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Ngay nhdn bai: 24/09/2022 Temperature has significant influences on many processes in physics,

Ngay nhdn bai swra: 24/10/2022 chemistry, biology, and human life. Controlling precisely temperature is

Ngay duyét dang: 26/10/2022 therefore a basic but essential issue in automation control. This paper
presents a method of building, controlling and monitoring a plant-based milk

Title: cooking system. Solidworks software was used to design 3D model for the

Fabrication and control of a system, from which to process mechanically the hardware, install electrical

plant-based milk cooking devices, and design a SCADA system. The tangent line method for system

system identification and the Internal Model Control (IMC) method are used to
configure the PID controller applied to the temperature control of the system.

Tir khéa: Experimental results show that the plant-based milk’s temperature was stable

PLC $7-1200, PID, IMC, at the set value (90°C) after 45 minutes with a steady-State error of

Solidworks. WinCC. Web apprgximately 2_°C. This r_esult_ is equivale.nt to the simulation result from the

server ' ' kinetic model with the setting time of 45 minutes and the steady-state error of
about 1°C. The product after cooking and cooling is completely usable.
Therefore, the built model basically meets the technological process

Keywords: requirements of an automatic plant-based milk cooking system.
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Nhiét do anh huwong then chét dén nhiéu qua trinh vdt ly, hoa hoc, sinh hoc va
nhiéu mat trong doi song ciia con nguweoi. Piéu khién nhiét dé chinh xdc la bai
todn co sé va rat quan trong trong Iinh viee diéu khién tu dong Bai viét trinh
bay phirong phdp xdy ding, diéu khién va giam st hé thong ndu sita thiee vt
tw dong. Phéan mém Solidworks dwoc ung dung dé thiét ké mé hinh 3D cho hé
théng, tir do tién hanh gia cong phan cimg, ldp dat thiét bi, xdy dung chiwong
trinh diéu khién va giam sat (SCADA). Phwong phdp ké tiép tuyén dé nhén
dang hé théng va phirong phdp diéu khién mé hinh néi (IMC-internal model
control) dwoc sw dung dé chinh dinh bo diéu khién PID ap dung vao diéu
khién nhiét do ciia hé théng. Két qua thyuc nghiém cho théy nhiét g sita én
dinh tai gia tri dat (90°C) sau 45 phiit voi sai $6 xdc ldp trong khodang 2°C.
Két qua nay twong dirong voi két qua mé phong tir mé hinh dong hoc véi thoi
gian xdc ldp 45 phit va sai sé xdc ldp khoang 1°C. San pham sau khi ndu va
lam ngugi hoan toan su dung dwoc. Nhw vdy, mé hinh da xdy dung co ban
ddap g dwoc cac yéu cau quy trinh cong nghé ciia mot hé thong ndu sita thiee
vdt tu dong.
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1. GIOI THIEU

Nhiét do 1a yéu t6 co quyét dinh dén nhiéu qua
trinh tu nhién va trong doi sdng cia con ngudi.
Trong linh vyc san xuat thuc phém va do uéng, mot
s6 loai sita thuc vat nhu sita ddu nanh, sita dau xanh,
sita sen, stra ba"tp,. .. sau khi nghién udt va tach ba
dugce cho vao ndi gia nhiét nham loai bd nhiing chét
tao mui khong mong mudn, vo hoat hoa cac enzyme
va tiéu diét hodc trc ché cac vi sinh vat c6 trong sira
(Tap doan JIMIE, 2022). Sita sau khi nau chin c6 thé
giam nhanh nhiét 46 dé thuan loi cho qua trinh rét
vao chai, han ché viéc cho sita ngudi, ton thoi gian
va lam sita d& bi nhidm khuén. Nén c6 thé thdy rang
viée diéu khién nhiét do chinh x4c 1a bai toan co s&
va rat quan trong.

