 thuc hién viéc do va ma hoa gia tri do tur cap nhiét dién loai K-,
J-, N-, T-, S-, R- hoac E vai bul trir nhiét. Dit liéu dwoc xuat ra ¢ dinh dang chi doc
14 bit, twong thich SPI. D6 phan giai nhiét do cta vi mach nay dén 0,25 °C, cho phép
doc nhiét do trong khoang tir -270 °C t&i + 1800 °C. Ddi véi cap nhiét dién loai K,
cho phép do tir -200 °C dén + 700 °C véi d6 chinh xac cua cap nhiét dién 1a + 2 °C.

+3V3
+3V3

]
w

=
ﬁ‘m
w o
on | O
ot
CONN_01X05
|
5

Ui *|  MAX31855KASA
S 5 SCK
T oyl Miso

6 cs

[ol
™
. +3V3
—

Hinh 4.11: So d6 nguyén li by do nhiét cho Thermocouple — PT100

i
2
3

HEADER

ﬂ

(@]
|
uw
=
o| %
| Q
5TD

-

m

4

E3

5

-

-

=

o

z
T

GND

MAX31855 dugc két ndi véi CPU-2 d@é thuc hién thuat toan diéu nhiét. Viéc
str dung vi mach tich hop MAX31855 nhé gon thay cho mach khuéch dai, bl trir nhiét
ADC, giao dién cho phép giam thoi gian thiét ké, diéu chinh va giam chi phi. Viéc
két ndi chip do véi bo vi diéu khién theo duong tiéu chuan SPI ciing don gian (hinh
4.12).
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Vee

0.1pF
MAX31855

Ihsa

GND MICROCONTROLLER
SO MISO

T+ SCK SCK

T- cs S8

Hinh 4.12: So 46 mach b do nhiét cho Thermocouple — PT100
Tuong tw, B diéu khién nhiét givdng in ciing duoc két ndi voi CPU-2 dé

diéu nhiét giuong in (hinh 4.12).
4.2.2 Gidi thudt diéu khién

Bo diéu nhiét sir dung giai thuat diéu khién PID (hinh 4.13)

—> P Ke(t)

O}V ST Ketoar Yo YUN Ty HUR

»
+ Process

- +

de(t
—>» D Kd%

Hinh 4.13: Giai thuat diéu khién PID

de(t)

Trong d6: u(t) = K,.e(t) + K; fot e(r)dt + Kg — (4.3.3)

u(t) = K, (e(t) + Tlifot e(t)dt + T, dz(tt)) (4.3.4)
Khau ti I€: Pout = K,.e(t) (4.3.5)
Khau tich phan: ~ Tout = K. [ e(z) dt (4.3.6)
Khau dao ham: Dout = K,. dz(tt) (4.3.7)

Trong d6: Pout: Thira sé ti 16 cua dau ra; Kp: Do loi ti 16; e(t): Sai sd; t: thoi

gian hodc thoi gian tirc thoi (hién tai); lout: Thira s6 tich phan cua dau ra; Ki: Do loi
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tich phan; t: Mot bién tich phan trung gian; Dout: Thira s tich phin cua déu ra;
Kd: D6 loi dao ham; e(t): Sai sd; t: Thoi gian hodc thoi gian tic thoi (hién tai).

Lua chon thong s PID: C6 hai phuong phap lwra chon tham sb chinh dinh cho
gidi thuat P.I.D.: Phuong phép thir dang — sai va phuong phap giai tich.

Theo phuong phap thir ding — sai nguoi thuc hién tién hanh ldy 1an luot cac
gia tri cho bo tham sb P.LD. va thir cho dén khi ndo nhan két qua dtng. Mic du diy
1a phuong phap duogc sir dung rong rai trong cac hé thong ty dong co chire ning gidi
han, nhung phuong phap nay doi héi kinh nghiém vé hé diéu khién va ton nhiéu thoi
gian. Ngoai ra, ta khong hiéu hét duoc y nghia ctiia tham sé dd chon d6i v6i hé va
khong 1 gié tri chon dugc ¢o tdi vu hay khong. Tuy vay, trong vai thap nién qua,.

Ziegler va Nichols [50] da dé xuat phuong phap giai tich, dya trén kinh nghiém
diéu khién cac day chuyén cong nghiép nhiéu nam. Giai phap co ban gdm 2 budc:

- Budc 1: Xéc lap gia tri Ki va Kq vé zero. Van hanh hé thong véi timg budc
lénh. Tang tir tir gia tri Kp cho dén khi vi tri truc bit dau dao dong. Tai diém
nay, ghi lai gia tri Kp va xac 1ap Ko bang gia tri nay. Ghi lai tan s6 dao dong
fo.

- Budc 2: Xac lap gia tri P.I.D. cubi khi str dung phuong trinh 4.3.8.

