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THIET KE VA LAP RAP HE THONG CIM UNG DUNG IOT
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Nghién cizu nay trinh bay viéc thiét ké va lap rap mét hé CIM tich hop 10T nham
phuc vu ddo tao. Diém méi cia hé thang nam ¢ kién tric diéu khién hon hop sir dung cac
thanh phan c6 chi phi thdp, gitp sinh vién hiéu va thuc hanh tich hop Idp trinh nhing,
dién ik va co khi ¢ mike dg co ban. Hé CIM gom ban cdp phdi, canh tay robot, tram phay
CNC va bang tdi vdn chuyén. Mo-dun Wi-Fi ESP-8266 c6 chize nang IoT cho phép dong
bg héa van hanh hé CIM theo trinh tir va thiét Idp két noi khong day cho phép vén hanh
va giam sat tir xa. Két qua van hanh cho thdy do tré giao tiép tir Blynk app dén ESP-
8266, tir ESP-8266 dén CNC Mach3, va dg on dinh vdn hanh toan hé thong lan Lot 1a
(1,184 + 0,366) s, (0,742 + 0,268) s, va (93,89 + 5,52) %. Tuy hé thong con nhiéu han
ché vé thiét bj, chudn giao tiép va dg én dinh theo tiéu chuan cong nghiép nhung van dap
#Nng nhu cau phuc vu giang day theec hanh cac mon hoc lién quan dén hé thong san xudt

théng minh.

Tir khoa: Hé thang san xudt tich hop (CIM), Internet of things (1oT), may CNC,
canh tay robot.

1. Téng quan

Hé thdng san xuét tich hop may tinh (Computer Integrated Manufacturing — CIM)
dugc xem 1a nén tang cét 16i cua cac hé thdng cong nghiép hién dai, cho phép hop nhat
cac qud trinh san xuat thdng qua viéc trao ddi dit liéu lién mach va diéu khién tu dong.
Cac hé théng CIM ban dau tap trung vao viéc tich hop céc ciu tric don khdi nhu: canh
tay may robot, tram gia cong, bang tai va hé thong luu trir thanh mot quy trinh thong nhat
dugc diéu khién bai may tinh trung tdm [1]. DPiéu nay khién hé CIM hoat dong theo quy
trinh mot chiéu voi kha nang két ndi it linh hoat véi méi truong bén ngoai.

Sy xuat hién caa Internet van vat (IoT) da lam thay doi can ban quan niém vé CIM,
chuyén d6i hé thong thanh mé hinh tich hop chat ché Cyber—Physical Systems (CPS).
M6 hinh nay hop nhét giira cong nghé thdng tin, mang truyén thong va cac hé thong co-
dién tir, tao nén mot hé thong thong minh ¢6 kha nang nhan biét, phan tich va phan ng
theo thoi gian thuc dua trén dir liéu tir méi truong vat Iy [2]. Cac nghién ciu gan day da
lam rd tiém ning cua tich hop 10T-CIM, tir viéc dé xuat kién tric phan 16p nhu mé hinh
5C (két ndi, chuyén doi dir liéu thanh thong tin, khéng gian mang, nhan thiic va cau hinh
thich ung) cua Lee va cong su [3], cho dén cac tng dung thu thap dir liéu phuc vu bao tri
dir doan va chan doan som [4], hay nang cao kha ning tai cau hinh cua day chuyén san
Xuat [5].

Cac hé thong CIM-IoT da buéc ra khoi phong thi nghiém va dan di vao thuc té san
xuat, dugc thuc day boi cac hang cong nghé 16n nhu FESTO, YASKAWA, Mitsubishi,
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Siemens... [6, 7]. Tuy nhién, c4c hé théng CIM-IoT thuong mai hoan chinh thudng cho
chi phi rat Ién, vuot qua kha ning dau tu cta cac co so gido duc, dic biét 1a ¢ cac qubc
gia dang phat trién. Do d6 kho c6 kha ning trang bi cho sinh vién thuc hanh. Hon nita,
hau hét cac nghién cau tich hop CIM-I0T hién c6 déu tap trung vao san xuit cdng nghiép
va doi hoi ha tang cdng nghé thdng tin phuc tap. Cac mé hinh nay khéng duoc thiét ké dé
trg thanh md hinh chi phi thap, dé tiép can cho muc dich dao tao co ban. Hién tai, thiéu
maot md hinh thuc hanh vira c6 chi phi dau tu thap, vira tich hop day du c4c chire ning cbt
16i cia CIM (gdm tram gia cong CNC, canh tay robot, bing tai va co ciu cap phéi) va co
kha nang diéu khién/giam sat tir xa théng qua loT.

