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MO PAU

May in 3D kho 16n theo cong nghé FDM dé tao san pham véi
kich thude 16n cho phép tiét kiém thoi gian va chi phi khi ché tao mau.
Viéc tao san pham may quét 3D va két ni truc tiép v6i may in 3D kho
rong s€ nang cao muc ty dong hoa trong thlet ké nguoc. Trong dé tai
ndy, cac van d@é ning cao do chinh xac, do 6n dinh cho cac th1et bi in
kho rong va tich hop may quét voi 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 co thé str dung ngay cac file quét cho may in 3D.

May c6 cac tinh nang k¥ 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; B9 phan giai truc: X, Y, Z : 5, 10, I pm tuong ung;
Téc d6 in: 150 mm/s; Chiéu cao 16p in: 50-800 pum; File in: G-code,
STL file; B6 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, d6 chinh xac dudi 0,1 mm,
v&i d6 min gia cong phu hop trén may in 3D khd rong.

Giao thic MQTT hién dang mét giao thirc duoc sir dung phd
bién dung trong IoT, rat nhidu hing cong nghé di ap dung va hd tro
giao thirc MQTT cho céc tmg dung san phim ctia minh nhu Facebook
cho rng dung facebook message, IBM cho du an bao vé mdi truong,
Intel, Microsoft.

Luén van ¢6 cac ndi dung chinh nhu sau:

Chuong 1: Téng quan méy in 3D.

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

Chuong 3: Truyén s liéu giita cac thiét bj IoT thong qua giao
thuc MQTT.

Chuong 4: Thiét ké phan mém, tich hop va van hanh thir
nghiém san pham.
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CHUONG 1: TONG QUAN MAY IN 3D

Cong nghé in 3D 1a mot thanh té co ban trong cong nghé 4.0,
cho phép tao mét san pham bang cach tw dong bdi dip dan cac 16p vat
liéu (glay, nhya, kim loai,...) theo mét ban v& hay mot mo hinh 3D
thiét ké trudc trong may tinh, thay vi phai cit got phoi nhu gia cong
san pham truyén thong.

- Cong nghé SLA (Stereo Lithography Apparaturs): St dung
tia laser hod ran polymer (I6ng) nhay sang;

- Cong nghé SLS (Selective Laser Sintering): St dung tia
laser d¢ thiéu két vat liéu bot nhu nhya, kim loai, thach cao.

- Cong ngh¢ 3DP (3D Printing): Str dung nguyén ly tao 16p
(layer) glong nhu cong nghé SLS & trén va phan lién két cac layer voi
nhau thi giong véi cong nghé may in phun 2D binh thuong.

- Cong ngh¢ FDM (Fused Deposition Manufacturing): Su
dung vét liéu nong chay dun qua diu phun tao hinh, sau d6 dong cing.
Cong nghé in 3D FDM gdm céc thanh phan: May tinh - bo phan mém
thiét ké san phadm 3D - Thiét bj in 3D.

Hinh 1.1: Céc thanh phin may in 3D FDM [6]

Can cir theo muyc tiéu dé tai, ching toi s& tap trung vao thiét ké
ché tao may in 3D kho rong loai FDM. Trén Hinh 1.8 mo ta hoat dong
cuia khoi in 3D kiéu FDM.

Hinh 1.2: Thiét bi chinh in 3D FDM [13]
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Hé thdng van hanh theo 3 truc: Pau dun (b) dugc gin véi hé
thong X-Y va tim san (e) gin véi truc Z nang/ha. Vat liéu (a) tir cudn
qua ddu dun dugc nung chay va duoc rai thanh 16p bén trén san (e)
trong gi6i han tao hinh dinh trudc. Hai truc X-Y gin véi dau dun (b)
diéu khién dau dun dich chuyén va rai vat liéu hét dién tich dinh trude.
Hét mot 16p, vit-me truc Z s& ha tdm san (e) xudng 1 16p dé dau dun
rai 16p moi. Mdi 16p sau khi rai duoc 1am nguoi sé dong cing. Mau
sau khi duge ché tao can duogc lam sach va xtr ly bé mit b?mg phuong
phap: danh nham, son phu dé cai thién hinh dang va d6 bén cua no.

1.1 Cau hinh may in 3D khé réng kiéu FDM
May in 3D di duoc phat trién rit manh trong nhimg nim gan
day véi gia thanh tur vai tram USD (may FDM véi vat liéu nhya) téi
hang triéu USD (may in 3D vat liéu kim loai). Mot s6 nha san xuét
may in 3D tiéu biéu nhu dong may in 3D ciia Systems ProX DMP 320
hay Makerbot (Hinh 1.3 va Hinh 1.4).

Hinh 1.3: Dong may in 3D Hinh 1.4: Dong may in 3D ciia
kim loai ciia Systems Makerbot[8]
ProX DMP 320 [15]

Céu hinh may in 3D kho rong loai FDM dugc dé xuat can phai
dap mg cac muc tiéu nhu cho phép tao cac vat mau kich thudc 16m;
May in 3D duoc tich hop voi may quét 3D tao ra mot hé thong lién
hop tir quét t6i in 3D san pham ty dong.

Céu hinh may in 3D khé rong cua dé tai nay duoc chon 1a cdu
hinh 3 tryc tinh tién tao san phdm trén givong (san) in, md ta trén hinh
1.5.



Hinh 1.5: Céu hinh may in 3D kho réng 3 truc tinh tién [12]

Céu hinh may in 3D kho rong ctia dé tai nay dugc thiét ké theo
cau hinh 3 tryc tinh tié€n, bao gom cac thanh phan trinh bay trén hinh

1.6.

May in 3D kho rong bao gdm céc thanh phan: 1) Co cau d& va
ham nha cudn day vat liéu (nhya) sir dung motor nha ddy; 2) Co céu
dan day va banh xe quay kéo ddy nhua; 3) Pau gia nhiét lam chay day
nhya va dau phun (Nozze); 4) Quat 1am mat san pham; 5) Hé thong 3
truc X-Y-Z diéu khién dau phun di chuyén theo toa do da 1ap trinh; 6)
Goi dd tao khoang trong bén trong san pham; 7) San may; 8) Khung

may; 9) Bo diéu khién.

Motor nha day

Didu Co cau
Khién

X-Y-X

dich chuyén

San may

San pham

DPau gia nhiét
Pau phun

Day nhwa néng chay

/Géi do

Hinh 1.6: Céu hinh dé xuét may in 3D khé réng 3 truc tinh tién




5

1.2 Phan tich, @anh gia cic co cau ciia may in 3D
Céc nghién ctru ma dé tai can phai giai quyét cho may in 3D
kho rong bao gdom:
-Su déng déu san phérn ¢0 kich thudce 16n; Do chinh xac cao
cho mot thé tich 16n, lién quan dén do cung viing, drivers, giai thuat
diéu khién, ...

