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TOM TAT

C6 dac chan khong hoat dong gidn doan 1a mét qua trinh khé diéu khién tw dong. Trong
nghién c:zu ndy, chang tbi nghién citu tw déng héa qud trinh cé diac dwong cia hé thong cé dac chan
khéng gidn doan quy mé pilot. Pé phét trién hé thang tu dong héa, bon vong diéu khién don déc ldp
dd dwoc sir dung nham diéu khién lan hrot mirc Iéng khi nhép liéu, ap suat chan khdng trong thiét
bi ¢6 ddc, nhiét dé cua dung dich trong buong dot va nhiét dé ciia mirdc gidi nhiét trong thiét bi
ngung tu. Dya trén nghién ciru thiec nghiém va siz dung md hinh bdc nhdt cé tré (FOPDT), ham
truyén cua diéu khién qua trinh da dwoc xay dung thanh cong. Tir do, cdc hé s6 thudt todn diéu khién
PID bao gom Kp; K va Kp d@é ldp trinh cho bg diéu khién da duoc xdc dinh théng qua phirong phdp
Ziegler-Nichols 1. Két qua danh gia bang thuc nghiém va mé phong Matlab/Simulink dza trén cac hé
s6 thu duwoc cho thdy két qua mé phéng phan dnh su fong dong véi hanh vi cia qué trinh thuc té,
chiing minh rang md hinh ham truyén la ding tin cdy. Mo phong mdy tinh dirot sir dung dé hiéu chinh
cac hé sé dieu khién nham téi wu chat lwong diéu khién qua trinh dya trén ham truyén thu duoc cho két
qua Kp = 71,5; Ky = 4,5 va Kp = 01ing Véi thoi gian ddp vmg 1200 s, dé lot vo POT khodng 0,625% va
sai s6 gan bang khdng. Két qua cia nghién ciru da thiét |ap mét phwong phdp dé xdc dinh cac hé so
hoat déng diéu khién dé tir dong hoa qua trinh cé dac chan khdng hoat dong gidn doan c6 thé ap dung
cho nhiéu logi dich nuéc tréi cay va cac san pham cé hogt tinh sinh hoc khac nhau.

Tir khoa: ty dong hoa; Matlab /Simulink; diéu khién qua trinh; c¢6 dic chan khong;
Ziegler-Nichols

1. Giéi thigu o 7
Co6 dac chan khdng la mét qua trinh pho bien trong cong nghiép hda hoc va thuc pham

nham nang cao ham lugng chat tan trong dung dich. Pay 1a mot qua trinh khéng thé thiéu

va duoc str dung phd bién trong quy trinh san xuat dudng mia véi quy mé cdng nghiép Ién
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dén rat 16n (Nguyen, 2011). Tuy nhién, viéc nghién ciu &ng dung cho cac quy md vira va
nho lai con rat han ché vi nhu cau thuc tién truée day khong cao.

Ngay nay, c4c thuc pham dic san, thuc pham chuc ning phat trién ngay cang nhiéu vé
chung loai. Phuong phap c6 dic chan khéng cé thé duoc &p dung dé ché bién céc loai nudc
trai cay dac san (Nguyen et al., 2014; Le et al., 2018) hay cac loai nudc udng co dic co dugc
tinh cao l1am thuc pham chirc ning (Dang et al., 2018). Véi quy md cac doanh nghiép dang
khoi nghiép trong linh vuc nay tai Viét Nam, cac hé théng hoat dong gian doan theo meé quy
mo pilot 14 pht hop véi thuc té nghién ciu va san xuét nhat.

Hé thong c6 dic chan khong hoat dong gian doan quy mé pilot thudng ¢ cau tao don
gian (Pham et al., 2010) va van hanh thi c¢éng. Sir dung bom chan khong két hop vai thiét
bi ngung tu, cac hé thong nay c6 thoi gian c6 dac hoan toan phu thugc vao thao tac van hanh
va kinh nghiém caa ngudi sir dung. Sy phét trién caa khoa hoc ki thuat va tu dong hoa ngay
cang cao doi hoi phai ¢6 nhitng phuong phap diéu khién phu hop hon nham tiang d6 chinh
xé&c va hiéu qua st dung lao dong ciing nhu dam bao duoc ning suit va chit luong 6n dinh
ctia san pham.

Nghién ciru duoc phat trién tir mot hé thdng co dic chan khéng st dung ndi co dac
budng dét trong ¢ 6ng tuan hoan trung tdm, gia nhiét biang hoi nuéc bao hoa &p suat thuong.
Két hop vai thiét bi ngung tu ng chum va bom chan khong dé tao ap suat chan khéng cho
quéa trinh. Hé thng ciing tuan hoan nudc giai nhiét ¢ thiét bi ngung tu qua mot thap dém dé
tiét kiem nudc.