K, =0,6K,, Nm/rad

K,=2f,K;, Nm/(rad.sec) (4.3.8)
K, :ﬁ, Nm/(rad /sec)
8f,

Tir biéu thirc trén c6 thé nhan xét 1a tham s6 ti 1¢ anh hudng t6i dic trung tong
thé cuia hé thong. Tham sb tich phan can dé thuc day viéc dua sai sb dinh vi vé zero
khi I¢nh dinh vi khong ddi va tham sé dao ham can dé cung cép tac dong nén khi h¢
bat dau c6 dao dong. Diéu khé khin 1a tit ca 3 tham sé P.I.D. c6 lién quan v6i nhau,

cho nén khi chinh 1 tham s0, s€ gdy anh hudng dén viéc di€u chinh cac tham so trudc
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d6. Cac két qua thiét ké thong s6 PID theo Phuong phap Ziegler—Nichols cho trong
bang 4.2.

Bang 4.2: Bang thiét 1ap cac thong s6 Kp, Ki, Kd, Ti, Td

Phwong phap Ziegler—Nichols

Control Kp Ti Td Ki Kd
P 0.5Ku - - - -
| 0.45Ku | Tu/1.2 - 0.54Ku/Tu -
D 0.8Ku - Tu/8 - KuTu/10
classic PID 0.6Ku Tu/2 Tu/8 1.2Ku/Tu 3KuTu/40
E‘Zslze” Integral 7'%” L1 otus | 3Tw20 | 1.75KwTu | 21KuTu/200
Some overshoot Ku/3 Tu/2 Tu/3 O.66(ZKu/T KuTu/9

> Thiét 1ap thong s PID trong RepRap Firmware
Trén thé gidi c6 nhiéu loai may in 3D véi nhitng nén tang cong nghé in khac
nhau. Hién nay, cong dong DIY M4y in 3D dang sir dung nén tang ma ngudén mo
Reprap (cong nghé FDM) dé diéu khién va giam sat.
Thong sé PID dugce xé4c 1ap trong RepRap Firmware in 3D FDM nhu sau:
- Hotend parameters: M301 Hn P10 10.1 D100 T0.4 W180 B30.
- Bed parameters: M304 P85 15 D500 T2.7 W255 B5.
- Ziegler-Nichols: Thiét 1ap S = 1.0, P = 20, B = 30; I= D=T =0.
Tinh T theo cong thirc:
T =average_pwm*256/(temperature_reached - room_temperature)  (4.3.9)
Do chu ky giao dong Tosc: P =Posc/3 ; | = 2P/Tosc; D = Tosc * P/3

- Phan mém giam sét cac thong s6 may in 3D dugc trinh bay trén hinh 4.14.



47

Temperature Control GCode Viewer Terminal Timelapse

300 W Actual Target Il Bed Actual Bed Target

250

200

50

-9 min -7 min -5 min -3 min -1 min

Temperature Bed Temperature
Current: 200 °C Current: 24.1 °C
Target: 200 °C Target: -
New Target New Target
200 | °C Set - 0| °C Set -
Offset Offset
°C. Set 0 e Set

Hinh 4.14: Phin mém giam sat cac thong s6 may in 3D

4.3 Cach thuc hién in 3D

Pé in 3D file STL phai dugc cat thanh cac 16p ngang phang, tinh toan lugng
vat li¢u ma may in cua can dun va thoi gian thyc hi¢n dya trén cai dat tur phén mém.
Tat ca thong tin ndy sau d6 dugc dong goéi thanh mot file G-code, ngdn ngit ciia may
in 3D. Khi file G-code di duoc tai 1én may in 3D, giai doan tiép theo 14 cac 16p hai
chiéu riéng biét d6 s& dugc tap hop lai thanh mot d6i tugng ba chiéu trén ban in. Piéu
nay dugc thyc hién bflng cach in nhiéu céc 16p mong nhu: nhya, kim loai hodc vat

liéu composite... va in tung 16p mét (hinh 4.15).
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CAM (Computer Aided Manufacturing) toolchain

Printer
CAD Model > stl file — communication
program
Controller
firmware
““®| Integrated Slicer & print program

Hinh 4.15: RepRap CAM toolchain

=
= e

/% g W \w\ \W
AR RS
N OO

N
VOt

Hinh 4.16: Qua trinh tao cic 16p trwéce khi in
4.3.1 Thiét Idp phan mém

> Budc 1: Chay phin mém Cura.

ewoBo

Hinh 4.17: Giao dién chinh ctia phin mém
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Thanh menu:

1. Menu chirc nang thuc hién céc thao tac xoay, diéu chinh kich c& vat thé.
2. M¢ nhanh file d¢ in.

3. Quan Iy cdu hinh mdy in.

4. Chon chét li¢u d¢ in.

5. Tuy chinh cac thong sb trude khi in.

6. Chirc nang cat 16p vat thé thanh timg 16p va file Geode.

7. Giao dién chinh hién thi hinh anh truc quan cua vat thé.

> Budc 2: Nhip vao Settings — Printer - Add printer dat tén “PRINTER3D-
VIELINA” - nhin “Add”