Nham giai quyét nhitng han ché trén, nghién ctu nay hudng téi muc tiéu chinh 1a
thiét ké va lap rap mot hé théng CIM tich hop 10T & muc co ban, voi chi phi dau tu thap
phuc vu muc tiéu dao tao trong cic co s& gido duc. Cu thé, cac dong gop chinh cua bai
bao bao gom: (1) Phat trién théng CIM (gdm tram cip phdi, canh tay robot, tram gia
cdng CNC, hé bang tai) ¢ kha ning két ndi, diéu khién va giam sat tir xa théng qua nén
tang IoT co ban, va (2) Xay dung kién tric diéu khién hdn hop, sir dung céc thanh phan
dién tir co ban, dé tiép can (nhu Arduino, ESP8226) va phan mém CNC Bob Mach3,
nhiam tao ra mot hé thong CIM c6 diy du chice nang hoc tap co ban, ti uu vé chi phi va
dé tiép can ddi véi nguoi hoc. Cach tiép can nay gilp giam chi phi dang ké, dong thoi
van dam bao sinh vién duoc tiép can thuc hanh véi cac nguyén ly cbt I8i cua hé thdng
san xuét thong minh, qua d6 nang cao chét lugng dao tao ngudn nhan luc Cong nghiép
4.0.

2. Thiét ké hé théng CIM
2.1 Céu tric hé¢ CIM két ndi IoT co ban

(1) May phay CNC ba truc

(2) Ban xoay cap phéi tu dong

(3) Cénh tay robot

(4) Bang tai mad rong theo truc Y
(5) Bing tai

(6) Hop chira san pham

(7) May tinh diéu khién toan bo hé théng
(8) Vimach Wi-Fi

(9) May chu dam may Blynk Server
(10) Ung dung Blynk App

(11) Camera giam sat

/
7 4 919""’{D.=.

Hinh 1. So do cdu tric cia hé CIM

CAu trdc hé théng CIM trong nghién ciru nay (Hinh 1) duoc thiét ké theo cau tric
phan 16p gom: (i) Lop vat ly — (1) May phay CNC ba truc; (2) Ban xoay cap phéi tu dong
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(c6 chirc nang cung cap phdi cho may phay CNC); (3) Cénh tay robot (thuc hién thao tac
chuyén phoi tir ban xoay sang may CNC; (4) Bang tai ma rong theo truc Y (hd tro di
chuyén cua canh tay robot theo phuong Y); (5) Bang tai (van chuyén san pham theo loai
sau gia cong dén hop chira); (6) Hop chira san pham (luu trir san pham theo loai sau khi
gia cdng). (ii) Lép diéu khién: (7) May tinh diéu khién toan bo hé théng. (iii) Lép mang:
(8) Vi mach Wi-Fi; (iv) Lép ung dung: (9) May chit dam may Blynk Server; (10) Ung
dung Blynk App; (11) Camera giam sat cung cap giao dién cho ngudi hoc/giang vién. He
thdng nay duoc thiét ké nham dam bao kha ning tich hop giita cac thiét bi co dién tir va
nén tang IoT, cho phép giam sat va diéu khién tir xa mot cach linh hoat, dap (g yéu cau
dao tao co ban trong moi truong san xuat thdng minh.

2.2. Cac mo-dun chinh cia hé CIM
2.2.1. Tram phay CNC

Mot may phay CNC ba truc Alecop (Model: Supernova) cli khong con hoat dong
(Hinh 2a) duoc tai sir dung bang céach thay thé hé thong diéu khién gdc bang mach diéu
khién CNC Bob Mach3 USB (Hinh 2b) [8]. Phan mém Mach3 (Hinh 2c¢) cai dat trén may
tinh cho phép chuyén ddi mot may tinh ca nhan thong thuong thanh hé thdng diéu khién
CNC hoan chinh [9]. M& G-code c6 thé dugc lap trinh tryc tiép trén giao dién Mach3
hodc nhap tir tép G-code c6 san dé diéu khién cac chuyén dong cia may CNC.
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Hinh 2. Tram phay CNC. a) May phay CNC 3 truc; b) Mach CNC Bob Mach
USB; c) Giao dién Mach3