V& phuong 4n diéu khién, ¥ tuong co ban cua nghién ctiru d6 1a: diéu chinh 6n dinh ap
Suit trong suét qua trinh c6 dic va dya vao nhiét do sdi dung dich dé dua ra tin hiéu diéu
khién thoi gian két thlic mot mé co dic. Theo |i thuyét, khi dp suat trong hé on dinh, nhiét
d6 s6i dung dich s& tang theo ndng do dung dich (Pham et al., 2010). Khi khao sat hé théng
¢6 dic hién hiru chung toi da tién hanh mot sé thay ddi cai tién: (i) sir dung ejector dé tao
chan khdng va (ii) tan dung luu lwong cua dong nudc giai nhiét dé diéu chinh 6n dinh &p
suit chan khong, 1a phwong an phu hop vé chi phi va ki thuat.

Trong qua trinh thiét ké va xay dung hé thong diéu khién, nghién ciru da sir dung céc
thiét bi, linh kién diéu khién c6 d6 6n dinh cao thuong dung trong cdng nghiép nhu bo diéu
khién PLC (programmable logic controller), cam bién &p suat, cam bién nhiét d6 va cam
bién muc tiéu chuan cdng nghiép dé dap wng tinh thuc tién cao cho hé thong (Nguyen et al.,
2007). Cung véi d6 1a hoan thién qué trinh khao sat va thiét ké giao dién giam sat HMI 1am
tién dé dé trién khai ché tao hé théng san xuét thuc té.

Dung dich duong saccarose 1a mot dbi twong quen thudc cia qua trinh ¢6 dac (Elhaq
et al., 1999). Do dé& bi bién tinh ¢ nhiét do cao, qua trinh c6 dac dung dich duong thuong
duoc thuc hién ¢ ap suat chan khdng (Nguyen, 2011). Vi vy, nghién cau sir dung dbi tuong
nay dé khao séat kha ning diéu chinh 6n dinh &p suat va tinh tu dong héa cua hé théng dé
duoc dung dich san pham c6 chat lugng khdng bi bién tinh.

2148



Tap chi Khoa hoc Trwdng BPHSP TPHCM Tap 18, S6 12 (2021): 2147-2161

2. D(’ii twong va phwong phap nghién ciru
2.1. Doi twong nghién ciru

Dbi twgng nghién ciru trong bai bao nay 1a hé thong ¢ dic chan khong hoat dong gian
doan quy md pilot v6i niang suit nhap liéu 8,2 kg/mé, cd thé hoat dong & &p suat chan khdng
cuc dai 0,8 atm, dugc gia nhiét boi hoi bdo hoa (1 atm). Mai truong chan khéng trong ndi
o ddc duoc tao ra va duy tri bang thiét bi ejector gin trén dudng nudc giai nhiét nham tiét
kiém ning luong thay vi st dung bom chan khéng nhu truyén théng (Wetzel, 1996; Hackett,
2018). Nguyén I hoat dong cua hé thdng c6 dic duoc thé hién trong Hinh 1.

e P
PICT T
o1 [~

Hinh 1. So' dé P&ID hé thong ¢é dic chan khong hoat dong gidn doan:

(1) Buong dat; (2) Buong bac; (3)Thiét bi ngung tu; (4) Bon chita nude ngung; (5,6) Bom
nuéc gidai nhiét; (7) Noi hoi; (8) Bon cdp nuwdc noi hoi; (9) Thap gidi nhiét meoc; (10)
Ejector; PIC- Hién thj va diéu khién ap sudt; PT- Truyén dan tin hiéu ap suat; LT- Truyén
dan tin hiéu mizc chat léng; LC- Piéu khién mizc chat long; TT-Truyén dan tin hiéu nhigt
as; Tl- Hiéq thi nhiér dg; TIC-Hién thj va diéu khién nhiér dé; M- Péng co dién