- Van dé cap nguyén li¢u lién tuc cho kich thuéc 1on;
- Céc van de¢ ve thict ké phan mém dicu khién may in.

1) Co ciu d& va ham nha cudn diy vt liéu (nhya) sir dung motor
nha day.

Day vt liéu dé tao san phdm can c6 dudng kinh 6n dinh. Thi
truong c6 san loai diy dudng kinh 1,75 mm (cho may dun c6 6 banh
rang din diy & xa dau dun) va 3 mm (cho 6 banh ring truc tiép trén
dau dun).

2) Co cdu din day va banh xe quay kéo diy nhya

Day vat liéu trong may in 3D kho 16n c6 thé duoc dat o xa, khi
d6 can co day dan hudng - 1 day cung c¢b dinh dé day vat liéu bam
theo, hodc co thé 1a 6ng nhya cho day vat li¢u chay ludn bén trong.

Hinh 1.7: DAu din Bowden  Hinh 1.8: Piu dun tryc
[15] tiép [15]

3) Piu gia nhiét nung chay day nhya va dau phun (Nozze)

Dau gia nhiét 1am tan chay nhua dé cap cho diu phun tao dung
mo hinh san pharn. Nhiét do gia nhiét tuy thudc vao vat liéu sir dung.
Hién c6 hai loai diu dun 1a V6 - thudng dugc st dung cho kich thude
in nhé hon va Vocano - ¢6 voi phun 16n hon dé cho phép luong nhya
16mn hon dugc ép dun cho kich thudc in 16n hon.
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4) Quat 1am mat san pham — ban in

Nhua duogc rai thanh 16p bén trén dé tao san phém, khi ngudi sé&
duogc dong két nho 1am mat ty nhién. Tuy nhién, ddi voi cac ban in
phtc tap voi cac cAu tric kiéu cau, co cac goc canh nho ra, thi lam mat
tu nhién la chua du.

Hinh 1.9: Anh huéng quat 1am mat dén chit lwong san phim

5) Hé thng 3 truc X-Y-Z diéu khién dau phun di chuyén theo toa
do da lap trinh:

Hé théng CNC 3 truc can dam bao do chinh xéac cao dé dich
chuyén dau phun rai déu san pham. Pic biét, cac dich chuyén phai ém
va khong bi vot 16 tai cac diém thay doi huéng chuyén dong.

6) Gb6i d& tao khoang tréng bén trong san pham: Goi do 1a cac vat
liu phu c6 hinh dang phu hop dé tao san pham c6 cac khoang trong
bén dudi bé mit.

7) Giwong in / San may: San dit sin pham, doi hoi c6 do phang xac
dinh

8) Khung swon may: Khung suon dé gin thiét bi can phai viing chai,
déng thdi vo che han ché cac hat bui nhua nand bay ra ngoai.

9) B diéu khién: Thyc hién nhiém vu didu khién tong hop: 1) Nhan
mi in va chuyén dbi thanh ma may; 2) Diéu khién strc cang day vat
lidu; 3) Diéu khién nhiét d6 tan chay nhya trong dau dun; 4) Diéu
khién CNC 3 chiéu.

1.3 Két luan chwong
Trong ndi dung nay D¢ tai da hoan thanh viéc nghién ctru
khéo sat cac cdu hinh 3D va 3D kho rong, tir &6 dé xuat cau hinh
may in 3D khd rong cho nhiém vu. Trén co s¢ cAu hinh dé xuét, Dé
tai tién hanh phan tich, danh gia cac co ciu ciia may in 3D va mién
g dung cho céac san pham in 3D.
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CHUONG 2: KET CAU CO KHi VA BQ PIEU KHIEN MAY
IN 3D KHO RONG

Nhu da khao sat, trén thi trudng 6 3 loai méy in 3D pho bién:
May in 3D ki€u toa d§ Descarter, Kiéu robot Delta, va kiéu Polar
(Hinh 2.1).

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

Kﬁl

Trong d6, may in 3D Cartesian thyc hién di chuyén dau dun
nhya theo phuong X, Y, Z trong h¢ toa do Cartesian. May nay c6 uu
diém la_ dé lap rép, can chinh va bao dudng; ¢ kha nang khai thac
phan mém tir cong ddng ma nguon mé lon. Tuy nhlen nhugc diém
ctia may 1a ¢6 khdi lwong céc co ciu di dong 16n, nén tée do in khong
cao va gay on. May c6 han ché in san phdm theo chiéu cao. Ngoai ra,
khi hoat dong may thuong bi rung va anh huong dén do chinh xéc.

Cac mday in 3D nhu: BIGREP ONE (Hinh 2.2), MODIX BIG
120 V3 (Hinh 2.3),... la nhimng san phdm may in khd 16n ctia cac nha
san xuat Germany va Israel nén duoc nhidu cong ty lua chon vi ¢ chat
lugng va d¢ chinh xéc cao.



Hinh 2.2: My in 3D kho Hinh 2.3: My in 3D khé 16n
16n BIGREP ONE BIG 120-V3 ciia Modix

BIGREP: Thé tich tao hinh: 1.005 x 1.005 x 1.005 mm (XYZ);
D0 phan giai d6 day 16p: 0.1 mm - 1.4 mm; Gia toc: Téi 400 mm/s?;
Bo dun nhya Hai dau dun; Pau dun tiéu chuin véi voi 1 mm; Lua chon
dau voi 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 d6 givong in: Max 80 °C; Trong luong
may 460 kg; Kich thude 1850(x) 2250 (y) 1725 (z) mm; Cong suit
208 V - 240V, 16 A, 650/60 Hz.

2.1 Co cu co khi may in 3D kho rong ,
_ Khung mdy in 3D 1a phén chinh cua may, cho phép lap 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

Vol céu hinh 3 truc chuyén dong tinh tién, khung may chon 1a
khoi 1ap phuong, tao khong gian twong tng cho may in lam viéc theo
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kich thuée kho rong (Hinh 2.5). Chi tiét xin xem trong tap ban v& ky
thuat.

Hinh 2.5: B tri cAc thanh phén trén khung chinh may in 3D

2.2 Co cau din ddng va cac chi tiét cho may in 3D khé réng

Trong may in 3D khé rong dugc thiét ké, cum chuyén dong X-
Y ¢6 dinh theo phuong Z, con giudng in duge dich chuyén timg budc
nho motor truc Z trong qua trinh tao hinh. Véi diéu kién vat liéu hién
nay c6 thé chon giudng in vira nhe, vira phang va c6 do cimg tt.