2.2.2. Canh tay robot 4 bac tw do

So d6 nguyén ly va canh tay robot hoan thién dugc trinh bay trong Hinh 3a va 3b.
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Canh tay robot c6 4 bac tu do (R,q, Ry1, Ry2, R;2) Va mot bac tu do phu mé rong (7))
dugc tich hop dé thuc hién qua trinh chuyén phéi giira ban xoay cip phoi dén may CNC
va qua trinh gap san pham sau gia cong dat 1én bang tai phan loai. Chirc nang cua 4 bac
tw do cu thé: R,; la chuyén dong quay quanh truc Z tai khép dé gidp mé rong ving lam
viéc theo phuong ngang, Ry, 1a chuyén dong quay quanh truc Y tai khop vai gitp diéu
chinh khoang cach lam viéc theo phuong ngang, R, la chuyén dong quay quanh truc Y
tai khop khuyu gidp kiém soat vi tri va do cao cua dau gip, R,, 1a chuyén dong quay
quanh tryc Z tai khép cb tay gitip dinh hudng chi tiét ding vi tri mong mudn khi gap dat,
T,) chuyén dong tinh tién theo truc Y cua toan bo dé robot nham mé rong ving thao tac.
Trong d6 05 dong co budc model KH42KM2R015D (03 dong co cho R,q, Ryq, Ry, Va 02
dong co cho T)), va 02 dong co servo la loai MG996R (01 dong co cho R,;) va 01 dong
co cho viéc kep phoi).

Hinh 3. Cdnh tav robot. a) So' @6 neuvén Iv: b) Canh tav robot thuc té
2.2.3. Ban xoay cip phoi
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Hinh 4. Ban xoay cdp phéi. a. So @6 nguyén Iy; b. Ban xoay thuc té

So dd nguyén ly va ban xoay hoan thién dugc thé hién trong Hinh 4a va 4b. Cac bo
phan chinh trong so dd Hinh 4a gém: dong co budc (1), 6 bi (2), truc xoay (3), mat ban
xoay (4), tim mau (5) dung phan biét 2 loai phoi, phdi loai 1 (6), phdi loai 2 (7), cam
bién tiém can (8) xac nhan c6 hay khdng cd phéi trén ban, cam bién mau sic (9) xac dinh
loai phoi 1 va 2, cdng tic hanh trinh (10) dinh vi tri dé dirng ban xoay cap phoi cho canh
tay robot tai vi tri Home xac dinh. Trong do6, cam bién tiém can E3F DS30P1, cam bién
mau TCS3200, va cong tic hanh trinh V-156-1C25 1a dwoc st dung. Vi 1a mé hinh dao
tao nén phdi gia cong str dung nhua PE c¢6 khéi lugng riéng 950 kg/m3. Ban cp phéi co
duong kinh 400 mm, chira 06 ph6i vai kich thudc 02 loai phoi la 60 x 50 x 30 mm va 70
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x 50 x 30 mm. Téng khéi lugng gdm ban xoay, 06 do ga kep phdi, truc dan va 06 phoi
lam tron 12 6,5 kg. O bi d& truc 1a loai UC201, duong kinh trung binh di qua céc vién bi
lan cta 6 1a 31 mm. Chon hé s ma sat lin p, = 0,01, chon s vong quay truc n =
16 vong/phit. M& men xoén truc can thiét dé quay ban xoay tinh toan 1a 0,01 Nm, cdng
suit 1a truc trong dwong gan 0,02 W. Chon ddng co buéc dan dong truc xoay model
KH42KM2R015D c6 md men xoan 0,2 Nm.

2.2.4. Bang tai

Hé bang tai (Hinh 5) nhan san pham tir canh tay robot va van chuyén san pham dén
thiing chira. Trong d6, (1) 1a dong co DC giam toc 24V 320RPM JGB37 c6 gin diéu toc
PWM Dc 5v-35v 5A, (2) 1a bang tai.

a)

T -

1 2

Hinh 5. H¢ bang tai. a. So d6 nguyén Iy; b. Bing tdi thuc té
3. Thiét ké diéu khién hé CIM
3.1. Piéu khién tram phay CNC

Hinh 6 minh hoa so do diéu khién may CNC tir xa théng qua ung dung Blynk dya
trén nén tang loT. Heé thdng bao gdom bon khéi chiic nang chinh: tng dung Blynk (Blynk
app) trén thiét bi di dong, may chi dam may Blynk (Blynk server), vi diéu khién wifi
ESP-8266 va may tinh diéu khién (Web Server) két néi truc tiép vdi may CNC théng qua
bo diéu khién CNC Mach3 USB BOB. Sir dung giao thiic truyén thong MQTT/Pub-Sub
(Message Queuing Telemetry Transport/ Publisher- Subscriber).