H¢ thong c6 dac chan khdng hoat dong gian doan trong nghién ciu nay thuc hién nhap
licu mot 1an. Khac véi qua trinh lién tuc, cac qua trinh hoat dong gian doan thudng tidu ton
mot lugng thoi gian I16n gitta cac mé va thai gian khai dong caa mdi mé. Nham rat ngén thoi
gian nay, chung toi di xay dung mot quy trinh khoi dong hé théng gom nhiéu khau chay
song song va ndi tiép dé cung hoi tu tai mot thoi diém mong muén dinh trude. Quy trinh
khoi dong duoc tu dong hod nhu sau: khi cho hé théng khoi dong, bom nudée (5,6) hoat dong
dé tao &p suat chan khong cho toan hé thdng thong qua ejector (10). Sau khi &p suat chan
khong dat dugc gié tri 0,3 atm, van nhap liéu dugc mé ra cho dung dich vao ndi ¢é dic (1,2)
nho chénh léch &p suat véi méi trudng. Théng qua cam bién muec, khi dat dugc thé tich dung
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dich mong muén trong budng dét (1), hé théng dong van nhap lidu. Song song véi qua trinh
d6, qué trinh gia nhiét cho budng dbt ciing dugc tinh toan thoi diém khoi dong dé cip nhiét
cho dung dich dat nhiét d6 soi dung tai thoi diém ap suat chan khdng trong ndi dat gia trji 0,8
atm, luc ndy qua trinh c¢6 dic bat dau xay ra. Hoi thtr béc 18n trong budng béc (2) tir s sbi
ctia dung dich theo duong 6ng din dén thiét bi ngung tu dang dng chum (3). Nudc ngung tir
qua trinh nay duoc chtra vao bon chira nuée ngung (4). Nude giai nhiét sau khi ra khoi thiét
bi ngung tu (3) tiép tuc di qua ejector (10) dé duy tri &p suat chan khong cho hé théng rdi
duoc phun vao thap dém (9) dé 1am mat. Nudc sau lam mat duoc bom tuin hoan vao thiét
bi ngung tu va bit dau chu trinh trao d6i nhiét méi. Hé thong sir dung 2 bom 1ap song song
nham dat duoc hiéu qua ngung tu can thiét. Trong d6, mot bom dong vai trd cung cip nudc
giai nhiét du dé ngung toan bd hoi thir tir quéa trinh béc hoi dung méi. Bom thir 2 dwoc sir
dung dé diéu chinh 4p suat chan khéng.
2.2. Nguyén ligu

Dung dich ¢6 dic trong nghién ciru nay 1a dung dich dudng saccarose c6 nong do ban
dau 14 20 °Bx (20 %kl) duoc ¢ dic dén nong do cudi 1a 65 °Bx (65 %kl). Nong do cua duong
trong qué trinh thuc nghiém duoc xac dinh bang thiét bi do do khic xa ki thuat sé (PR-301a,
Atago-Nhat Ban).
2.3. Ngi dung nghién ciru
2.3.1. Thiét ké hé théng diéu khién va lap dat linh kién diéu khién tur déng

Dé thiét ké hé thdng diéu khién cho thiét bi c6 dac chan khong quy mé pilot hoat dong
gian doan, nghién ciru ndy str dung phuong an diéu khién nhiéu vong don doc lap véi 4 vong
diéu khién chinh dé diéu chinh cac diéu kién cong nghé bao gom muc chat long nhap liu
ban dau, &p suat chan khdng ndi c6 dac, nhiét do cua budng dot trong ndi c¢o dic va nhiét do
cua thiét bi ngung tu. Muc tiéu nham duy tri sy 6n dinh trong hoat dong caa hé théng cd dic
chan khéng & cac diéu kién cong nghé duoc cai dit ¢ gia tri xac dinh.
2.3.2.Khdo sdt qud trinh ¢é déic va xdc dinh cac tham sé diéu khién

Noi dung nghién ctu nay khao sét sy thay d6i cua ap suat chan khong theo thoi gian
trong quéa trinh thuc nghiém c6 dic duong. Dua vao dé dé xay dung ham truyén hé théng
nham tim ra cac thong sb caa bo diéu khién, cac thdng sé nay phai dap ung chat lugng diéu
khién. Dé danh gia chat lwong diéu khién, ta quan tdm dén: do chinh xac, do lot vé va thoi
gian dap tng. Do vot 16 POT (Percent Overshoot) 1a dai lwong biéu thi su vuot qué cua gia
tri dap wng véi gia tri cai dat trong qua trinh dap tmg qua do. Do lot vb (POT) duoc tinh theo
codng thire (1). Phuong phéap xac dinh d6 lot vé duoc thé hién trong Hinh 1. Trong d6, thoi
gian xac 1ap ta 1a dai lugng danh gia khoang thoi gian tir khi bat dau qua trinh diéu khién
dén khi gié tri dap Gmg dat hoic tiém can gia tri cai dat trong mot sai s6 cho phép. Pic trung
cho d6 chinh x4c diéu khién Ia sai s6 xac lap ex, nghia 1a sai s6 ctia dap tng khi qua trinh 6n
dinh so vai gia tri cai dat.
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pOT = Jme ~ Y, 10094 1)
yxl
Trong d6: POT 14 dd Vot 16 (%); ymax 12 gid tri cuc dai trong qua trinh qua d9, don vi theo
bién qué trinh; yx la gia tri xac 1ap khi hé dat trang thai can bang, don vi theo bién qua trinh.
M® hinh toan cua hé dugc xay dung tir thuc nghiém, chiang téi tng dung mé hinh quan
tinh bac nhat c6 tré (First order plus dead-time — FOPDT) vi tinh don gian va thuc dung caa
md hinh toan nay (Roy et al., 2005; Muresan et al., 2020). M6 hinh FOPDT duoc thé hién &
phuong trinh (2) dudi dang ham truyén G(s). Trong d6, K 1a hé sé khuéch dai tinh (khong
don vi); 7 1a hang sé thoi gian va 6 1a thoi gian tré tinh theo cuing don vi thoi gian.
K