(3 Add Printer X

Add a printer

Add a networked printer <

Add a non-networked printer v

> Ultimaker BV,

Custom FFF printer

~  Custom
Manufacturer Custom

@ custom e princer Profile author  Ulkimaker

() smoothie Custom Printer

Printer name ‘ PRINTER3D-VIELINA

101Hero
3Dator GmbH

3Deometry Innovations

3DTech

>

>

>

> 3DMaker
>

> Abax3D Technologies
>

Alfawise

Hinh 4.18: Cu hinh mady in
> Budc 3: Thiét 1ap thong sé may: Cha y: Kich thudc 16n nhat ¢ thé cai dat
(X:1300 x Y:900 x Z:1200).
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(3 Add Printer X

Machine Settings

PRINTER3D-VIELINA #2
Printer Extruder 1

Printer Settings Printhead Settings
X (Width) 1000 mm X min -20 mm
Y (Depth) 1000 mm ¥'min -10 mm
Z (Height) 1000 mm X max 10 mm
Build plate shape Rectangular ¥ max 10 mm
Origin at center Gantry Height 100.0 mm
Heated bed Number of Extruders 1 v
Heated build volume Apply Extruder offsets to GCode v
Gcode flavor Marlin v
Start G-code End G-code

G28 ;Home M104 sO

Gl Z15.0 F6000 ;Move the platform down 15mr M140 SO

:Prime the extruder :Retract the filament

Hinh 4.19: Thiét 1ap thong s6 may in

> Budc 4: Thiét 1ap thong sé Extruder 1 nhu hinh — nhin “Next™:
- Nozzle size: 0.4 (thong s6 nay phu thudc vao kich thude dau in thyc té).
- Compatible material diameter: 1.75 (thong s6 nay phu thudc vao dudng

kinh nhya in thuc té).

3 Add Printer

Machine Settings
PRINTER3D-VIELINA #2

ppppppp

Nozzle Settings

Extruder Start G-code Extruder End G-code

Hinh 4.20: Thiét 1ap thong sé du in

» Budc 5: Chon vat liéu in: PLA hoac ABS ...

1 Generic PLA <




o1

PLA v‘

Chromatik »
Custom »
DsSM »
eMotionTech »
eSUN »
FABtotum >
Fiberlogy HD »
Filo3D 4
IMADE3D »
Innofill 4
Leapfrog »
OctoFiber 4
Polymaker »
REDD »
TiZYX »
Velleman 4
Verbatim »
ZYYX »
Manage Materials... Ctrl+K

Add more materials from Marketplace

Hinh 4.21: Danh sach vat li¢u in

> Budc 6: Thiét 1ap thong sé cho mé hinh in trudc khi in.

—o- —o-
=% Fine-0.1mm Ba2ow Qon Hon - =2 Fine-0.1mm B 20 Qon &on N
T T r T T R P ey o e VeS| I I I | | I BEE e moirea T IREESREE) ey
Print settings x Print settings X
Profile Fine * v Profile Fine P
O Search settings = £ search settings =
=, Quality v T -
L]
Material v
Layer Height & o mm
Printing Temperature 200.0 °C
Walls v 9 Temp
Wall Thickness 08 - Build Plate Temperature & 60
Wall Line Count 2 (% Speed W
Horizontal Expansion 0.0 mm Print Speed 60.0 nm/s
o Lo
i Top/Bottom v =, Travel v
Top/Bottom Thickness 0.8 mm Enable Retraction ~
Top Thickness. 0.8 mm Z Hop When Retracted
VW ranlima

Hinh 4.22: Théng s6 in cho mé hinh
Khi mé hinh xuét hién trén khu vuc tao hinh, thuong nhin qué nhé hodc qua
16n. C6 thé thay d6i hudng nhin bang cach di chuyén, phéng to va xoay khu vuyc tao
hinh
e Diéu huéng khu vuc xay dung Cura: Giir phim Shift va nhap chudt trai dé di

chuyén khu vuc tao hinh xung quanh man hinh.
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e Xoay quanh khu vuc tao hinh Cura: Giir phim Ctrl va nhip chudt trai dé xoay
quanh khu vyuc xay dung (Trong Ubuntu va Mac nhin nat chudt trai va kéo dé
xoay md hinh). Diéu nay rét thuan tién dé kiém tra mo hinh 3D tir moi gbc do.

e Thu phéng khu vuc tao hinh Cura: Sur dung con lan gitra chudt ctia chudt dé

phong to va thu nhé moé hinh.

Ultimaker Cura

O ervrersovieuna © cmcra =% Fine-0.1mm Baox Qo &on
L3
@
o
& O & @
b
F
o)
,
TWOBO

Hinh 4.23: Thao tac véi vat thé
> Budc 7: Thiét 1ap két nbéi Wifi dé thuc hién in san pham:
Menu ‘“Preference” — chon “Printers” — Local Printers chon “PRINTER3D-

VIELINA” — chon “MKS WIFI Connection” — chon “Connect”.