Blynk cloud
(Broker server)

Blynkapp |
D (e.g., /runl @

:;." ESP8266

/ run2) S
21
HTTP
Request (e.g., Get /runl)

d’?l PC (Web server)
Python flask server

LI—I CNC Machine
Python macro script

Simulated

I__I keybo;rd

(macro)

Mach3 software

CNC Mach3 |(Ethemet) | ceesion
USB BOB 0 )

Hinh 6. So do diéu khién tram phay CNC tir xa
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Dau tién, ung dung Blynk app dong vai trd 1a giao dién nguoi dung (Publisher) gui
lénh diéu khién (vi du: /runl — chay gia c6ng chi tiét 1, hodc /run2 — chay gia cong chi
tiét 2) dén Blynk cloud (May chu trung gian/Broker server). Blynk Cloud déng vai trd
trung gian quan ly va chuyén tiép dir liéu gitta ngudi dung va thiét bi IoT. Vi diéu khién
wifi ESP-8266 déng vai trdo nhu Subscriber va cdu hinh nhu méot cong loT. ESP-8266
giai ma lénh diéu khién va chuyén ddi n6 thanh mot yéu cau HTTP twong ¢ng (vi du: yéu
cau GET /runl HTTP/1.1 Host: <dia chi IP cua Web server>) va gui dén may tinh. Dé
may tinh tiép nhan yéu cau HTTP, ta can cai dit thu vién Flask va chay file ma ngudn
server.py trén Python dé bién may tinh thanh mot Web server. Khi nhan duoc yéu cau tir
ESP-8266, Flask server kich hoat thuc thi mét tap 1énh Python macro tuwong tng. Tap
Iénh nay c6 chirc nang mé phong thao tac ban phim (Simulated keyboard macro), gui
truc tiép cac lénh diéu khién dén phan mém Mach3. Phan mém Mach3 phan tich va thuc
thi macro, ddng thoi tao ra cac tin hiéu diéu khién chuyén dong. Cac tin hiéu nay duoc
truyén qua cong Ethernet dén bo diéu khién Mach3 USB BOB, mach Mach 3 tryc tiép
diéu khién chuyén dong cua cac truc va co cau chap hanh may CNC.

Pé diéu khién may CNC, mach Mach3 USB BOB dugc chon vi cac wu diém: (1)
Mach3 dugc ding phd bién trong cong nghiép nho vira va trong gido duc, cd cong dong
ngudi ding 16n va tai liéu hudng dan phong phd, trong khi LinuxCNC lai yéu cau kién
thirc sau vé hé diéu hanh Linux va ciu hinh hé thdng; (2) Mach3 c6 kha ning tich hop
mang, hd tro lap trinh Macro manh mé& va co ché mé phong giao thire dau vao, cho phép
két ndi linh hoat voi Web Server (Flask Python) dé phat trién cac giai phap loT va tu
dong hoa phuc tap, vuot tréi hon GRBL; (3) Mach3 c6 chi phi thdp va kha ning can
thiép sau vao giao thirc diéu khién diéu ma cac bo diéu khién chuyén dung (hé thng
dong) khong thé.

3.2. Piéu khién canh tay robot 4-DoF

GND 5§ SND 51 o ﬁé

oo E
TP 6600 TP 6600 TP 6600

ENA- 7] BENA- |5 BNA- |5

He- |2 il BB |

50 [E| Motor| 2L |5/ Motor, fot |5 Motor
= |1 = ]2 £ [

: . Fee

ND ND D

Z o
£ @B

Arduino _

Hinh 7. So do két néi phan cirng diéu khién canh tay robot
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Canh tay robot 4 bac tu do (4-DoF) duoc diéu khién bang vi diéu khién Arduino
mega 2560 [13], két ndi v6i md dun wifi ESP-8266 thong qua chuin UART. So do két
ndi cua canh tay robot dugc thé hién trong Hinh 7.

Lap trinh diéu khién canh tay robot trong mdi truong Arduino IDE. Cac cong tic
hanh trinh duoc tich hop dé xac dinh vi tri gbc va gidi han an toan. Bén driver TB6600
st dung khuéch dai tin hiéu diéu khién cho 05 dong co bude, trong d6 driver 4 duogc
dung dé diéu khién 2 dong co dan dong truot dé canh tay robot theo Ty, dé dam bao dong
téc. Hai dong co servo MG996R diéu khién tryuc tiép théng qua chan PWM cuaa Arduino
mega [15, 16]. Mic da MG996R c6 do ro va do chinh xéc thip, nhung c6 chi phi toi uu
va du kha ning thuc hién cac thao tac gap/dat vat khéi luong nhe va diéu khién don gian
thong qua thu vién Servo tiéu chuan caa Arduino. Do chinh xac vi tri do cac bac tu do
cta canh tay robot dam nhiém. Mt khac, d6 khong chinh xéac ciia nd con tao co hoi dé
sinh vién nghién ciru cac phuong phap bu trir I86i bang phan mém, nang cao gia tri thuc
nghiém cuaa dé tai.