G(s) = xe > (2)
1+7xS
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Théi gian
Hinh 2. So' d6 md ta phwong phdp xdc dinh POT, ta va ex
Trong céc quy luat diéu khién théng dung, vong diéu khién theo sach lugc phan hoi
vé6i quy luat diéu khién PID (Proportional Integral Derivative) cho do chinh xéac cao tac dong
day du dén cac thanh phan cua sai sb theo thoi gian gom do 16n, thoi gian ton tai va xu hudng
bién doi. Bén canh dé quy luat diéu khién nay ciing twong dbi dé tinh toan dua theo phuong
trinh (3).

de(t)
m ©)

t
u(t) = K, xe(t) + K, xje(r)xdr+ Kp X
0
Trong do, Kp, K, Kp lan luot 12 hé s6 khuéeh dai ti 16, tich phan, vi phan (khong don
vi); e(t) 1a ham sai s6 theo thoi gian caa bién duoc diéu khién so véi gia tri cai dit co don vi

theo bién dugc diéu khién. Cac hé sé Kp, Ki, Ko quyét dinh chat lugng ciia bo diéu khién
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PID. C6 nhiéu phuong phéap xac dinh va hiéu chinh céc hé s nay. Nghién ctu nay sir dung
2 phuong phap thuong dung 1a Ziegler Nichol | va hiéu chinh db thi trec quan tir mé phong
trén phan mém Matlab Simulink (Yucelen et al., 2006; Diaz-Rodriguez et al., 2017). Phuong
phap Ziegler Nichol I dua ra phuong phap tinh cac hé sé cho bd diéu khién PID theo hé
phuong trinh (4).

KP:1,2><z'
Kx@
K

K, =—2*

' 2x0 4)
K,x@8

K,=—F

b 2

2.4. Trang thiét bi nghién cizu

Nghién ctu nay st dung céc loai linh kién diéu khién xuat xu tir chau Au va Mi, duoc
sir dung trong cong nghiép nhu bién tan (SKBD200150, Emerson), bo diéu khién PLC (S7-
300, Siemen), cam bién mic (Model 61, Mega Swing), cam bién ap suat (PR-23RY, Keller-
Druck), cam bién nhiét d6 (644HANAXAQ4, Emerson).

Céc phan mém tin hoc nhu Tia Portal dugc st dung dé 1ap trinh hoat dong cho b diéu
khién PLC va xay dung giao dién giam sat thoi gian thuc HMI cho hé théng c6 dic. Cong
cu md phong Matlab Simulink, va phuong phap Ziegler-Nichols I dugc sir dung dé tinh toan
cac hé sé Kp, K, Kp lan luot 1a hé sé khuéch dai ti 1, tich phan, vi phan cho bo diéu khién
dé diéu khién qua trinh c6 dac.

3. K&étqua vathao luan
3.1. Thiét ké hé théng diéu khién va ldp dat linh Kign diéu khién tw dgng

Dé tién hanh khao séat qué trinh can thuc hién diéu khién lan lugt cac dai lwong cong
nghé trong hé thdng. Trong d6, vong diéu khién 6n dinh &p suat 1a quan trong nhat, tiép theo
1a vong diéu khién giam sét nhiét do sbi dung dich dé diéu khién thoi gian ¢d dac. Lua chon
sach luoc diéu khién phan héi lan luot xay dung so dd khdi cho cac vong diéu khién trén.
So dd khdi vong diéu khién &p suat duoc thé hién trén Hinh 3. Bén canh d6, vong diéu khién
nhiét d6 dung dich trong ndi c6 dic duoc thuc hién theo sach luoc diéu khién phan héi voi
thuat toan dong/mo (ON/OFF) nhu duoc trinh bay trong Hinh 4.