[ @ preferences x| [ @ wiks wart connection
General - .
Setings Printers Connect to Networked Printer
Materials Activats | Add Rename To print directly to your printer from Cura, please make sure your printer is connected to the same WIFI network as this computer, IF
Profiles you don't cannect your prntsr with Cura, you can still use SD drive to transfer g-code files to your printer.
PRINTER3D-VIELINA
“PRINTER3D-VIELINA Selact your printer from the list below:
Update Firmware Machine Settings MKS WiFi Connection Add Edit Famova | Rafrach
e[t
PRINTERID-VIELINA PRINTER3D-VIELINA
Type TFT WIFL
Firmware version
Address 192.168.4.1
Serssnshot support ™
Connect Image settings
If your printer is not listed, read the network printing
troubleshooting guide

Close Clase

Hinh 4.24: Két n6i may in 3D

» Budc 9: Thuc hién in tir giao dién chinh
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4.3.2 Thiét ké phan mém tich hop mé dun WiFi vao h¢ théng may in 3D

> Giao thirc truyén thong giita ESP WIFI va MCU

e Dinh dang
Segment Offset(bytes) Length(bytes)
Head 0 1
Type 1 1
Datalen 2 2
Data 4 dataLen
Tail 4+datalen 1
Padding 5+datalen 1019-datalen

e Upload cau hinh mang va versions firmware

Type = 0x00
Data:
Segment | Offset(bytes) | Length(bytes) Definition
IP 0 4 LAN IP
Port 4 2 Port of cloud service
Network state:
Ox0a: link ok
State 6 1 0x05: link fai
OxOe: exception (module
ID not valid)
Network mode:
0x01:AP
Mode 7 1 0x02:Client
0x03:AP+Client (not
ready now)
Wifi_nam 8 1 Length of wifi name
e len
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Wifi_nam

Wifi name string, no more

e ; Wifi_name_len than 32characters
Wii_key | 9+wifi_name 1 Length of wifi password
_len _len
- 10+wifi_nam - Wifi password string, no
wiri_key e len wiri_key more than 64 characters
Cloud link state:
0x12:  cloud enable
10+wifi nam connected, user binded
Cloud_sta e 0x11: cloud  enable
e_len+wifi_k |1 -
te ey - connected, not binded
0x10: cloud enable not
connected
0x00: cloud disable
11+wifi_nam
Cloud_ho e _len+wifi_k |1 Length of Cloud_host
st_len
- ey len
Cloud_ho 12+W|f|__n_am Cloud_host_le | Url of cloud server, no
e len+wifi_k
st - - In more than 96 characters
ey len
12+wifi_nam
Cloud_po | e_len+wifi_k 2 Port of cloud server
rt ey_len+cloud
_host_len
14+wifi_nam
e_len+wifi_k .
Id_len ey len+cloud 1 Length of Id_string
_host_len
15+wifi_nam ID string of the wifi
I strin e_len+wifi_k id len module, using to be
string ey_len+cloud - identified by the cloud
_host_len server
15+wifi_nam
e_len+wifi_k .
Ver len | ey len+cloud | 1 Le_:n_gt_h of the version of
. wifi firmware
_host_len+id

_len
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e Upload cac 1énh G-code
Type = 0x01
Data=$G-code Comand String + ”\r\n”
Reply = “ok\r\n”
M20 xxx: xxx 12 chudi ky ty khong vuot qua 1024 byte.
M23 xxx.G-code : Chon tap tin G-code
M24 : Néu qua trinh in chua bat dau thi 1énh nay sé& bat dau in, néu qua trinh in bi
tam dirng 1énh nay sé& tiép tuc in
M25: Tam dung in
M26 : Dung in
M27 : Pé nhan dugc qua trinh in, MCU sé& giri dinh dang sau: "M27 30 \r\ n" (30%)
M991 : Gid tri nhiét do, MCU guri dinh dang: “T:%d /%d B:%d /%d TO0:%d /%d
T1:%d /%d @:0 B@:0\r\n”
M992 : Thoi gian in, MCU gtri dinh dang: “M992 10:30:20\r\n”
M994 : Tén va kich thudc file in, MCU guri dinh dang: “M994 abc.G-code;size”
M997 : Trang thai hoat dong:
IDLE: “M997 IDLE\r\n”
PRINTING: “M997 PRINTING\r\n”
PAUSED: “M997 PAUSE\r\n”
M998: Chuyén ddi file in tir USB sang Sdcard hodc ngugc lai
e Upload phan doan dau tién cua tip tin in
Type = 0x02
Data:

Segment Offset(bytes) | Length(bytes)
fileNameLen 0 1
fileLen 1 4

fileName 5 fileNameLen




e Upload dir li€u cua tap tin in

56

Type = 0x03
Data:
Segment | Offset(bytes) | Length(bytes)
fragment |0 4
fileData 4 Do dai cua tap tin dit liéu