Pé dam bao do cung virng va ma sat nhd, cum in gén trén bd
truot chuyén dong theo thanh dan truc X. Pau in dugc motor kéo béng
day dai. Bo day dai dugc cing bang buli 2 dau, cho phép ddy dai chay
thuédn / ngugc. Tuong ty, truc Y s€ kéo cum truc X chuyén dong trén
thanh trugt (Hinh 2.6).

Hinh 2.6: B thanh truet dAn dong truc X va Y

Truc Z dan dong bang vit-me ¢ 6 truc 2 dau (kiéu cau truc)
nham dam bao sy di chuyén dau in dé dang, chinh xac va giam rung
soc. Trong cau hinh thiét ke, dé tai st dung 4 dong co dat 4 goc, sé tao
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luc tac dong déu va dong bo 1én givong in. Khi quay truc vit-me,
giudng in duge chuyén dong theo (Hinh 2.7). Vit-me bi hay bo truyén
vit-me - dai oc (Hinh 2.8) duoc sur dung rong rai, dac biét la cac co
céu doi hoi chuyén dong chinh xac va hiéu suét cao.

L

20 40 £ =3
& = 2
2 Q& & S,
S oy 1.15X0.35
&
\ B . iy
\ S 3
o B
g g 5 s g Br1S
=7 2 o7 = ¥ 5| EF15
2 ey & sFu20t0 4+ 0
sl = o FFI5
BF15 0 Ball Screw Support Unit
EF15 | i Supported-Side
FF15

Ball Screw Support Unit
Supported-Side

Hinh 2.7: B vit-me dai éc cho tryc 1NN 2.8: 0 trgltc do dau tryc
Z Vi

2.3 Co céu co khi cho diu in may in 3D khé réng
Pau in phun st dung loai c6 san trén thi trudng , vdi voi phun
0,1 mm; 0,2 mm; 0,3 mm va 0,4 mm.

Chuong 2 dé tai da hoan thanh cac ndi dung co ban thiét k&, ché
tao phan co khi cho may in 3D kho rong. Qua thyc nghiém so bo cho
thay may in 3D dat cac muc ti€u 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 thec truyén tin

Trong IoT, céc thiét bi thuong giao tiép dugc véi nhau thudng

xuyén (D2D). Dir liéu sau khi thu thap s€ dugc gui to1 may chu (D2S).
May chu cling c6 thé giao ti€p chia s¢ dir liéu v6i nhau (S2S), c6 thé
cung cap nguoc lai cho céac thiét bi.

3.1.2 Pdc diém hé thong loT

>

biéu kién can cua mét hé thong loT

Céng du liéu (Gateway): Dir li¢u di tir vat cloud va nguoc lai
thong qua cac cong.

Cong Cloud (Cloud Gateway): Tao diéu kién nén dit liéu va
truyén dir liéu an toan giita cac cong va may chu IoT trén cloud.
Bo xur Iy dir lidu truc tuyén: dam bao chuyén d6i hiéu qua dit liéu
ban d4u vao sang hd dir lidu va cac ing dung diéu khién.

Hb dit liéu (Data Lake): Puoc dung dé luu trir dit liéu duoc tao
boi cac thiét bi duoc két ndi ¢ dinh dang tu nhién. Dit liéu 16n
xudt hién theo dot hodc trong ludng stream.

Kho dit liéu 16n (BigData warehouse): Kho dit li¢u 16n chi chta
cac dir liéu da duoc lam sach, co cAu tric.

Phan tich dir liéu: Cac nha phan tich dit liéu c6 thé sir dung dir
lidu tir kho dir liéu 16n dé tim xu hudng va dat duoc nhitng hiéu
biét cu thé nao do.

3.2 Giao thirc truyén tin MQTT
3.2.1 Khéi ni¢gm

MQTT duya trén mot Broker (diém trung gian) va dugc thiét ké

c6 tinh mo rat don gian va d& dé tich hop. MQTT phu hop cho céac
ung dung M2M (Mobile to mobile), WSN (Wireless Sensor
Networks) hay 10T (Internet of Things).

3.2.2 M0 hinh giao thirc MQTT

Céc thanh phan chinh cua MQTT la: clients, servers, sessions,

subscriptions va topics.
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 ewon
Hinh 3.1: M6 hinh giao thirce 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, dé)ng thoi nhén
subscriptions tir clients yéu cau cic topic, nhin cic messages tir
clients va forward ching.

Topic: V& mat ky thuat, topics 1 cac hang doi chira ndi dung
message. Vé logic, topics cho phép clients trao d6i thong tin va dit
liéu vai nhau.

Session: Mot session dugc dinh nghia 1a phién lam viéc hay két ndi
tir client dén server. Tt ca cac giao tiép giira client va server déu la
1 phan ciia session.

Subscription: Khéng giéng nhu sessions, subscription 1a két ndi tir
client dén topic. Khi thyc hié€n subscribed dén topic, client c6 thé
trao d6i messages Vi topic. Subscriptions c6 thé ¢ trang thai
‘transient’ hodc ‘durable’, phu thudc vao co trang thai clean session
trong gbi Connect.

Message: Messages la cac don vi chira ndi dung dir liéu duogc trao
dbi gitra cac topic clients.

3.3 MQTT v3.1 protocol specification

3.3.1 Message .
» Phan header co dinh
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Bang 3.1: Header c6 dinh
Bit 76543 2 1 o
Byte 1 |Loai messagelCo DUP |QoS levell 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.
» Cac bit cor

Bit con lai ctia byte dau chira cac truong DUP, QoS va
RETAIN. Vi tri céc bit va y nghia dugc miéu ta trong bang 3.2
Bdng 3.2: Bdng cdc co

Vi _trl Tén viét Miéu ta
bit gon
3 DUP Nhan lap lai
i Quality of Service (chat lugng
2-1 QoS dich vu)
0 RETAIN Co RETAIN

> Header cé dp dai thay doi

Mot vai loai MQTT message cling chtra nhirng phén c6 doi
dai thay doi duge. N6 nam gitta phan header ¢ dinh va phan payload.
Phén thay dbi dugc ctia Remaining Length s& khong nam &
phan header thay d6i duoc. Phin byte thay ddi duoc ciia Remaining

Length thudc vé phan header va payload.