Tin hiéu
B0 diéu | diéu khién Biéll Tan so 7 p
.z > 2 | Bom | Ejector
khien |4 20ma| fan 0..50 Hz

Y

Tin hiéu Cam bién

ap ‘-"‘il al‘ \“fn

Hinh 3. So do khoi vong diéu khién &p sudt
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Két hop cac so d6 khéi di xay dung thu duoc thuat toan diéu khién chung cho ca qua
trinh gdm nhiéu nhanh tin higu va tac dong (Hinh 5). Trong dé, bon vong didu khién chinh
duoc thé hién & bon nhanh cong viéc song song véi nhau. Lan luot tir trai sang phai 12 tao
&p suat chan khong, cap nhiét budng dbt, nhap liéu va giai nhiét dong nudce tuan hoan. Trong
d6 nhanh cong viéc tao 4p suat chan khong cé két hop véi giam sat va diéu khién nhiét do
dung dich tao thanh nhéanh céng viéc chinh quyét dinh hoat dong va thoi diém két thic qua
trinh, vi sy thay doi ndng d6 duong s& co ban anh huong dén nhiét do sbi caa dung dich
trong qua trinh c6 dic, luvong hoi thir boc I1én trong thiét bi co dic va anh huong dén ap suat
chan khong cua hé théng. Theo d6, qua trinh sbi bén trong thiét bi ¢ thé bi dap tat hoac
bung manh gay hién tugng trao bot. Pay la nhirng hién tugng khéng cé lgi cho qua trinh cd
dic. Do do, duy tri 4p suit chan khéng va nhiét do sdi cua dung dich Ia rat quan trong trong
qua trinh c6 dac.

I'in hi¢u
B4 dieu | diéu khién e .| Luulueng g T
¢ | NO1 hol ] N6i ¢ diic -
khién ON/OFF hoi dot

Th[‘

Tin hiéu

Cam bién
nhiét do

nhigt do

Hinh 4. So dé khéi vong diéu khién nhiét @ dung dich

Luu db thuat toan diéu khién duoc xay dung cho caa hé thong co dic chan khéng hoat
d6ng gian doan nhu trinh bay ¢ Hinh 5. Vong diéu khién muc chat long LC-01, sir dung tin
hiéu tir cam bién muic gan trén than ndi c6 dac thuc hién didu khién nhap liéu da lwong dung
dich can thiét ban dau. Vong diéu khién ap suat chan khéng PIC-01 sir dung 1 cam bién é&p
suit gan trén dinh budng béc 14y tin hiéu cho bo diéu khién tac dong dén bom nudc giai
nhiét. Vong diéu khién nhiét ¢6 TIC-01, sir dung tin hiéu tir cam bién nhiét d6 gan & day noi
o dic dé diéu khién va giam sat nhiét do sbi cua dung dich bang cach tac dong 1én dién tro
ndi hoi. Vong diéu khién nhiét do T1C-02, st dung tin hiéu tir cam bién nhiét do gan & vi tri
dau vao thiét bi ngung tu dé diéu khién va giam sét nhiét do nudc cap cho thiét bi ngung tu.
Vong diéu khién nay tac dong 1én ddi twong 12 thap giai nhiét nudc. Ngoai ra, vong diéu
khién nay két hop giam sét nhiét d6 diu ra cuaa thiét bi ngung tu T1-03.

Trong qua trinh khao sét, nhan thay qua trinh ban dau can tao &p suat chan khéng
nhanh nén b diéu khién ap suat duoc lap trinh thuat toAn ON/OFF trong giai doan dau. Khi
sai léch giira gia tri 4p suat do duoc va gié tri cai dit nho hon 0,1 atm, bd diéu khién chuyén
sang thuat toan PID. Diéu nay sé& gitip cho qua trinh diéu khién &p suat 6n dinh hon, do giam
anh huong cua thanh phan tich phan trong thuat toan diéu khién.