> Giao thuc truyén thong giita MCU va ESP WIFI

e Céu hinh mang

Type 0x00
Data:
Segment Offset(bytes) Length(bytes) | Definition
0x01:AP
0x02:Client
Mode 0 ! 0x03:AP+Client (not
used yet)
wifi_name len | 1 1 Length of wifi name
Wifi name string, no
wifi_name 2 wifi_name_len | more than 32
characters
wifi_key len | 2+wifi_name_len | 1 Length of wifi
password
Wifi password string,
wifi_key 3+wifi_name_len | wifi_key no more than 64

characters

e Thong tin phan hdi cac 1énh G-code

Type = 0x02
Data: Chudi dap tng

e Thong tin khac

Type = 0x03




S7

Data:
Segment | Offset(bytes) | Length(bytes) Definition
Exception | L 0x01: file truyén error
code 0x02: file truyén ok

e Thong tin Cloud

Type = 0x04
Data:
Segment Offset(bytes) Length(bytes) Definition
Ox0a: enable
cloud _enable |0 1 0x05- disable
cloud_host_len | 1 1 Length of Cloud_host
Url of cloud server, no
cloud_host 2 cloud_host_len | more than 96
characters
cloud_port cloud_host_len+2 | 2 Port of cloud server
e Kétndi Wifi
Type = 0x09
Data:
Segment | Offset(bytes) | Length(bytes) Definition
0x01: Connect to the wifi
Operation 0 1 0x02: Disconnect
code 0x03: Forget the password
of current Wifi

4.3.3 Module MKS TFT WIFI

Module wifi duoc thiét ké dé diéu khién may in 3D qua wifi, co thé két nbi
v6i cac man hinh cam tmg MKS (MKS TFT24, MKS TFT32, MKS TFT35, MKS
TFT70). HS tro truyén tai thong qua tmg dung va dam may.

e Thong sb ky thuat Module MKS TFT WIFI
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- Kich thudce: 32 x 24mm

- Céu hinh: Cloud Computing, Android/IOS App.
- Firmware Upgrade: SD Card, Web

- Tbc @6 truyén tai: 80 ~ 100 Kbytes

- Dién 4p hoat dong: DC3.3V

- File: G-code

- Giao thtc: TCP/IP

- Pham vi nhiét do: -30 ~ 80 °C

ReadyPEARe 1L

Makerbase

Hinh 4.25: MKS TFT + Wifi
e Cap nhat Firmware
- Copy 3 tap tin: mks_pic, mks_config, mkstft32 vao SDCard
- Gan SDCard vao man hinh TFT va m& ngudn
- Qua trinh cap nhat ty dong thuc hién.
e Cau hinh Wifi

#wifi mode(AP:1; STA:2)
>cfg_wifi_mode:1

#wifi name and password
>cfg_wifi_ap_name:MKS_wifi
>cfg_wifi_key code:makerbase
#Dynamic access IP
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>cfg_ip_dhcp_flag:1
#IP/mask/gateway
>cfg_ip_address:192.168.1.10
>cfg_ip_mask:255.255.255.0
>cfg_ip_gate:192.168.1.1

4.4 Ung dung giao thixc MQTT giam sat nhiét dd giwong in cia may in
3D

4.4.1 M6 td thiét ké hé thong
> Yéu ciu hé thong
Hé thong g dung cong nghé Internet of Things trong thu thap va dénh gia dix
lidu vé nhiét d6 giwdng in, cho phép giam sat nhiét do, va tdc do in trén nén web, v&

db thi thoi gian thuc thé hién su thay ddi cta thong s theo thoi gian trén web.
> So d6 khdi h¢ thong

KHOI CAM BIEN MQTT——»

KHOINGUON

Hinh 4.26: So' d6 khéi hé thong
Trong do:

Khéi cam bién: Sir dung cam bién nhiét ¢6 PT100, dé thu thap nhiét do trong
sudt qua trinh in.

Khéi xir 1y trung tam: Str dung module wifi ESP8266 dé xtr Iy dit liéu tir khi
cam bién guri vé va guri chung 1én server théng qua internet.

Khéi hién thi va canh bao: Dt liéu tir khéi xir Iy trung tim duogc gui 1én server

thong qua internet, tir day co thé sir dung bat ki mot méy tinh hay cac thiét bi c6 kha
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nang truy cap vao mang dé truy cap vao server, moi dit li¢u vé nhiét do déu duoc hién
thi trén web cho nguoi dung theo doi.

Khéi ngudn: Biéu chinh dién ap phu hop dé cung cip ning luong cho hé thong.

KHOI TAO THU VIEN ESPS266.
DHT,MQTT BROKER....