Hién nay, nhiéu cong ty khac nhau san xuét cac
bd n6i ndu da dang phuc vu nhu céu budn ban thyc
pham cua cac ho kinh doanh nhu ndi nau pho, ndi
nau chdo, ndi niu sita,... DSi v6i quy trinh cong
nghé néu sita ddu nanh coa VinaOrganic, dau dugc
cho vao may xay dau dé tach bi va dung dich sita
thu dwoc s& di vao bon gia nhiét. Nhiét do tai bon
nay dugc thiét 1ap bang num xoay va dugc duy tri
thong qua thudt toan diéu khién ON/OFF ddi voi
bdn gia nhiét. Van va bom dugc bat thi cong débom
dung dich da niu xong 1én bdn chira. Trude khi cho
chay trong 6ng dan inox dat trong bon c¢6 moi chét
lanh (mudi da) dé lam ngudi (VinaOrganic, 2022).
Cong ty Vién Dong xay dung hé théng don gian hon
khi bo qua phan 1am ngudi dé giam gia thanh va quéa
trinh gia nhiét va lam ngudi cling chi gigi han 6 viéc
chinh nhiét do s dung thuat toan diéu khién
ON/OFF va doéng mo van, bom bing tay
(VienDong, 2022).

Internet dang ngay cang mé rong véi nhirng khai
niém nhu céng nghé s, IoT (Internet of things),
cudc cach mang cong nghiép 1an thi 4 (Lu, 2017;
Kalsoom et al., 2021) d4 va dang anh hudng rat
nhiéu dén linh vuc ty dong hoéa & nudc ta hién nay.
Viéc giam sat va diéu khién hé thong tir xa qua dién
thoai théng minh, may tinh bang hay qua cac trinh
duyét web dang ngay cang pho bién. Trong do, ing
dung h¢ thong giam sat diéu khién SCADA tir xa
cho day chuyen san xuét 14 mot trong nhimng cong
cu hd tro thiét thuc cho cac cong ty trong viée didu

40

Tap 59, Sé 1A (2023): 39-46

hanh h¢ théng san xuat. Véi mic gia hop 1y dong
thoi trang bi tinh nang web server, PLC Siemens S7-
1200 1a mot lya chon ndi bat dé xay dung mot hé
thong diéu khién gidm sat ma cho phép ngudi ding
truy cap vao hé théng moi luc moi noi. Luong va
Binh (2016) da xdy dyng hé thong mang truyén
thong Ethernet giira PLC S7-1200, bién tin va man
hinh HMI trong gi6i han cia mang LAN. Dién va
ctv. (2018) da xay dung hé thong diéu khién va giam
sat SCADA mang internet trén co s6 PLC S7-1200
cho mét day chuyén san xuét thirc dn chian nudi. Hé
thdng nay cho phép ngudi ding diéu khién qué trinh
linh hoat bang nhiéu thiét bi khac nhau nhu: may
tinh, may tinh bang, dién thoai thong minh dugc két
ndi Internet. Duong va Hién (2022) da xay dung
dugc hé thong diéu khién va giam sat cho day
chuyén phan loai san phim theo mau sic sir dung
PLC S7-1200 tmg dung cong ngh¢ [oT. Ngoai viéc
cung cép chtrc nang truy cap va diéu khién tir xa, hé
thdng con cho phép cac chuyén gia viét/chinh stra va
nap chuong trinh cho PLC tir xa thong qua mang
Internet.

Tir nhitng khao sat trén, viéc 4p dung nhimg kién
thire 1y thuyét két hop véi xu hudng phat trién cua
thoi dai dé giai quyét, cai thién mot van dé thue tién
14 viéc 1am luén can thiét. Do vay, mot hé théng niu
stta thyc vat ty dong dd dugc xay dung theo quy
trinh cong nghé cing véi giao dién diéu khién giam
sat truc quan st dung mang ndi bd (LAN). M6 hinh
toan cuia qua trinh gia nhiét dugc rit ra bang phuong
phap nhan dang hé thong. Pay 1a co s¢ dé tinh toan
thong s diéu khién cho thuat toan PID nham kiém
soat nhiét d ndu sita ctia hé thong. Két qua cho thiy
sy trong dong gitta m6 phong ly thuyet va thuc
nghi¢ém trong dleu khién nhiét do. Hé thong hoat
dong tu dong, 6n dinh va chét lugng san pham dat
yéu cau.