3.2. Khdo sdt qud trinh cé dic va xir 1i sé ligu

Dé thuc hién diéu khién qué trinh ¢ dic, nghién cau sir dung phan mém Tia Portal dé
lap trinh hoat dong cho bé diéu khién PLC tuan theo thuat toan thé hién ¢ Hinh 1 va Hinh 5,
ddng thoi xay dung giao dién theo ddi thoi gian thuc HMI két ndi hé théng véi may tinh
(Nguyen et al., 2007; Tran, 2016). Trén co s& d6 thuc hién khao séat thuc nghiém qué trinh
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¢6 dic va lap ham truyén hé théng theo md hinh FOPDT (Roy et al., 2005). Str dung phuong
phap ké tiép tuyén (Hoang, 2009), véi tiép tuyén di qua diém udn sao cho hé sb gdc 1a Ion
nhat. Tiép tuyén nay giao voi truc thoi gian 1a thoi gian tré @ trong céng thic ham truyén.
Puong thang khéc tiém can vaoi gié tri can bang cua &p suat cho phép xac dinh hé sé khuéch
dai tinh K va hang s thoi gian z nhu mé ta & Hinh 6. Tir d6 1ap duoc ham truyén cua qua
trinh theo phuong trinh (5), v6i hé sb 0 1a 8,25.
0,874 gy

1+146,4xs e (5)

Dé danh gia do tin cdy caa mo hinh ham truyén (5), ching tdi thuc hién so séanh chat
luong diéu khién cua hé trén phan mém mé phong Matlab Simulink véi hé thuc té khi ép
dung cing mot bo tham sé diéu khién PID. Trong nghién ctiru nay ching tdi sir dung bo tham
s6 diéu khién dugc chon tir phuong phap truyén thdng Ziegler-Nichols I.

Bat ddu ——| Nhap gia tri
G ;i :td :Psp; Tsp

v v v

Pém so lan dung
Do gid tri Pgyc Bit dién tror dich cham cam
bién mke C,

G(s) =

¥

Do nhiét a5
muwrdc giai nhiét vaol
T1

Sai Diing
Tinh sai so
e=0.1 Bit van nhdp liéu Bat quat
Puing |
A 4
= 2o s = e Y
Thuat toan diéu Thudt toan diéu
khién PID khién ON/OFF 2 .
Tat van nhap liéu
h 4
h 4 h 4
Bién tin diéu
khién bom -

Do gid tri nhiét 4o
day T,

Piing Tat dién tr&
Tat quat
Tat bom

v Sai

Hinh 5. So dé khéi thudt todn diéu khién qud trinh cé ddic gidn doan
Dua theo phuong phap Ziegler-Nichols | (Yucelen et al., 2006; Scherlozer et al., 2016),
Vvéi tin hiéu dau vao 1a ham nic trong duong cho bom hoat dong tao ap suat chan khang toi
da da xac dinh dwoc céc hé s6 Kp, Ki, Kp theo cong thic (6).
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Ko =22XT 244
Kx@
K, =Ko _148
2x0
K, = szxe ~100,65

(6)

o
n

Ap suét chan khéng: atm

0 r=1464

400

K=0.874

600

Thot gian: giay

800

1000 1200 1400

Hinh 6. Su thay déi &p sudt chan khong theo thoi gian ¢é dac tir thuc nghiém

B 8
1>=0.1 ~—|

L}

—o

Gid trj cai dat

B6 diéu khién ON/OF

|7

—
>=0.] —~—~—]

0.874
146.4s5 + 1
F Ham truyén 1

1
8.25s+1

Ham truyén 2

[

e

=

PID(s)~

B0 diéu khién PID

Db thi ddp (g

Hinh 7. Md hinh mé phéng hé kin bang Matlab Simulink
Bo hé s6 Kp, Ki, Kp tir phuong phép Ziegler-Nichols I dugc nap vao PLC va sir dung
dé diéu khién qua trinh c6 dic thuc nghiém trén hé théng co dic chan khdng va song song
V6i d6 cac hé sé nay ciing dugc sir dung dé md phong trén cong cu Matlab Simulink. M6
hinh dung d&& mé phong duoc thé hién trén Hinh 7, tin hiéu ngd vao st dung khéi (Step) la
tin hiéu cai dat gia tri 4p suit. Ham truyén G(s) theo phwong trinh (5) duoc bién déi thanh

phuong trinh gén dung (7).
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0,874 1
G(s) = X (7)
1+146,4xs 1+8,25xs

Ngoai ra trén mé hinh mé phong con sir dung céc khdi cong tic mé phong bo diéu
khién ON/OFF két hop khéi PID Controler va cac khéi ham truyén mé phong cho qua trinh.

Str dung ca hai khdi ham truyén theo phuong trinh (7) dé md phong tinh toan qué trinh
¢d dic theo so do khbi md phong qué trinh ¢ dic nhu trinh bay & Hinh 7, cac hé sé bo diéu
khién duge cai dat cho khdi PID 1a Kp = 24,4; K, =1,48; Kp = 100,65. Két qua thu duoc 13
su thay ddi cua p suat chan khong theo thoi gian nhu thé hién & Hinh 8.
1 . . . .