3.3. Piéu khién ban xoay cip phéi

Hé thong diéu khién cua ban xoay cip phoéi (Hinh 8) duoc thiét ké nham dinh vi
chinh xac va phan loai phdi. Bo diéu khién trung tdm sir dung vi diéu khién Arduino
Uno, két néi véi mo dun wifi ESP-8266 thong qua chuan UART.

TP 6600

CENA- |3

ESP -
‘ 8266

|
|
|
|
-
Gn
=
o
@@
o o
=}
i |
%
TnpE g
o=
=]
-
[=]
=

OGO

O
0

GND 56 5V

Hinh 8. So' do két noi phan cirng diéu khién ban xoay cap phéi

Driver TB6600 sir dung dé khuéch dai tin hiéu diéu khién cho dong co budc
(Motor 5). Cam bién tiém can E3F-DS30P1 dung dé phat hién sy c6 mat caa phéi [17];
Cam bién mau TCS3200 chic nang phan loai tw dong céac loai phdi [18]; Cong tic hanh
trinh V-156-1C25 [19] duoc st dung dé xac dinh vi tri gdc Home. Ban xoay c6 dudng
kinh 12 400 mm, chtra 6 phdi va quay véi toec d6 n = 16 vong/phut, nén thoi gian xoay
(T, tir vi tri ndy sang vi tri ké tiép dé cap phdi can 0,625 s. Tuy nhién, T, s& ting Ién cip
sb cong vai hiang sé 1 0,625 s néu tai vi tri ké tiép khdng c6 phéi hoic loai phdi tai do
khong ding loai phoi yéu cau.
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3.4. Tich hop diéu khién toan hé

Hinh 9 trinh bay so d6 diéu khién tich hop téng thé cho hé CIM, trong d6 két hop
truyén thong khong day (Wifi) va co day (UART) dé diéu khién hé thong CIM. Hé thdng
duoc chia thanh 3 16p diéu khién nhu sau:

3.4.1. Lép truyén théng khoéng day

Hoat dong duoc khai tao & cip nguoi dung thong qua ung dung Blynk app (duoc
cai dat trén PC hoac thiét bi di dong), gui Iénh dén may chu dam may Blynk cloud.
Blynk cloud chuyén tiép di liéu giita nguoi dung dén ESP-8266. M6-dun Wi-Fi ESP-
8266 dong vai tro trung tdm truyén théng va phan phdi tin hiéu mot cach trinh tu (dwoc
dé cap & Muc 3.5) nham phdi hop hoat dong cua cac cum thiét bi trong hé CIM.

L | =
Ll oo _ ) . =
=EaEES e g8 .5 = - . §
Blynk cloud ((0— Blynk app
HTTP
=S 1
Request (Broker server) @ (e.g ./1_:1111) D
(e.g.. Get c 3
/111111)

PC (Web Server) J' -
Python F]ilsk Server [ | ]

Python Macro Script CNC Machind

keyboard
(macro)

Mach3 Software |
_Maero 1 (Ethernet) [CINC NMach3
. USB BOB

Hinh 9. So dé diéu khién hé tich hop

3.4.2. Lép diéu khién trung tam va phan phéi tin higu

ESP-8266 1a diéu khién trung tdm va phan phdi tin hiéu dén ba cum thiét bi riéng
biét:

- Piéu khién ban xoay: ESP-8266 gui tin hi¢u diéu khién dén Arduino Uno qua
giao tiép UART dé kich hoat va goi phdi gia cong, Arduino Uno thuc hién chuong trinh
con dé diéu khién ban xoay dwa loai phdi yéu cau dén vi tri Home.

- Piéu khién canh tay robot: ESP-8266 guri tin hiéu dén Arduino Mega 2560 qua
giao tiép UART. Arduino Mega chay chuong trinh con diéu khién chuyén dong canh tay
robot thuc hién nhiém vu gép phéi tai vi tri ban xoay da dinh va dua dén ban & to trén
may CNC, mit khac sau khi gia céng xong thi canh tay s& gap san pham va dit trén bing
tai ing voi tung loai phoi.
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- Piéu khién may CNC: khi ¢ phdi trén é td ban may, qua trinh gia cong CNC bt
dau, ESP-8266 guri yéu cau HTTP khong day (vi du: Get /runl cho san pham 1) dén
Python Flask server trén PC (Web Server).