2. PHUONG PHAP NGHIEN CUU
2.1. Téng quan mé hinh

M06 hinh hé théng néu sira thuc vat tu dong duoc
xdy dyng nhu Hinh 1a véi 03 thanh phan chinh gom
(a) hé théng bon gia nhiét, bon 1am ngudi, bdn chira
dung méi 1am lanh, (b) tu diéu khién va (c) giao dién
diéu khién. Céc thiét bi chinh sir dung cho hé thong
duoc trinh bay ¢ Bang 1.
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Bang 1. Cac thiét bi sir dung cho h¢ théng
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TT Thiét bi Solwgng  Théng sb

1 PLCS7-1200 01 1212C DC/DC/DC

2 Ro-le SSR 01 220V/15A

3 Cam bién PT100 01 RTD 2 déy, 24V

4 Cam bién bao can 02 On/Off, Inox

5  Vandién tir 01 220V, @27mm

6 Bom tang ap 01 220V, 35lit/phat

7  Dong co khudy 01 50RPM, 28W, 220V

8  Dianhiét 01 3000W, ¢180mm, Inox

9 Tudién 01 Thiét, 200x300x400mm
10  Bbn gia nhiét 01 Inox 304, $300x450mm, 20 lit
11  Bon lam ngudi 01 Inox 304, P300x350mm
12 Bdn dung moi 01 480x360x270mm

b -
BON LAM NGUOI BON GIA NHIET TU DIEN

COOKING TIME
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Thing dung méi
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Hinh 1. Téng quan vé h¢ théng
a) M6 hinh thyc té; b) So do diéu khién

Nguyén 1y diéu khién duoc thyc hién nhu Hinh
1b. Dung dich sita v&i thé tich 20 L trong bon gia
nhiét dwoc dun néng béi dia nhiét ma cé thé thay dbi
cong suat ciia nd theo tin hiéu Analog output tir PLC
thong qua ro-le SSR. Nhiét do & bon nay lién tuc
duoc cam bién PT100 do va dua tin hiéu Analog dén
b6 didu khién PLC S7-1200. Bo diéu khién nay sir
dung thuat toan PID s€ dua vao gia tri dat (nhiét do
mong muén) va gia tri do dugc tr cam bién (nhiét
d6 thuc té) dé tinh toan tin hiéu diéu khién cip cho
ro-le SSR. Nhu vay, ¢6 duoc mot hé vong kin diéu
khién chtrc ning trong yéu ctia hé thong.
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Sau khi dat toi nhiét 4o dat va thoi gian duy tri
dé n4u chin sita (thong thudng 20 phut), tin hidu diéu
khién cho ding dia nhiét, dimg dong co khudy dong
thoi kich hoat van dién tir va bom ting ap dé chuyén
sita sang bon 1am ngudi. Lic nay, bom chim s& hoat
dong dé bom dung méi lam lanh vao dng trao do6i
nhiét dang 16 xo nim trong bon lam ngudi. Van dién
tir va bom ting ap s& dimg khi cam bién bao can
trong bodn gia nhiét dugc kich hoat, con bom chim
hoat dong dén khi ngudi dung bim nat dimng. Toan
b6 thong tin vé nhiét do, thoi gian dun néng va nau
cling nhu trang thai cua cac thiét bi chinh duoc hién
thi trén man hinh may tinh véi giao dién trén WinCC
va Web server.
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2.2. Thiét ké va thi cong hé thong
2.2.1. Phan co khi

MO6 hinh hé théng néu sira thue vat tu dong duogc
thiét k&, ché tao twong ty hinh dang cta hé thong
cong nghiép. Tén cac thiét bi va quy cach, kich
thudc ciia chung duoc trinh bay trong Bang 1. Phan
mém SolidWorks dugc st dung dé v& mé hinh 3D
ctia 2 bon trude khi tién hanh xuat ban v& 2D va dem
gia cong. Két qua thu dwoc 1a mo hinh thyc té hoan
chinh nhu da gidi thi€u ¢ Hinh 1.

2.2.2. Xay dung chwong trinh diéu khién

V6i mo hinh dé c6, mdt chuong trinh diéu khién
dugce xay dung dua trén yéu cau ve nhiét do va thoi
gian niu sira trong quy trinh cong nghé san xuét sita
dau nanh cong nghiép (Tap doan JIMIE, 2022). Yéu
cau diéu khién 13 hé thong van hanh 6n dinh, thoi
gian tang nhi¢t do nhanh, d6 vot 16 khong qua 10%,
sai sO xac 1ap khong qué 3°C do nhiét d6 nau thich
hop roi trong khoang 87 — 93°C.