Dinh danh cta cac truong thay ddi duge trong header duge miéu ta

bén dudi day:
- Protocol name: Xuét hién trong message CONNECT.
Truong nay s€ chira tén MQIsdp ¢ dang chir hoa.
- Protocol version: Xuat hién trong phan header cia message
CONNECT.

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

co Will QoS, va co Retain flags dugc chura trong phan header
thay d6i duoc ciia message CONNECT.
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3.3.2 Cé&c cau Iénh trong message
» CONNECT
Khi mot mot két ndi TCP/IP duoc thiét 1ap tir client dén server,
thi mot session & mirc protocol ciing duoc tao st dung ludng
CONNECT. Pinh dang header ¢d dinh dugc théy dudi bang sau:
Co DUP, QoS, and RETAIN khoéng duogc su dung trong
message CONNECT.
Remaining Length 1a d6 dai ctia phan header thay d6i dugc (12
bytes) va do dai. N6 c6 thé 1a nhiéu byte.
» CONNACK
Message CONNACK dugc gui bdi server nhu dé tra 161 mot
yéu ciu a CONNECT tir client. Phan header ¢d dinh c6 dinh dang nhu
bang dudi day.
Cac co DUP, QoS and RETAIN khéng dugc st dung trong
message CONNACK. Mbi gia tritra vé ctia Connack duoc chi ra dudi.
Ma tra vé 1a 2 s& (dinh danh bi tir chéi) s& duoc giri néu néu
dinh danh duy nhét cho 1 client c6 d6 dai khong nam trong khoang tir
1 dén 23.
» PUBLISH
Néu 1 client subscribe mot hodc nhiéu topic, thi moi message
dugc published dén nhiing topic d6 duoc giri boi server dén client nhu
la mdt message PUBLISH. Response cho PUBLISH message phu
thudc vao level ciia QoS. Bang dué6i day chi ra dinh dang phan header
c¢b dinh.
» PUBACK
Mot message PUBACK sé dugc giri tra cho mdt message
PUBLISH véi QoS level 1a 1. Mot message PUBACK sé dugc gt bdi
serrver dé tra 16i mot PUBLISH messager. Bang dudi ddy chi ra cdu
tric cta phan header ¢ dinh.
Khi client nhan mot message PUBACK, né s€ huy message da
PUBLISH vi message d6 da dugc nhan bdi server.
» PUBREC - publish(level 1)
Mot message PUBREC tré 161 cho mgt message PUBLISH véi
QoS level la 2. N6 1a message thtr 2 trong flow ma QoS level = 2.
Mesage nay s& coi nhu 1a mot tra 16i cho messge PUBLISH dén tir
client, or hodc bdi mdt subscriber khi tra 161 mot message PUBLISH
tir Server. Bang dudi ddy chi ra dinh dang cua header c6 d6 dai cb
dinh.


http://minatu2d.github.io/MQTT_V3r1_Protocol_Specification_vi.htm
http://minatu2d.github.io/MQTT_V3r1_Protocol_Specification_vi.htm
http://minatu2d.github.io/MQTT_V3r1_Protocol_Specification_vi.htm
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» PUBREL — Release Publish dim bdo (level 2)

Message PUBREL la tra 161 tr mot publisher cho message
PUBREC dugc gui dén tur server, hodc dugc gui server dé tra 10i cho
message PUBREC dén tir mot subscriber. Day 14 message thi 3 trong
flow QoS Level = 2. Bang dudi day chi ra dinh dang cta header c6
d6 dai c6 dinh.

» PUBCOMP — Publish dam bdo hoan thanh (level 3)

Message nay hoac la tra 101 tir server cho message PUBREL tu
publisher, hodc trad 101 tir subscriber cho mdt message PUBREL tur
server. N6 1a message cudi cung trong flow QoS level = 2. Bang duéi
day chi ra dinh dang cua phan header thay d6i dugc.

Khi client nhan dugc mot message PUBCOMP, nd s€ quén
message chinh bé1i vi n6 da duoc chuyén dén server chinh xac mot
lan.

» SUBSCRIBE

Message SUBSCRIBE cho phép client subscribe mdt hoac
nhiéu topics v6i server. Message duoc published 1én server s& duoc
chuyén dén client bang message PUBLISH . Message SUBSCRIBE
ciing chi ra QoS level ma subscriber mudn nhan message. Phan header
c¢b dinh dugc miéu ta ¢ bang dudi day.

Khi nhan dugc mdt ndi dung message SUBSCRIBE message,
server tra 16i bang message SUBACK.

» SUBACK

Message SUBACK message dugc giri boi server dén client dé
béo vai client ring n6 di nhan message SUBSCRIBE. Bang dudi day
chi ra chi ra dinh dang phéan header ¢6 dinh.

Message SUBACK chtra mgt danh sachh QoS levels da duoc
cap. Thirty cac QoS levels bén trong message SUBACK s& khop theo
thr tu cta cac topic name tuong Ung trong message SUBSCRIBE.

» UNSUBSCRIBE

Mot message UNSUBSCRIBE duoc giri boi client dén server
dé unsubscribe mot topic name nao d6. Bang sau chi ra mét vi du cua
phan header ¢6 dinh.


http://minatu2d.github.io/MQTT_V3r1_Protocol_Specification_vi.htm
http://minatu2d.github.io/MQTT_V3r1_Protocol_Specification_vi.htm
http://minatu2d.github.io/MQTT_V3r1_Protocol_Specification_vi.htm
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» PINGREQ
Message PINGREQ c6 nghia 1a message "Két ndi van t6t dung
khong?" duogc giri tir mot client da két ndi dén server. Bang sau chi ra
dinh dang cua phﬁn header c6 dinh.
Céc co DUP, QoS, and RETAIN khong dugc st dung.
Tra 101 cho message PINGREQ la mdt message PINGRESP.
» PINGRESP
Mot message PINGRESP duogc g tir server cho mot message
PINGREQ va no c6 nghia la "OK". Bang sau chi ra dinh dang cua mot
header c6 dinh.
»> DISCONNECT
Thong diép DISCONNECT duoc gui tir client dén server dé
bao rang no s& dong két ndi TCP/IP dang két ndi. Cai nay cho phép
clean disconnection, chir khong chi 1a huy két ndi. Mot server khong
nén dé viéc dong két ndi nay cho phia client sau khi nhan thong diép
DISCONNECT. DPinh dang ctia phan header c¢b dinh duoc chi ra dudi
bang sau.
Céc co DUP, QoS, and RETAIN khong dugc st dung trong
message DISCONNECT.