3.4.3. Lop thuc thi trén PC

Web Server dam nhan giai doan thuc thi dé diéu khién may CNC. Flask server trén
PC thuec thi tap Iénh Python Macro cé chirc naing mo6 phong thao tac ban phim (Simulated
keyboard macro execution) dé giao tiép voi phan mém Mach3. Tuy nhién, do file Gecode
gia cdng san pham la rat dai, dé tranh viéc thao tac ban phim ton thoi gian phai mod ta
ting 1énh, mot macro file nhu run_type 1.mls cho san pham 1 va run_type 2.m1s cho
san pham 2 viét bang VBScript. Nhu vay khi Flask server goi cac file trén thi phan mém
Mach3 mé va chay file G-code truc tiép. Mach3 giao tiép voi CNC Mach3 USB BOB
bang két ndi Ethernet. Mach BOB phat xung diéu khién dén cac co cau chap hanh cua
may CNC dé thuc hién gia cong chi tiét.

3.5. Thuit toan diéu khién hé CIM
Luu d6 thuat toan diéu khién hé théng CIM dugc trinh bay chi tiét trong Hinh 10.

=t

Blynk app

[Esps266 | F[Biynk server|™ (/runl

/run2)

Robot tré vé vi Robot chuyén phéi

tri Home dén 1o

Dong cira

Chay G-code gia cong -
méy CNC W ¢ ¢ ——-1@@ tryc vé Home Cira CNC mo

chi tiét

Cong tac hanh
trinh Home robot,

| Robot gap chi tiétdat |_Yes
1én bang tai

Robot vé vi tri Home

D s6 luong gia No

cong?

Hinh 10. Luru dé thudt todn diéu khién hé CIM
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Hé théng CIM duogc didu khién tir xa théng qua ¢ng dung Blynk trén nén tang loT.
Khi nguoi dung kich hoat chwong trinh, Blynk Cloud chuyén tiép 1énh qua ESP-8266 dén
cac vi diéu khién Arduino. Chu trinh bt dau bang viéc xéc 1ap vi tri géc Home cho toan
hé théng. Tiép theo, tram cip phdi kich hoat dong co s6 5 dé dwa phoi vao vi tri kiém tra.
Phéi phai trai qua co ché x4c nhan ba budc: c¢ong tic hanh trinh, cam bién tiém can (xac
nhan sy hién dién) va cam bién mau (phan loai dung loai phéi yéu cau). Néu mot trong
cac diéu kién khong thoa man, dong co sé 5 tiép tuc dua phoi tiép theo vao. Khi phoi
thoa man, canh tay robot s& gip phoi va dat 1én & td ban may CNC. Robot 1ap tic tré vé
vi tri Home (duoc xé&c nhan biang cong tic hanh trinh), kich hoat dong cira an toan va gui
lénh dén Mach3 dé bat dau chuong trinh gia cong. Sau khi gia cong hoan tat, Mach3 gui
lénh phan hoi dé mé ctra an toan. Robot gap san phiam da gia cong va phan loai dén bing
tai 1 hoac 2 tly theo loai san pham, sau d6 tré vé vi tri géc. Chu trinh s& 1ap lai cho dén
khi du sé lwong san pham yéu cau. Toan bo cac hé thong giao tiép tuan tu thong qua
dong lénh code diéu khién. V& co ché an toan cho hé thng, mét nat vat ly ding khan cap
duogc b tri trén hé CIM dé ngat ngudn diéu khién va mot nat Stop trén Blynk app guri tin
hiéu ngat tirc thoi dén ESP-8266 dé ding ngay vong lap. Néu ESP-8266 mat két ndi véi
Blynk (hoic mang Wi-Fi), n6 s& ngirng giri/nhan 1énh, dong thoi kich hoat canh bao cuc
b6 (nhay LED).