Luu dd giai thuat ché do Auto duoc trinh bai &
Hinh 2a. Pau tién, sau khi nhan nat Start va nhap
nhi¢t 46 dat (SP) va thoi gian néu, chuong trinh kich
hoat bo didu khién PID, dong co khudy. Khi nhiét
do dat gia tri dat thi Timer thoi gian nau bét du kich
hoat dé duy tri nhiét d6 niu sira. Khi hét thoi gian
néu, chuong trinh dirng bé diéu khién PID va dong
co khudy, néu cam bién phao 2 ciia bon lam ngudi
bao can, chuong trinh bat van dién tir va bom tang
4p dé bom dung dich sita tir bon gia nhiét sang bon
1am ngudi, ddng thoi bom chim ciing dugc kich hoat
dé bom dung moi lanh. Dén khi, cim bién phao 1
ctia bon gia nhiét bao can, chuong trinh dimg van
dién tir va bom ting 4p. Bom chim hoat dong dén
khi nhiét do trong bon lam ngudi dat yéu cau, nguoi
véan hanh nhan nat Stop két thuc.

Luu db giai thuat ché d6 Manual dugc trinh bai
& Hinh 2b chu yéu duoc dung dé kiém tra tinh trang
thiét bi. Ngudi dung ciing c6 thé sir dung ché do nay
dé ndu dya vao cac tin hiéu cam bién theo cac bude
da trinh bay ¢ phan trude do.
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Diing

Bt bd dicu khién PID
Bat motor khudy SORPM

Tit bd dséu khién PID
Tat motor khudy SORPM

Chon cbé 45 ON'OFF van
Chon ché 85 ONOFF bom

Bitbo
didu khién PID

Hinh 2. Lwu d giai thuat cia Chwong trinh
dieu khién
a) Ché dj Auto; b) Ché dé Manual
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2.2.3. Xdy dung giao dién diéu khién gidm sdt
WinCC, Webserver

Giao dién diéu khién giam sat h¢ thong (Hinh 1a)
dugc thiét ké qua cong cu WinCC cua TIA Portal va
Web server, c6 thé tuong tic ngudi van hanh qua 02
ché d6 gom: (1) diéu khién thu cong va (2) didu
khién tu dong. H¢ théng giam sat SCADA duoc
hoan thanh tir viéc két hop cac chic niang Graphics
Designer, Tag Logging, Report Designer, User
Achivers cua WinCC.

Hé théng Webserver xay dung dwa vao cong cu
Visual Studio Code v6i ngdn ngit 1ap trinh Python
cung voi thu vién Python flask, két hop véi bo 3
ngén nglt co ban cua Website 1a HTML, CSS,
Javascript cung véi thu vién két ndi voi PLC S7-
1200 python-snap7. Cac budc da thyc hién bao
gom:

Budce 1: Xay dyung giao dién giam sat va diéu
khién trén Web server bang phan mém “Visual
Studio Code” dé soan thao cac trang Web, sau dé
Iuu dudi dang file .html (Hinh 3).

Budc 2: Cau hinh Web server cho PLC S7-1200.
Kich hoat chiic ning Webserver bang cach chon
thudc tinh “Activate Web server on all modules of
this device” (Hinh 4).

Hinh 3. Chuong trinh giao di¢n Web diéu
khién va giam sat h¢ thong nau sira thuc vat ty
dong trén phan mém “Visual Studio Code”
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ALC_TTCPU 12T 20 DOOODCT x|
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[ Activate Wb server on a8 madules of tha device

FE Permisaccess sebymith TS

[ trable sutamatic wpdate

echanisms v

User management

<

o cancel

‘

Hinh 4. Chirc ning Webserver ciia PLC S7-1200
trén phan mem TIA Portal V15.1

Budc 3: Bang ky dia chi Webserver. Sau khi
khai bdo phan mém Python, tai thu vién flask dé truy
cap Web, tai thu vién Snap7 dé kétndi voi PLC, truy
cap vao thu muc chira by ma ngudn (Source) trong
may tinh. Ta c6, dia chi truy cap Web:
http://127.0.0.1:9000 (dang local) nhu Hinh 5.