3.4 Két luan chwong

Chwong 3 d trinh bay tom tat va hiéu rd hon vé khai niém, kién
trac, md hinh, cac tmg dung trong mdi trudng IoT. Hiéu rd khai niém
va md hinh giao thac MQTT, médt giao thirc truyén tin dang
publish/subscribe str dung cho céc thiét bi Internet of Things vi bang
thong thap, do tin cdy cao va kha ning duoc sir dung trong mang ludi
khong 6n dinh.
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CHUONG 4: THIET KE PHAN MEM, TICH HQP 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 may in 3D dong bd vé6i diéu
nhiét dau dun, diéu nhiét giuong in va diéu khién motor cap day, so
d6 chuong trinh diéu khién tong quat duoc thiét ké nhu trén hinh 4.1.

Trao déi d* liéu may tinh - CPU
(M6 hinh in 3D tao bdi CAD)

v

M6 hinh in 3D tao béi CAD
Tao file STL, Cat 16p, tao G-Code

| Didu khién nhiét d6 dau dun, nhiétdd giwdng in |

| Tao G-Code |

A 4
|Command X| | Command Yl | Command Z| | Command D|

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

Yo

Hinh 4.1: Gién d6 chwong trinh tong quat cho may in 3D khé rong

Trong d@ tai, phan mém cho may in 3D khd rong duoc xdy dung
trén nén tang Reprap Firmware. Reprap Firmware 1a phan mém toan
dién, chu yeu danh cho viéc diéu khién may in 3D, khéc / cat laser va
CNC. Phan mém nay chi sir dung voi bd xir Iy 32 bit, nén hién nay
dugc st dung chu yéu cho cac may in 3D hién dai.

4.1.1 Téng quan phan mém Reprap
» MOo ta chung

Reprap Firmware chay trén cac bg vi xu ly 32 bit nhu bd xur ly
Atmel, Microchip nhu: SAM3X8E, SAM4ESE, SAM4S8C . Ngoai ra,
con c6 mot céng cho cac bo mach sir dung bd xir Iy LPC1768 hoac
LPC1769. Reprap Firmware hd trg may in 3D, may CNC, may cit
laser va may khéc,.. thuc hién quy trinh nhan dir liéu, tao G-code va
1énh diéu khién cac motor van hanh truc X-Y-Z va din nhya.
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» Cau tric file in 3D ‘
Pé may in 3D hoat dong thi firmware can co6 cac file in trén thé
SD, tén file c6 phan biét chii hoa chit thuong:

- Thiét 1ap file /sys/config.g

- Dat macros G-code trong thu muc /sys

- Dat ciac macros khoi tao cia nguodi dung trong thu
muc/macros.

Thé SD phai dugc dinh dang theo dinh dang FAT32.
4.1.2 Thiét ké phan mém cit 16p va mé phéng cho may in 3D khd
rong
Hién nay c6 mot s6 phan mém nén tang ma ngudn mé duge Gng

dung dé xay dung Phan mém khéi tao md G-code va diéu khién cho
may in 3D loai FDM:

e Slic3r 1a phian mém slicer md ngudn md voi danh tiéng dé
thém cac tinh nang lam muot canh va géoc ma khong the tim
thay & bat ky phan mém nao khac.

e Cura la phan mém in 3D ma ngudén mé, dé tiép can, dé dang
tai vé (hinh 4.2) d€ tng dung cho cong viéc in 3D.

BE0

o Satute
BT SO g

Hinh 4.2: Giao di¢n phin mém Cura

Chtre nang cia CURA nhu sau:
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- Téi wu héa cdu hinh cho céc vat liéu ctia Ultimaker

- Giao dién nguoi dung truc quan, dé sur dung.

- In nhiéu ddi tuong cung liic v&i cac thiét 1ap khac nhau

cho timg d6i tugng

- Cura hd trg dinh dang tép .STL, .3MF va .OBJ

- Mai ngudn mé va hoan toan mién phi.

- Tbi wu cho viéc in dun kép.

> Chu thanh file G-code trén co sé File STL
File G-code, ngdn ngir cuia may in 3D duogc tao tir cac File STL.

STL (Standard Triangle Language hay StereoLithography) la 1 dinh
dang file sir dung phd bién trong linh vuc thiét ké 3D. File STL mé ta
bé mit hinh hoc cua céac vat thé 3D va duge su dung dé xay dung mo
hinh vét 1y CAD 3D.

Hinh 4.3: Céu triic miu in dwéi dang lwéi (mesh)

File STL sur dung cdc tam giac ba chiéu va hoat dong nhu céac
lu6i 40, mdi ludi bao gbém mot tap cac canh phan chia phan bén trong
va bén ngoai cua vat thé. Cac canh nay dugc sir dung giong nhu mot
thudc do dé dam bao nguyén tic tir dinh dén dinh, tat ca cac canh déu
¢6 chung 2 mit v6i tam giac lién ké (hinh 4.4).

0]

Hinh 4.4: Ban chit ciia mgt khdi 1ap phwong va mdt khdi cau
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Dinh dang file STL cung cap hai cach khac nhau dé luu trit
thong tin vé cdc mat hinh tam giac xép 1én bé mat doi tugng duogc goi
12 m3 hoa ASCII va ma hoa nhij phan. O ca hai dinh dang thong tin cua
mdi tam gidc duge luu trit nhu sau (Hinh 4.5):

- Toa d0 cua cac dinh.

- Céc thanh phan cuia vecto phép tuyén don vi ddi voi tam
gidc. Vecto phap tuyén phai hudng ra ngoai ddi voi md
hinh 3D.

Hinh 4.5: Toa dd ciia cAc dinh va cAc thanh phin ciia vecto phap tuyén

e Dinhdang file ASCII STL
- File ASCII STL bat dau bang dong:

solid <name>
Trong d6: <name> :1a tén cua mod hinh 3D.

- File tiép theo gdm thong tin vé cac hinh tam giac bao
quanh. Théng tin vé cac dinh va vecto phéap tuyén dugc
biéu dién nhu sau:

facet normal nx ny nz
outer loop
vertex vix vly vlz
vertex v2x v2y v2z
vertex v3x v3y v3z
endloop

endfacet

Trong d6: n :1a phap tuyén ciia tam giac; v1, v2, v3 :1a cac

dinh cia tam giac.

- File két thic bang dong bit budc:
endsolid <name>
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¢ Dinh dang file Binary STL

~ File STL nhj phén bat dau v6i header 80 ky tw. Sau header tong
s0 hinh tam gidc dugc biéu thi bang cach su dung s6 nguyén khong
dau 4 byte.