0.8 T
g |
% 0.6 |—Giatri cai dat| |
-<§ = Ap suit
0 0.4} |
e 1L
]
0.2H -
0 | | | |
0 500 1000 1500 2000 2500

Thot gian; gidy

Hinh 8. P6 th; md td sir thay déi cua &p sudt chan khong theo md phong
1
0,9

0,8 ——

= 0.7 -~/

% 0.6
“E 0.5
.04
03
0,2
0,1
0

0 500 1000 1500 2000 2500

Thoi gian; gidy

—@ia tri cai dat

—Ap sudt

Hinh 9. P6 th; md td sir thay déi cua &p sudt chan khong theo thuc nghiém
Str dung phan mém TIA-Portal dé 1ap trinh cho bo diéu khién PLC S7-300 v4n hanh
véi cling bo hé sb diéu khién thu duogc tir cdng thic (6). Bong thoi, nhém nghién ciu thiét
ké mot phan mém giadm sat va van hanh HMI dé thu thap va luu trit s6 liéu tir thuc nghiém
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trén hé théng co dic chan khdng. Két qua tir thuc nghiém thu duoc 12 sy thay doi cua ap suét
chan khéng theo thoi gian nhu thé hién & Hinh 9.

Tur két qua thu duogc tir Hinh 8 va Hinh 9 x4c dinh cac dai lugng danh gia chét luong
diéu khién cua qua trinh c¢6 dic nhu thoi gian dap ung, do lot vb va sai sb xac 1ap. Két qua
duoc trinh bay trong Bang 1. Do mé hinh todn mé phong bang Simulink di b qua giai doan
s6i nhanh cua dung dich nén gia tri do vot 15 gitta md hinh va thuc té c6 su chénh léch tuong
dbi 16n, tuy nhién 2 dai luong quan trong hon 13 thoi gian xac 1ap va sai s6 x4c 1ap hau nhu
khong c6 su chénh léch dang ké. Tir d6 cho phép két luan mo hinh may tinh dugc xay dung
phan anh sy twong ddng vai hanh vi cua qué trinh thuc té. Nhu vay md hinh ham truyén cho
két qua tin cay.

Bdng 1. Két qua kiém tra mé hinh va thyc nghiém

t M6 phéng Simulink Thuwc nghiém Sai léch
Thoi gian dap ung 1900 gidy 2000 giay 5,26 %
Dot vot 15 4,19 % 2,25 % 46,3 %
Sai so xac lap 0,001 0,006 -
£ Gia tri cai dit
= 06 ' Ziegler-Nichols | I
~<§ 04 F | ) | ——Egi?zlz H
202t ' —ae H
o 02 a) KP=48.8
ok ! I ! KP=73.2 H
L 1 1 1
0 500 1000 1500 2000 2500
08 ———
Eocl _ _ Gia tri cai dgt ||
= 0O Ziegler-Nichols I
2 04 —KI=0,56 H
‘;0? I ——KI=0,84 |
g 02 b KI=3,36
ol ® | _ _ K1=5.04 I
1 ! 1 |
0 500 1000 1500 2000 2500
T T T T
0.8 _
E | Gid tri cai dat ||
3 0.6 Ziegler-Nichols I
“S 04 - - - ——KD=33,55 H
7 ]
02| - | | ——KD=50,325
< /) KD=201,3
0r ' ; ' KD=301,95 i

0 500 1000 1500 2000 2500
Thoi gian; giay
Hinh 10. Sy dnh hirong cAc hé so bg diéu khién Ién qua trinh bang Matlab/Simulink:
(a) Thay doi Kp, (b) Thay doi Ki; (c) Thay doi Kp
Tur két qua thu duoc, nhédm nghién ctu tiép tuc tién hanh hiéu chinh céc thong sb cua
qua trinh diéu khién nham t6i vu chit lugng diéu khién quéa trinh dya trén mé hinh mé phong
sir dung céng cu Matlab Simulink. Chiing t6i tién hanh thi nghiém bang phuong phap luan
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phién ting bién, ting va giam mot hé s6 dong thoi giit nguyén hai hé s6 con lai. Hé sb thay
ddi duoc nhan va chia tir hé s6 tinh duoc theo phwong phéap Ziegler-Nichols I nhu trinh bay
& cong thie (6). So sénh sy thay doi ap suat chan khong theo thoi gian tir nhitng bo hé sb
diéu khién khéc nhau (Hinh 10) cho phép du doan quy luat vé xu huéng bién d6i dé c6 chat
lwong diéu khién téi wu.