1

KET NOI TOI DIEM TRUY CAP
INTERNET

HOC DU LIEU
TU CAM BIEN

1

GUIDU LIEU LEN
WEBSERVER

I

Hinh 4.27: Luu d6 thuit toan chwong trinh
4.4.2 Phan cing thiét bi diéu khién

» ESP8266 12F
ESP8266 1a mot chip tich hgp cao c6 kha nang xtr Iy va Iuu trir manh mé& cho phép
n6 duogc tich hop véi cac bd cam bién, vi diéu khién va céc thiét bi ung dung cu thé
khac théng qua GPIOs véi mot chi phi téi thiéu va PCB téi thiéu.
Thong s k¥ thuat:
- Wifi 802.11 b/g/n , Direct (P2P), soft-AP.
- Tich hop giao thuc TCP / IP stack.
- Tich hop cong suit thap 32-bit CPU c6 thé duoc str dung nhu 1 bo vi xu Iy
ung dung.
> Cam bién nhiét 46 PT100
Cam bién nhiét do PT-100 14 loai RTD, st dung dién tr& thuan cua doan day
platin cuén theo dang 10 xo dit & vi tri dau ctia cam bién.
Uu diém cua cac cam bién RTD 1a khoang nhiét do do rong (-240 dén 649°C),

c6 do chinh xé4c cao, dJ phi tuyén nhd va tinh dong nhat cao cuia cac cam bién cung
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loai. Dé 14y tin hiéu ra, cAn cip dong I ¢6 dd 6n dinh cao cho cam bién (hinh 4.28).
Sut thé trén dién tro R ciia cam bién U = L.R. V6i gia tri dién trd R thay d6i tuyén tinh
theo nhiét do, dién thé 16i ra cam bién U cling 1a dai lugng phu thude tuyén tinh theo

nhiét dg. Po gia tri U, co thé x4c dinh chinh x4c nhiét do.

Hinh 4.28: Cam bién nhiét a6 PT100

> Thuyc hién trao d6i dit liéu gitta publish va subcribe

Dung ESP8266 lam Client dé két ndi 1én mot dich vu MQTT Broker la
ThingBoard. Giri (publish) dit li¢u 1én broker, va nhan thong tin (subcribe) tir broker,
kiém tra publish va subcribe dir 1i¢u gitta ESP8266 va MQTT Broker thuc hién bat
tat LED.

- Tao tai khoan va cdu hinh CloudMQTT.

- Tao va cau hinh MQTT Broker.
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icn | ThingsBoard Cloud Maher

BRI il ends on the Jan 11, 2022

P—ﬂ_{gThingsB rd [0 Device groups > [ Printer3D

A Home
Printer3D: Devices 4 + £ C Q
B3 Plan and billing 4 =
%= solution templates (D O crestesime & T Ll
3 le chains
0O 2219212160515 Printer3D-Vielina default e i

13 pata converters

&1 Integrations

Q@ Roles

= Customers hierarchy
© User groups
24 Customer groups
B Asset groups
[301 Device groups

GO An

(e Printer3D

[} Device profiles

I Entity view groups

Hinh 4.29: CAu hinh MQTT Broker
» Thuc hién do nhi¢t 36 givong in gui lén MQTT Broker

- DPau ndi cam bién nhiét d6 voi ESP 8266 nhu (hinh 4.30).

ESP-12F(ESP3266MOD) MAX31855KASA
e LEl SCLK (52 Shsck T+
-4 ADC mos 51 £{s0 T
—|EN GPIO10 £ Cs# 4
Hopio16  Gr1o9 2 DNC|FE—
2Grioi4  MIsO RS : :
8 Grio12 cso L —£1VCC  GND [H—
Zcpio13  TXDO 2
8vce RXDO 2 -—
e
Wepio2-  Gpioo 2 PT100

Hinh 4.30: So 6 nguyén ly két ndi cam bién nhiét do
Sau khi chuan bj xong phan cing, thuc hién chuan bi ma ngudn dé nap vao
NodeMCU. Thiét bi s& két néi Ién broker, sau d6 1ay dir liéu tir cam bién DT100, gui

dir liéu nhiét d6 giwong in Ién broker.



63

%Thmggﬂga‘rd > [0 Printer3D

# Home

Printer3D-Vielina

Printer3D: Devices /"

5 Plan and billng

5 Soluton templates G O cremeanme +

€ Rule chains
0O z;mazaz160515 FrinteraD-vieling
11 Datwconverters
=) integrations

Q Roies

= Customers hierarchy

6 User groups
24 Customes groups
B Asset groups
(30 Device groups
(0 A

(0 Primersn

— niecas EEEEEREER]

Hinh 4.31: Dir liéu nhié€t do giwomg in trén webserver
4.4.3 Diéu khién may in 3D tir xa thong qua internet
Viéc in tir xa khong con 1a qua kho, cho du chung ta & bat ky noi dau va diéu
khién may in 3D tré nén vo cing dé dang. Chung ta c6 thé diéu khién va giam sat qua
trinh in ma khong truc tiép tai may in (Hinh 4.32) thé hién so d0 tong quét qua trinh
két ndi va diéu khién tir xa.