UINT8[80] — Header
UINT32 — Number of triangles

Moi tam giac dugc biéu dién bang muoi hai s6 ddu phiy dong
32 bit. Cing giong nhu file ASCII STL, 3 s6 1a toa do Descartes 3D
ctia phap tuyén voi tam giac, 9 s6 con lai 14 toa do ciia cac dinh.

Foreach triangle
REAL32[3] — Normal vector
REAL32[3] — Vertex 1
REAL32[3] — Vertex 2
REAL32[3] — Vertex 3
UINT16 — Attribute byte count
End
e Cic quy tic dic biét cho dinh dang STL
- Quy tic vé dinh: Mdi tam giac phai chia sé hai dinh véi cac
tam giac 1an can cia no (hinh 4.6).

Hinh 4.6: Quy tic dinh tam gidc

a. Sai b. bang
- Quy tic dinh hwéng: Quy tic dinh huéng néi ring hudng ciua
mit (hudng nao 1a "trong" ddi tugng 3D va hudng nio 1a "ra") phai
dugc chi dinh (hinh 4.8).
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Hinh 4.7: Quy tic dinh huéng

- Quy tic bat phan duong: Quy tac bat phan duong ndi ring toa
do cua cac dinh tam giac déu phai duong (Hinh 4.8).

1

Vi

Hinh 4.8: Quy tic bat phin dwong

- Quy tic sip xép tam gidc: Quy tac sap xép tam giac khuyén nghi
rang cac tam giac xudt hién theo thi tw gi tri z ting dan.

4.2 Thiét ké by diéu khién nhigt ¢ dau in may in 3D kho rong
HE diéu nhiét chp dau dun may in 3D khoé rong dugc thiet ké
theo nguyén 1y dieu khién vong kin (Hinh 4.9)

220VAC
BO DIEU KHIEN/ Controller
Bo thu
do sai léch Sai lach Léira . .
Gia tri Error Kiéu dieu khien X B6
dat didu khién © > cgng suét
Control Modes Drive
Ccm c 6
i Day dot
Gia tri do
nhiét do
Bo ! °
khuéch dai L y T°
gia tri do M
Cam bién ! Lo dién
nhiét lem oo oo

Hinh 4.9: H¢ diéu khién nhiét d theo vong kin

B0 diéu khién nhén gi trj do tir cdm bién (Cm) va dugc so sanh
véi gia tri dat (Sp). Sai léch gitra chung (e) duoc b diéu khién xir 1y
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va tao ra tin hiéu diéu khién X dé diéu khién nguoc lai nhiét do cua 1o,
gitt nhiét d6 10 ¢ gia tri Sp. o map mo cua gia tri thong s6 cong nghé
dugc dicu khién tuy thudc vao kiéu diéu khién va dugc mong mudn
c6 gia tri nho.
4.2.1 So d6 nguyén ly diéu khién nhigt o
So dd do nhiét do voi Thermocouples hodc PT100 dugc st
dung chip MAX31855 (Hinh 4.10) [27].

T -
MISQ 3
B T
TR
e &

- o™ ] s
=L
coosmEok || BT '_z!_fv_—.r_L - ’Lr_l

< 1 T T

Hinh 4.10: So' d6 nguyén li by do nhiét cho Thermocouple — PT100

MAX31855 duoc két ndi véi CPU-2 dé thyc hién thuat toan
diéu nhiét. Viéc sir dung vi mach tich hop MAX31855 nho gon thay
cho mach khuéch dai, bu 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 4.11).

Voo

—— 0.1pF
MAX31855

GND MICROCONTROLLER

S0 MISO

T [ 55

Hinh 4.11: So' @ mach b do nhiét cho Thermocouple — PT100
Tuong tu, BO diéu khién nhiét giuong in cling dugc két ndi voi
CPU-2 d¢ dicu nhiét givong in (hinh 4.11)
4.2.2 Giai thuat diéu khién o
B¢ diéu nhiét sir dung giai thuat dieu khién PID (hinh 4.12)



plant/ V(1)
Process

Y

Hinh 4.12: Giai thuit diéu khién PID

Trong do: u(t) = Ky.e(t) +K; [ e(n)dt + Kz = (4.3.3)

u(®) = K, (e(t) + Tl Jy e(@dt +T, dfi(;)) (4.3.4)
Khau'ti 1&: Pout = K,.e(t) (4.3.5)
Khau tich phan: Tout = K;. [, e(t) dt (4.3.6)
Khau dao ham: Dout = K428 (4.3.7)

Trong do: Pout: Thira s6 ti 1é cua dau ra; Kp: Do loi ti 1€;
e(t): Sai sb; t: thoi gian hodc thoi gian tic thoi (hién tai); lout: Thira
s6 tich phan cua dau ra; Ki: Do loi tich phan; 7: Mot bién tich phan
trung gian; Dout: Thira s tich phan ctia ddu ra; Kd: Do loi dao ham;
e(t): Sai sd; t: Thoi gian hodc thoi gian tic thoi (hién tai).

4.3 C4ch thuc hién in 3D

Dé in 3D file STL phai duoc cét thanh cac 10p ngang phing,
tinh toan lugng vat liéu ma may in ciia can dun va thoi gian thyc hién
dua trén cai dat tir phan mém. Tt ca thong tin nay sau d6 duoc dong
201 thanh moét file G-code, ngdn ngit ctia may in 3D. Khi file G-code
da duoc tai 1én may in 3D, giai doan tiép theo 1a cac 16p hai chiéu riéng
biét d6 s& dugc tap hop lai thanh mot ddi tugng ba chiéu trén ban in.
Diéu nay dugc thuc hién bang cach in nhiéu cac 16p mong nhu: nhya,
kim loai hodc vat liéu composite... va in tirng 16p mot (hinh 4.13).
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CAM (Computer Aided Manufacturing) toelchain

Printer
CAD Model [—»  stifle |--»f SHCERUItY | lcommnication
| [(Geees ! program
Controller
firmware

“» Integrated Slicer & print program

Hinh 4.13: RepRap CAM toolchain

4.3.1 Thiét 13p phan mém
» Buwdrc 1: Chay phan mém Cura.

Hinh 4.14: Giao dié¢n chinh ctia phin mém

Thanh menu

1. Menu chirc ning thuc hién céac thao tac xoay, diéu chinh

kich 6 vat thé.

M¢ nhanh file d¢ in.

Quan 1y c4u hinh may in

Chon chét lidu d¢ in.

Tuy chinh céac thong sb trudc khi in.

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

Giao dién chinh hién thi hinh anh tryc quan ctia vat thé.