4. Ché tao, lap rap va van hanh thir nghiém hé CIM
4.1. Ché tao va ldp rap hé CIM

Hinh 11. Hé CIM sau khi dwoc lap rap

Hinh 11 1a hé thong CIM sau khi dugc ché tao va lap rap hoan chinh, dap Gng nhu
md hinh thu nhoé caa day chuyén san xuat tu dong. Hé thong duoc thiét ké thé hién cac
chte nang cbt 16i hé CIM, bao gdbm trung tam gia cdng tu dong, co cau cap phdi tu dong,
co cAu gap san pham tuy dong va kha ning giam sat tir xa. Hé bao géom: may phay CNC
(1), ban xoay cap phdi (2), canh tay robot (3), ctra an toan (4), &-t6 (5), bang tai phan loai
(6) va (7), camera giam sat hé thong tir xa (8). Trong hé trén, tim hoat dong cua canh tay
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robot (khdng tinh khoang tinh tién T,) 1a 450 mm, tam di chuyén cua riéng truc T, 1a 400
mm, khoang cach tdm robot dén tdm ban xoay 1a 500 mm, khoang cach tam robot (tai vi
tri cudi hanh trinh T,) dén vi tri ga phoi trén & to 12 400 mm.

4.2. Van hanh hé CIM

Cac cum thiét bi trong hé thong dugc danh gia riéng biét va kiém tra tong hop sau
khi tich hop toan bo hé thdng. Sai léch goc quay vi tri ban duoc quyét dinh bai sai s6 tai
vi tri ma cdng tic “dong” dé chuyén tiép diém tir OFF sang ON. Dung sai vi tri dong mo
cia V-156-1C25 1a +1,2 mm [19], vi tri dat cdng tic hanh trinh céch tdm quay cua ban la
200 mm, nén sai s6 goc 16n nhat boi duge xac dinh trong khoang 0,7°.

Sai s vi tri diém trung tdm tay gép cua robot (TCP — tool center point) trong mat
XOY 1a +10 mm theo moi huéng. Sai sb nay la do hién twong mat ddng bo (truot budc)
cua dong co. Nguyén nhan cy thé 1a trong qua trinh ting/giam téc, quéan tinh va khdi
luong cua cac khau tay may tao ra md-men can dong vuot qua md-men kéo téi da, gay
trugt budc; khi tay may ding, mé-men giit thip ciing 1a nguyén nhan gay dich chuyén vi
tri tinh; diéu khién vong ho khién hé thdng khdng thé hiéu chinh cac sai sé tich lity. Do
do, sai sb vi tri tong £10 mm néu khong dua hé tay may vé vi tri Home trong mét chu
trinh hoat dong. Dé khic phuc sai s vi tri tich lily, giai phap dwa ra 1a hiéu chinh tay may
vé vi tri Home dinh ky, tuy khdng loai bé hoan toan sai sé nhung giup giam sai sé tich
lity sau mdi chu Ky lam viéc giam xuéng con +3 mm. Viéc hiéu chinh nay dugc tich hop
vao luu db thuat toan diéu khién ¢ Hinh 10, dé dam bao d6 chinh xac duoc duy tri & muc
t6i da cho mdi chu trinh 1am viéc. Cy thé, canh tay robot duoc Iénh di vé vi tri tham chiéu
(Home) sau mdi nhiém vu khai dong, gip phdi va gap san pham.

Bang 1 trinh bay gié tri do dac giao tiép tir Blynk app dén ESP-8266 (A1), do tré
thuc thi lénh diéu khién tir ESP-8266 dén USB BOB (A2) va d6 6n dinh hé théng chay
lién tyc trong 2 gid van hanh (A3) duoc tién hanh do 13p lai sau 10 lan. Cy thé, phuong
phép ghi thoi gian ty dong Timestamping dugc s dung dé do do tré giao tiép tir Blynk
app dén ESP-8266. Giao thirc Network time protocol dung dé ddng bo hoa thoi gian giita
Blynk Server va ESP8266. Thoi gian guri Iénh T, duoc gan kém vao dir liéu gui di tir
App, va ESP8266 s& ghi lai thoi gian nhan T,, ngay khi 1énh dén ESP-8266. o tré A1 1a
hiéu s6 gitta T, va T,. Tién hanh twong tu khi do do tré A2 thuc thi lénh diéu khién tir
ESP-8266 — Wi-Fi — Flask Server — Mach3 — USB BOB.

Pé kiém tra kha ning van hanh 6n dinh cua hé théng (A3), hé thong duoc thuc
nghiém lién tuc 2 gio twong ung 18 chu ky hoat dong gia cdng phing bé mat, va thyuc
hién Iap lai 10 lan. Két qua D3 trong Bang 1 1a liét ké s6 chu ky hé théng bi ding.
Nguyén nhan dirng hé théng 1a do: Blynk con nhiéu han ché khi tng dung vao mét hé
thdng CIM c6 khdi lugng cong viéc 16n va yéu cau méi truong chuyén biét, sy anh
huong cua nhidu WiFi, nguy co nghén Server Blynk Cloud, va ESP-8266 dé bi nhidu. Bé
nang cao do 6n dinh va giam thiéu thoi gian dung, cd thé xem xét thay thé Blynk bang
céc ing dung hozc phan mém chuyén dung hon cho viéc diéu khién hé CIM, dong thoi
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chuyén sang str dung mang LAN noi bo (vi du: Modbus/TCP qua mang noi bd) thay vi
phu thudc vao mang Internet va Cloud Server, nham dam bao kha ning két néi va do tin
cay cua hé thng.