MQTT— Theo ddi va diéu khién

may in 3D tir xa
WIFI ESP8266

Smartphone Laptop

=
Méy in 3D
Hinh 4.32: So' d6 két noi va diéu khién may in 3D
> Cau hinh diéu khién may in bang phdn mém trén may tinh bang wifi
Cura 1 phan mém cat 16p va xuit Geode cho may in 3D mi ngudn mé. N6
dua trén mang dugc ghép ndi véi tai khoan Ultimaker cua ban hién duoc phat hi¢n

trong danh sach mdy in; ngay ca bén ngoai mang cuc by. Ngoai ra phan mém Cura
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con cho phép ngudi dung két ndi voi may in bang wifi khéng can phai chép file Geode

vao thé SD sau do cam vao may in nita.

c]
Fle £t ew Sering: Eensicns Preerences Help
U e VIEW MONITOR
et
Satina
b IDVIELINA
P PRINTER3D-VIELINA

PRINTER3D-VIELINA

Uptate Feremee | Machine Settings | HIS Wi Phge
G

MKS Vi Plan & acove for thes prmer

Wore

Hinh 4.33: Cau hinh diéu khién may in 3D bang wifi

PREPARE PREVIEW MONITOR

‘* [ ]
S

sk © 48 minutes ®
z @ 30m
:
eeseo > J

Hinh 4.34: In sin pham tir xa thong qua két ndi wifi
> Cau hinh diéu khién may in bang dién thoai thong minh
Ngay nay dién thoai thong minh ngdy cang trd nén phd bién véi tat ca moi
ngudi. Chling gilip cho con nguoi thuan tién hon trong cong viée va cudc séng. Két
nbi may in 3D véi dién thoai thong minh gitp cho moi nguoi cé thé theo ddi va dicu

khién may in tir xa & bat ky noi dau.
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< Tim kiém
MKSCloud
o
\m @ y m M

( MKSCloud 2

Hinh 4.35: Ung dung két ndi may in 3D va dién thoai thong minh

Sau khi d3 cai dit ing dung thanh céng. Ching ta tién hanh két ndi tng dung
v6i may in 3D. Vao muc Equipment -> Add Wan Printer man hinh hién thi nhu
sau (hinh 4.36).

( Equipment Binding printer

No image

ReadyPrint). . . >Cloud

: Binded
A
ID ()
Unbind
Brand - -
Type --
Alias

Hinh 4.36: Két n6i may in 3D biang mi QR

Tiép theo lua chon cic mau vat thé can in. Chung ta co thé thao tac xoay vat

thé, phéng to hoac thu nho, diéu chinh truc XYZ cho phu hop véi may in.
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< Home Models Q < MKS H43 touch screen bracket and s...
3D printing ¥ The Latest Upload ~
' BLV_CUBE L0 79
Nut 2 years ago .
0 MrLug67 &0 ¥v0
P-plank 2 years ago

It is for my project

€ oioj L1 770

Backteriofag 2 years ago .

ODij L2 20

Adjust the size Next

Hinh 4.37: Chon cic mé hinh cin in

<RE Print Setting

MKS_H43F2.STL

File Type

.STL File

File Size

209.65KB
Every Thickness(mm) 01 >
Filldensities(%) 20 >
Bed Temperaturer(°C) 50 >
Printspeeds(mm/s) 30 >
Seallayer Counts 6 >
Exosporium Counts 2>

IsPumpback ()

Hinh 4.38: Céu hinh théng s trwéc khi in

Sau do6 ching ta chon may in can két noi dén va nhan nut in.
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LAN | Camera +

Qﬁ‘“ PRINTER3D-VIELINA
HJNLMOOOF4CFA2631724 @

MK'S

File name: CFFFP_t_bar_nutg.. (O T:00:00

=1

= =
Head1 15/200 183
Hot Bed: 15/60 60

Fan @ oN O oFF

|
L1 88 874

Equipment Home Mine

Hinh 4.39: Theo déi va diéu khién may in 3D bang smartphone
> Piéu khién va gidm sat may in tir xa bang website
Ngodi ra phan mém con ho trg nguoi dung c6 thé diéu khién va in 3D tir xa
bang trinh duyét web. Giup cho tit ca moi ngudi déu co thé tiép can dugc véi may in
mot cach dé& dang va nhanh chéng. Giap cho khach hang c6 thé lya chon duoc cac
mAu in ung y cia minh va tién hanh in san pham ngay lap ttc. Giao dién chinh cta

website dung dé két ndi va lya chon mau in tir xa (hinh 4.40).

Home  Category~ Modeling~  Special ~ MKSTOOL~ _ Upload Software ' EN~

Category AL Tools Education&Study Characters  Plants&Animals  Home Supplies  Hobbies  Art  Toys Fashion&ewelry  Digital Electronics  Building Structure
Subclas : m Accessories 3D Printing Test 3D Printer  Extruder

Sorting : COLLECTIONS ~ DOWNLOADS

See More »

®60 &0 %0

Hinh 4.40: Giao dién chinh cta website
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Sau khi chon mau vat can in. Chung ta c6 thé xem trudce mau in d6 hoic 1a

tai xuéng dé chép vao thé SD dé in.