Hinh 5. Ding ky dia chi Webserver trén cira so
Command Prompt

2.2.4. Xady dung thudt todan diéu khién

Trong hé thong nau sita nay, viéc gia nhiét va
duy tri nhiét d6 cho sita & mot gia tri mong mudn 1a
quan trong nhit. Bai toan didu khién nhiét do nay
duoc tién hanh dya trén nguyén 1y didu khién hoi
tiép (Hinh 6). Bo diéu khién P1D trong PLC S7-1200
tiép nhan va so sanh gi4 tri nhiét d6 cua stra ma cam
bién PT100 thu thap vai nhiét do dat (SP), tir do cap
tin hiéu diéu khién véi mic dién ap 0-10V dén ro-le
SSR dé diéu khién cong suit cua dia nhiét.

PLC S7-1200

Y

Ro-le SSR

A\ 4

Bon dung dich

Y

Dia gia nhiét

Y

Cam bién
nhiét ao

Hinh 6. Mé hinh diéu khién vong kin

Pé lua chon thong sb cho tl}uét tqén dié}l Kkhién
PID ciing nhu mé phong hé thong diéu khién vong
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kin, ta can biét dwoc mé hinh toan hoc ma mé ta dic
tinh dong hoc cla qua trinh gia nhiét nay.
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Béng cach 4p dung phuong phap ké tiép tuyén,
md hinh FOPDT (first order plus dead time —
phuong trinh vi phan bac nhét ¢6 tré) giira dau vao
1a cong suét cap nhiét va dau ra 1a nhiét d cua chat
long c¢6 dugc nhu cong thue (1).

G(s) = @)

Trong do, K, = 29,629; Ty = 139,52 (phut); 6, =
3,45 (phat) 1an luot 1a d6 loi, hang s6 thoi gian va
thoi gian chét cua qua trinh vong ho. Bang cach udc

lugng e % = ﬁ, ham truyén (1) tr¢ thanh:

G(s) =

Véi cac thong sb cua qua trinh vong ho co duoc,
ta co thé dwa vao phuong phap didu khién mé hinh
ndi bo (Internal Model Control — IMC) dé tim cac
thong s6 didu chinh cho bd diéu khién PID ma co
dang tiéu chuén nhu phuong trinh (2).

29,629

—3,45s
139,525 +1°

29,629 1
139,525+ 1 3,455+ 1

CO=Kc.e(t) + < fe(t)dt+K Tdde(t)

O]

Chon hang sb thoi gian vong kin T. tac dong
nhanh: T¢ ¢6 gia tri 16n hon 0,1*T, hoac 0,8*0,
(Arbogast et al., 2010, PID control of the heat
exchanger, 2022), ta duoc:

Kc _ 1 (Tp+ o,5.ep) _
Kp "\ T¢ +0,5.6p
1 .(139,52+ 0,5.3,45) = 030315
29,629\ 14+ 053,45
Ti = T, + 05.8,=13952 +0,5345 =
141,245
Td =228 = 1,703

2.T;

Ta’chuyén cac thong sb nay sang B diu khién
PID cau trac dang 1y tudéng (3) ma dugc su dung
trong Simulink va TIA Portal:

de(t)

3)

Céc thong s6 cho bo didu khién PID sir dung
trong Simulink va TIA Portal:

P =K, =0,30315

CO() = Kp.e(t) +K; [ e(t) dt + Ky

[ = ‘;— =0,002146

D =K. Ty = 051654

Cubi cling, ta tién hanh kiém chimg két qua doi
v6i bo thong s6 diéu khién tim dwoc trén mo hinh Iy
thuyét thong qua Matlab Simulink va trén mé hinh
thuc té.
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3. KET QUA VA THAO LUAN
3.1. Diéu khién nhiét dd

Viéc kiém chung dap tmg vong kin cua hé duoc
tién hanh voi gia tri nhiét do ban dau 1a 30 °C va gia
tri dat 1a 90°C. Két qua duoc thé hién twong g trén
Hinh 7 va Hinh 8.