> Bll’O'c 2: Nhip vio Settings — Printer — Add printer dit tén
“PRINTER3D-VIELINA” — nhan “Add”

N~ wD
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(3 g Piver x

Add a printer

Custom FFF printer

me | Pamrerao s

> 30ator GmoH
3 eometry lanovations
> sDMaker

> tech

> Abax30 Technologies

ErT—

Hinh 4.15: CAu hinh may in

Buée 3: Thiét 1ap thong sé may: Chu y: Kich thudc 16n nhat co
the cai dat (X:1300 x Y:900 x Z:1200)

(3 Add Printer X

Machine Settings
PRINTER3D-VIELINA #2

Printer Extruder 1
Printer Settings Printhead Settings

X owideh) 100 xmin 2
¥(Depth) 100 vmin 10
Zmeighy 100 x max 10
Build plate shape Rectangular vmax 10
Originat canter Gantry Height 1000
Heated bed Number of Extruders 1
Heated build volume Apply Extruder offssts to GCode v

& code favor Mariin

Start G-code End Gcode

Hinh 4.16: Thiét 1ap théng sé may in

Budrc 4: Thiét 1ap thong s6 Extruder 1 nhu hinh — nhén “Next”:
- Nozzle size: 0.4 (thong sb nay phu thudc vao kich thudce
dau in thuc té).
- Compatible material diameter: 1.75 (thong s6 nay phu
thudc vao dudng kinh nhya in thyc té)
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(3 Acd Printer x

Machine Settings
PRINTERSD-VIELINA #2
Peintar [—

Settings

Extruder Start G-code Extruder End G-code

Hinh 4.17: Thiét 1ap thong s6 diu in
» Buwéc 5: Chon vat liéu in: PLA hodc ABS ...

1 Generic PLA <
PLA ~
Chromatik -
Custom »| HIPS
DsM »| Mylon
eMationTech »oRC
eSUN | PETG
Fagtotum . ICTE——
Fiberlogy HD s opva
Filo3D »  TPUSSA
IMADE3D )
Innofil
Leapfrog »
OctoFiber
Polymaker ,
REDD
TiZYx
Velleman »
Verbatim
v ,
Manage Materials. sk

Add more materials from Marketplace

Hinh 4.18: Danh sich vat liéu in

> Budc 6: Thiét 1ap thong sé cho md hinh in trude khi in



o =
=% Fine-0.1mm B2k Qon &on =2 Fine-0.1mm B &on
Print settings Print settings
Profile Fine * v Profile Fine *
O seore = el =
= Quality > (3 Material v
Layer Height @ o mm Printing Temperature 2000
walls N Buikd Plst Temperature @ |«
Wall Thickness 08 mm (%) Speed v
Wall Line Count 2 Print Speed 600
Tzun(a\ Expansion 00 mm E‘" Travel v
... Top/Bottom N7 Enable Retraction v
Top/Bottom Thickness 08 mm 7Hop When Retracted
Top Thickness 08 mm W Fanline

Hinh 4.19: Théng s6 in cho mé hinh
> Budic 7: Thiét lap két ndi Wifi dé thuc hién in san pham:
Menu ‘“Preference” — chon “Printers” — Local Printers chon

“PRINTER3D-VIELINA” — chon “MKS WIFI Connection” — chon
“Connect”.

3 MKS WiFi Connection x|
Connect to Networked Printer

o print directly o your printer from Cura, please make sure your printer is connected to the same WiFi network as this computer, If
you don't connect your printer with Cura, you can still use SD drive to transfer g-code files to your printer.

Select your printer from the list below:

Add Edit | Remove Refresh

PRINTERSDVIELINA PRINTER3D-VIELINA
Type TFT WIFL
Firmware version
Address 152.168.4.1
Screenshot support No
Connect Image sattings

1f your printer is not listed, read the network printing
troubleshosting guide

Clese

Hinh 4.20: Két ndi may in 3D

» Buwdc 9: Thyc hién in tir giao dién chinh



4.3.2 Thiét ké phan mém tich hop mé dun WiFi vao hé thong
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may in 3D .
» Giao thirc truyen thong giira ESP WIFI va MCU
e Dinh dang

Segment | Offset(bytes) | Length(bytes)
Head 0 1
Type 1 1

Datalen 2 2
Data 4 datalLen
Tail 4+datalen 1

Padding | 5+datalLen 1019-datalLen

4.3.3 Module MKS TFT WIFI

Module wifi dugc thiét ké dé diéu khién may in 3D qua wifi,
c6 thé két ndi voi cac man hinh cam tmg MKS (MKS TFT24, MKS
TFT32, MKS TFT35, MKS TFT70). HJ tro truyén tai thong qua g
dung va ddm may.

Hinh 4.21: MKS TFT + Wifi

e Cap nhat Firmware
- Copy 3 tap tin: mks_pic, mks_config, mkstft32 vao SDCard
- Gian SDCard vao man hinh TFT va mé ngudn
- Qua trinh cdp nhat ty dong thuc hién.
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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
>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 thic MQTT giam sat nhi¢t 9 giwdng in ciia
may in 3D
4.4.1 M6 ta thiét ké he thong
> Yéu ciu hé thong
Hé thong mg dung cong nghé Internet of Things trong thu
thap va danh gia dit liéu vé nhiét do giudng in, cho phép giam sat nhiét
d6, va tdc do in trén nén web, v& dd thi thoi gian thyc thé hién sy thay
d6i ctia thong s theo thoi gian trén web.
> So dé khoi hé thong

o MQI l—’ﬂ
r
KHOI HIEN THI

Hinh 4.22: So @6 khéi h¢ thong
Trong do:

Khéi cim bién: Sir dung cam bién nhiét d PT100, dé thu
thap nhiét do trong suot qua trinh in. i
Khoi xir ly trung tim: St dung module wifi ESP8266 dé xur
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1y dir lidu tir khdi cam bién guri vé va giri chiing 1én server thong qua
internet.

Khoéi hién thi va canh bao: Dit liéu tir khdi xur 1y trung tim
duogc giri 1én server thong qua internet, tir ddy c6 thé sir dung bét ki
mot may tinh hay cac thiét bi c6 kha ning truy cip vao mang dé truy
cap vao server, moi dit liéu vé nhiét do déu duoc hién thi trén web cho
nguoi dung theo doi.

Khéi ngudn: Diéu chinh dién ap phu hop dé cung cap ning

luong cho hé thong.