Khung va gia d& man hinh cam rng MKS H43

Giéi thiéu :

Khung va gia d& man hinh cam (ng MKS H43

Tén tép Tai xuéng Kich thudc tap tin Hoat dong

MKS_H43 ndp du6iSTL 1 209,65KB n
MKS_Ha3 bia trénSTL 1 84,36KB [~ |

Hinh 4.41: MAu in 3D trén website

Giao dién xem trudc vét thé hién thi kich thudc cua vat thé. Vat thé tu dong

&

xoay 3 chidu dé ngudi dung xem rd duoc chi tiét vat th

Bia dudi ciia mé hinh MKS_H43. Bén xem trusc STL X

[ L] 1 L[ Db
| es

Chidu cao ban giu cia ma
hinhe16.1mem

Hinh 4.42: Hinh xoay 3 chiéu ciia vat thé
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Sau khi dd chon xong vat thé can in. Tiét theo chung ta thiét 1ap cac thong sb
cho vit thé trude khi in sau cho phu hop. Khi thiét 1ap xong ching ta nhan nut Bat

dau in dé tién hinh in vat thé.

56 si-ri HINLMOODF4CFA2631724
Bidanh PRINTERID-VIELINA
Logi may in 3D

Cai a3t théng 56

Nén tang Pham chét Tée d6, van the

T

Chibu cao lép (mm) 02
Mit do lip diy (%) 20
Nhigt 5 in ('C) 210
Tée 48 in (mm / 5) 30
Nhiét dé giveng (C)
Buéng kinh (mm)

Loai hé tre Mai not

© © © © © ©
® © F:

Logi kétdinh nénting gs

Hinh 4.43: Piéu khién may in 3D qua giao dién website

4.5 Két luan chuong

Chuong 4 trinh bay cac budc thiét ké phan mém cho may in 3D va cach thuc
hién in 3D. Hiéu rd vé céu tric va chuc nang cac chan cla sensor cam bién nhiét
PT100, kit ESP8266, qué trinh ddu ndi cam bién véi kit, ddng thoi thuce hién qua trinh
giam sat nhiét do trong giuong in va giri dit liéu 1én internet gitip chung ta c6 thé theo
déi qua trinh in ¢ bat cir dau bang ung dung trén dién thoai thong minh hoic trén
website.
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KET LUAN VA KIEN NGHI

Trong thoi gian trién khai thyc hién dé tai, chiing toi da hoan thanh day du cac
ndi dung nghién ctru ding ky, bao gom:

- Nghién ctu thiét ké, ché tao may in 3D kho rong, bao gém: Nghién ctru téng
quan, d& xuit cdu hinh; Nghién ctru co s¢ phuc vu thiét ké; Thiét ké, ché tao may in
3D kho rong, Tich hop - do kiém va ng dung thir nghiém.

- Nghién ctru thiét ké, ché tao may quét laser 3D kiéu tam giac luong, bao
gém: Nghién ctru tong quan, dé xuat cAu hinh; Nghién ctru co sé phuc vu thiét ké;
Thiét ké, ché tao may quét 3D, tich hop - do kiém va tmg dung thir nghiém.

Piém noi bat cuia nghién ciru bao gdom:

- Pé xuit va Gmg dung cac giai phap dong bd ning cao chét lwong ctia may in
3D nhu : Thiét ké co khi cing viing va can bang, st dung hé vit-me dai dc va cac
thanh dan hudng tro luc, thiét ké cac 6 truc, puli din dong chat luong cao; Giai phap
han ché sai sb dinh vi dau dun may in 3D kho rong, st dung dong co budc cho truc
Z, 1a dang dong co s6, cho phép diéu khién chinh xac vi tri ddu in. Cac dong co dan
dong truc X-Y la dong co AC servo, can lya chon cac bd truyén dong chat lugng cao,
vi du nhu Mitsubishi HC-KFS23 AC Servo Motor va MR-J2S-20A Driver; Giai phap
diéu nhiét tu dong dau dun va giuong in; Lya chon tdc do dun tuy thudc vao cAu tric
san pham in; Bo diéu khién may in 3D dang nhuing trén vi diéu khién manh 32 bit cho
phép diéu khién dong bd cac hoat dong ctia may in; Giai phap thiét ké phan mém
phan 16p pht hop, lua chon t6i wu thong sb duong dun.

- Pé xuat giai phap phan mém ty dong 1am nhin min bé mit trong tai dung mo
hinh 3D va ndi suy diém, bﬁng cach ap dung thuat toan Gaussian Blur dugc str dung
trong lam min anh hai chiéu.

- Két nbi may quét 3D v6i may in 3D khd rong thanh mot hé théng phuc vu

thiét ké nguoc.
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