Ta théiy qua trinh mo phong 6n dinh, nhiét 4o dau
ra sau khoang thoi gian T = 45 (phut) thi bam sat gia
tri dat voi sai s0 xac lap khoang 0,9°C va do vot 10
2%.

Két qua thuc nghiém cua hé thong thuc té dugc
thé hién & Hinh 8, v6i dudng nét dit mau do 1a gia
tri nhiét do dat (Setpoint = 90°C) va duong mau
xanh 1a gia tri nhiét d6 do duogc. Ta thiy hé thong
hoat dong tét: sau khoang thoi gian cp nhiét 45
(phut) thi nhiét do stra dat téi nhiét do dat va bam
sat voi do vot 16 khong qua 3% va sai s0 xé4c 1ap nho
hon 2°C. Nhu vay, két qua thuc nghiém 1a tuong
duong véi két qua mo phong, thoa mén yéu cau diéu
khién va cac thong so diéu khién tim dwoc bang
phuong phap IMC hoan toan dap tmg duge yéu cau
diéu khién hé thong nay. Bang tom tat két qua dugc

trinh bay ¢ Bang 2.
4 Scope - o X
File Tools View Simulation Help >
@-/eOP® - Q-0 FA-
]
I

Tdap img = 45 (phut)

s

Ready Sample based  T=65.000

Hinh 7. Pap ung vong kin ciia mé hinh toan

idu khién PID trén mb hinh thie té

Nhiét 4 (o€

PV-30°C
[Tiin skt = T rmg = 45 ()| | Tk trmg = 45 (et}

8 16 2 i 40 4 48 56 65

Thisi gian (phit) T= 65 iy

Hinh 8. P4p g vong kin cia thiét bj thuc
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Bing 2. Panh gia chit hrgng diéu khién khi md phong va thuc nghi¢m

Yéu chu Mo phéng Thwc nghiém
Thoi gian x4c lap nhanh 45 phut 45 phut
Do vot 16 10% 2% 3%
Sai s0 3,0°C 0,9°C 1,8°C
3.2. Chay thuc nghiém CONTROL R
Két qua thir nghiém cho thdy giao dién diu _ =
khién giam sat WinCC truc quan, sinh dong va chay — *

6n dinh, thuc hién duge cac yéu clu ditra (Hinh 9):
Trendview, Report (xuat file b4o c40), va mo phong
muc nudc,.... Hé thong Webserver hoat dong tdt,
chay on dinh, giao dién tryc quan sinh dong véi dén
béo trang thai, hién thi nhiét do dé gitp nguoi van
hanh giam sat d& dang (Hinh 10). Két qua ndu sira &
ché do Auto véi gia tri dat 1a 90°C, thoi gian duy tri
nhiét do néu 1a 20 phut, sau khi lam ngudi cho ra san
pham chat luO'ng t6t.
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M6t mo hinh hé théng néu sita thuc vat su dung
cac thiét bi dién-ty dong trong cong nghiép da dugc
xay dung va thtr nghiém. Giao dién WinCC va
Webserver dugc xay dung dé diéu khién va giam sat
toan bo hé¢ théng. Thong qua mod hinh thyc té, mo
hinh toan cua qua trinh gia nhiét ciing duoc rat ra
bang phuong Jphap nhén dang h¢ thong ma tir d6 tinh
toan thong sé cho bo diéu khién PID. Két qua mo
phong va thuc nghiém cho thiy bo thong sé diéu
khién PID tim dwoc bang phuong phap IMC lam
viéc hiéu qua véi thoi gian tang khong qua 45 phit,
d6 vot 16 thap hon 3% va sai s6 xac 1ap khong qua
2°C. Sy twong ddng vé dap ung giita hai mé hinh
cho thiy mé hinh toan tim dugc hoan toan phan anh
dugc dong hoc qua trinh gia nhiét ciia hé thong nén
n6 hoan toan co thé sir dung dé phan tich, thiét ké va
kiém chirmg mot bo diéu khién trudc khi ap dung vao
mo hinh thue té. Hon thé nita, c6 duge mé hinh toan
hoc, viéc ap dung va mé phong dong hoc hé thong
vong kin véi nhitng bo diéu khién cao cap hon nhu
MPC, SMC,... 1a hoan toan thuan lgi.
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