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

1

KET NOI TOI PIEM TRUY CAP
INTERNET

e

F

POC DU LIEU
TU CAM BIEN

I

GUIDU LIEU LEN
WEBSERVER

I

Hinh 4.23: Lwu dd thuit toan chwong trinh

4.4.2 Phan cing thiét b diéu khién
» ESP8266 12F
ESP8266 1a mot chip tich hgp cao ¢6 kha nang xr 1y va luu trir
manh mé cho phép n6 dugc tich hop vai cac bd cam bién, vi didu khién
va céc thiét bi timg dung cu thé khac théng qua GPIOs véi mot chi phi
toi thiéu va PCB t6i thiéu.
> Cdam bién nhiét dé PT100
Cam bién nhiét do PT-100 1a loai RTD, sir dung dién tré thuan
ctia doan day platin cudn theo dang 16 xo dit & vi tri dau ciia cam bién.
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Hinh 4.24: Cam bién nhiét do PT100

> Thuc hién trao doi dir liéu giira publish va subcribe
Dung ESP8266 lam Client dé két ndi 1én mot dich vu MQTT
Broker la ThingBoard. Guri (publish) dit liéu 1én broker, va nhan thong
tin (subcribe) tir broker, kiém tra publish va subcribe dit liéu giita
ESP8266 va MQTT Broker thuc hién bat tit LED.
- Tao tai khoan va cdu hinh CloudMQTT.
- Tao va cAu hinh MQTT Broker.

Hinh 4.25: CAu hinh MQTT Broker
» Thuec hién do nhiét dj giwong in giri 1én MQTT Broker
- Pau nbi cam bién nhiét d6 v6i ESP 8266 nhu (hinh 4.26).
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Hinh 4.26: So' d6 nguyén Iy két ndi cam bién nhiét d9

~ Sau khi chuan bj xong phan cimg, thuc hién chuan bj ma nguon
dé nap vao NodeMCU. Thiét bi s& két noi 1én broker, sau d6 lay dir
liéu tir cam blen DT100, gul dit liéu nhiét do giuong in Ien broker.

Printer3D-Vielina
Device details

Hinh 4.27: Dir liéu nhiét d§ giwong in trén webserver

4.4.3 Piéu khién may in 3D tir xa thong qua internet
Viée in tir xa khong con 1a qua kho, cho du chung ta & bét ky
noi dau va diéu khién may in 3D trd nén vo cung dé dang. Chung ta
c6 thé diéu khién va giam sat qua trinh in ma khong truc tlep tai mdy
in (Hinh 4.28) thé hién so d tong quat qua trinh két ndi va didu khién
tur xa.
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Hinh 4.28: So' @6 két ndi va diéu khién may in 3D

> Céu hinh diéu khién may in bang phin mém trén may tinh
bang wifi
Cura 12 phan mém cit 16p va xudt Geode cho may in 3D ma
ngudn mo. N6 dugce tao ra boi David Braam ¢ cong ty Ultimaker. May
in 3D Ultimaker duya trén mang duoc ghép ndi véi tai khoan Ultimaker
cta ban hién dugc phat hién trong danh sach may in; ngay ca bén ngoai
mang cuc bd. Ngoai ra phan mém Cura con cho phép ngudi ding két
nbi voi may in bang wifi khong can phai chép file Geode vio thé SD
sau d6 cAm vao mdy in nira.

o
®

EY Y.L}

Hinh 4.30: In san phim tir xa théng qua két ndi wifi
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> Cau hinh diéu khién may in bing di¢n thoai thong minh
Két no6i may in 3D véi dién thoai thong minh gitp cho moi
nguoi co the theo déi va dieu khién may in tir xa ¢ bat ky noi dau.
< Tim ki
MKSCloud

WS am &

—g

Hinh 4.31: Ung dung két néi may in 3D va di¢n thoai théng minh

Sau khi di cai dit img dung thanh céng. Ching ta tién hanh két nbi
g dung v6i mdy in 3D. Vao muc Equipment -> Add Wan Printer
man hinh hién thi nhu sau (hinh 4.32).

 Equipment  Binding printer
mm——t

iH

Hinh 4.32: Két néi miy in 3D bing ma QR

Tiép theo lya chon cdc mau vat thé can in. Chuing ta c6 thé
thao tac xoay vat theé, phong to hodc thu nho, dieu chinh truc XYZ cho

phu hop voi may in.



36

< MKS Ha3 touch s

3D printing = The Latest Upload =
@ suvcuse Lo fre
Nt 2 years sgo. -
(2 QU 0 o
P-plank 2 years ago

It is for my projsct

€ oios

&1 tfro
Backteriofag 2 yoars ago -

€Y oini &2 {ro

Hinh 4.33: Chon cic md hinh cén in

Sau d6 chung ta chon may in can kén no6i dén va nhan ntt in.

Hinh 4.34: Theo dbi va diéu khién may in 3D bang smartphone

> Dieu khién va giam sat may in tir xa bang website

Giao dién chinh ciia website dung dé két ndi va Iya chon mau in

tir xa (hinh 4.35).

Chegory: ML b Gttty O Purnbiods Homesaptes b 1 o (D bty Ot g e
O R ———

soig: [ couscrons comecos

1 Print
OIS See More > CIEEEEDYD  See More >
®EA0K2 ®60 40RO

See More »

Hinh 4.35: Giao di¢n chinh ctia website
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Sau khi chon mau vat can in. Ching ta c6 thé xem truéc mau
in d6 hoac la tai xuong de chép vao thé SD d¢ in.

Khung va gié d& man hinh cam (mg MKS H43

Hinh 4.36: Miu in 3D trén webiste
Giao dién xem trudc vat thé hién thi kich thudc cua vat thé. Vat
thé tu dong xoay 3 chiéu dé ngudi ding xem rd duoc chi ti€t vat the.
[ iviivici | V
| entvooas |

Hinh 4.37: Hinh xoay 3 chiéu ciia vt thé

Sau khi da chon xong vt thé can in. Tiét theo chiing ta thiét lap
cac thong so cho vat the truéc khi in sau cho phi hop. Khi thiet 1ap
xong chlng ta nhan nut Bat dau in dé tién hinh in vat thé.
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.
Hinh 4.38: Piéu khién may in 3D qua giao di¢n website

4.5 Két luan chwong

Chuong 4 trinh bay cic budc thiét ké phin mém cho may in 3D
va céach thyuc hién in 3D. Hiéu rd vé cu tric va chirc nang cac chan
ctia sensor cam bién nhiét PT100, kit ESP8266, qua trinh d4u ndi cam
bién voi kit, ddng thoi thuc hién qua trinh gidm sat nhiét do trong
giwdng in va giri dir lidu 1én internet giup ching ta co thé theo ddi qua
trinh in & bat ctr dau bang tng dung trén dién thoai thong minh hoic
trén website.
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