Bang 1. Gia tri thuc nghiém dé tré va én dinh cua hé thong

STT| 1 2 3 4 5 6 7 8 9 10

A1 | 0,763 | 1,467 | 1,161 | 0,665 | 1,769 | 0,962 | 1,564 | 1,268 | 0,864 | 1,361

A2 |0,832|0,457 | 0,901 | 0,509 | 0,644 | 0,306 | 0,803 | 1,158 | 0,755 | 1,059

D3 1 1 0 2 1 3 0 2 0 1

Két qua thu duoc Al =1,184 + 0,366 (S), A2 = 0,742 + 0268 (s), va A3 =
(93,89 + 5,52) %.

5. Két luan

Nghién ctu nay da thiét ké, 1ap rap va thir nghiém thanh céng mot Hé théng san
xuat tich hop bang may tinh (CIM) quy mé nhé tich hop cong nghé IoT co ban phuc vu
muc tiéu dao tao. HE¢ CIM duogc xay dung tir may phay CNC cii va cac linh kién chi phi
thap, két hop kién trac didu khién hdn hop dua trén cac nén tang ma ngudn mé (Arduino,
ESP-8266) va phan mém thuong mai (Mach3), mang lai mot giai phap linh hoat va hiéu
qua vé chi phi. Hé thong da chimg minh kha nang van hanh tuan tu 6n dinh véi d6 on
dinh gan (93,89 + 5,52) %. M6 hinh CIM nay vin dap mg duoc cac yéu cau chirc ning
cdt 16i cua mot hé san xuat thdng minh va tré thanh mot md hinh thuc hanh hiéu qua
trong giang day.

Mic du vay hé théng con ton tai cac han ché ky thuat nhu sai sé vi tri TCP cua
canh tay robot va do tré truyén thdng do sir dung giao tiép UART/HTTP. Dé cai thién,
trong thoi gian téi can chuyén sang diéu khién vong kin sir dung encoder dé nang cao do
chinh xé4c co hoc. Vé mit hé théng 10T va truyén thdng, can nang cip mo-dun ESP-8266
lén ESP32-DevKitC va chuyén sang giao thuc truyén théng cong nghiép nhu
Modbus/TCP hoic CAN bus dé giam do tré va ting cuong do 6n dinh mang. Pong thoi
cac cam bién ngoai vi can dugc thém vao hé dé giam sét trang thai va chan doan 13i sém.

Loi cam on: Bai bao nay duoc tai trg boi Truong Pai hoc Bach khoa - Dai hoc Pa
Nang véi dé tai c6 ma sé T2024-02-54.
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DESIGN AND ASSEMBLY OF AN IOT-ENABLED CIM SYSTEM FOR
EDUCATIONAL PURPOSES

Tran Minh Sang?!, Tran Duc Thang?, Dinh Duc Hanh*
ABSTRACT

This study presents the design and assembly of an loT-integrated Computer-
Integrated Manufacturing (CIM) system intended for educational purposes. The novelty
of this system lies in its hybrid control structure which utilizes low-cost components,
enabling students to understand and practice the basic level integration of embedded
programming, electronics, and mechanics. The CIM system comprises a workpiece
feeding station, a robotic arm, a CNC milling station, and a conveyor belt for product
transport. An ESP-8266 Wi-Fi module provides the 10T functionality, allowing for the
synchronized sequential operation of the CIM system and establishing a wireless
connection for remote operation and monitoring. Operational results indicate that the
communication latency from the Blynk app to the ESP-8266, from the ESP-8266 to CNC
Mach3, and the overall system operational stability are (1,184 + 0,366) s, (0,742 +
0,268) s, and (93,89 £ 5,52) %, respectively. Although the system still exhibits several
limitations regarding equipment, communication standards, and stability according to
industrial standards, it nonetheless fulfills the requirements for practical teaching in
courses related to smart manufacturing systems.

Keywords: Computer-Integrated Manufacturing (CIM), Internet of Things (loT),
CNC, robotic arm.
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