1 I I I I I I
0.8 e e
g
= e s
® 0.6 —Gia tri cai dat |-
g = Ap suat
a 04 | =}
g
<
0.2 7
0 | | | | | I |

0 200 400 600 800 1000 1200 1400 1600
Thot gian; giay
Hinh 11. Két qua md phdng diéu khién ap suat chan khong
V6i hé s6 bg diéu khién Kp = 71,5; K; = 4,5; Kp=0

Theo két qua thu dugc & Hinh 10, nhan thay khi gia tri Ke va K| ting dan, dap ung cua
m6 hinh ciing ¢6 xu huéng nhanh hon theo mot quy luat ¢ dinh. Su thay ddi hé sé khuéch
dai vi phan Kp trong tat ca cac khao sat déu khong lam thay dbi dap tng ciia mé hinh, do ap
suat chan khéng 1a mot dai lwong dap ung cham. Nhu vay, xu hudng bién doi cua Kp va K|
duogc xac dinh 1a 16n hon so vai gid tri thu dugc tir phwong phap Ziegler-Nichols 1, trong khi
d6 hé sé Kp khdng anh huong dén qué trinh. Két qua hiéu chinh thu duoc bo gia tri Kp =
71,5; K1 = 4,5; Kp = 0 véi dap tng ap suat chan khong dat chat luong diéu khién tt hon vé
thoi gian xac 1ap khoang1200 gidy va sai sé xac 1ap khoang 0,001 (Hinh 11).

Str dung cac hé sé diéu khién téi vu thu dugc tir md phong may tinh cai dit vao bo
diéu khién PLC dé diéu khién qué trinh thuc nghiém. D6 thi dap tng &p suat chan khong cua
hé thong diéu khién véi gia tri cai dat 0,8 atm cho két qua nhu trén Hinh 12. Chét luong diéu
khién gan nhu trong déng vai két qua thu duoc tir md hinh mé phong vé thoi gian xac 1ap
va sai s6 xac lap. Po vot 15 trong thi nghiém thuc tham chi con tét hon trong két qua md
phong, vai gia tri POT 14 0,625 %. Ngoai ra, két qua caa ba lan thi nghiém ciing cho thiy
qua trinh ¢6 ddc da dugc diéu khién thanh cong vai 100 % duy tri duoc &p suat chan khong
ctia qua trinh véi thoi gian c6 dic 1a 2 gio dé ting ndng do duong tir 20 °Bx Ién 65 °Bx. Sai
s6 giita cac mé thi nghiém la 2,5%.

Trong qué trinh thuc nghiém, ching toi c6 két hop tao mot nhiéu ngau nhién bang cach
ma van lam giam ap suat chan khdng trong hé. Két qua thu dwoc, hé thong da dap wng nhanh
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va 6n dinh lai véi do vot 16 gan bang POT ban dau 1a 0,625% (Hinh 12). Ngoai ra, khi tién
hanh cac thi nghiém tao &p suat chan khéng, qua trinh ludn cd mot diém ting ap suét bat ngo
lam giam &p suét chan khong. Diém nay thé hién su sdi nhanh caa dung dich va qua trinh
ngung tu hoi thir chua dap ung kip. Vi su l3p lai va ddng dang trong tat ca cac thi nghiém,
hién tuong nay gan nhu khéng anh hudng dén viéc diéu khién hé thong.

s N
A Siag

0.7 Tao nhiéu

—Gia tr1 cai dat

— Ap suit

0 500 1000 1500 2000 2500 3000
Thoi gian; gidy
Hinh 12. D6 thi md td sw thay déi cua ap sudt chan khéng theo thoi gian thiec
Véi hé s6 bé diéu khién Kp = 71,5; Ki = 4,5; Kp=0

4. Kétluan

Nghién ciru di xay dung thanh cong hé thdng tu dong hoa qua trinh ¢6 didc gian doan
dung dich duong quy mé pilot. Dya trén sach lugce diéu khién nhiéu vong don doc lap da
thiét 1ap duoc luu do P&ID cua hé théng c6 dic véi 4 vong diéu khién bao gdom muc chét
long nhap liéu ban dau, ap suat chan khdng ndi co dic, nhiét do cua dung dich co dic va
nhiét 6 cua thiét bi ngung tu. Bang phuong phap khao sat thuc nghiém qua trinh c6 dic va
lap ham truyén hé théng theo mé hinh FOPDT d3 xac dinh dwoc ham truyén caa hé théng.
Céc hé s6 Kp, Ki, Kp ciia b diéu khién duoc xac dinh bang phuong phap Ziegler-Nichols |
va mé phong tinh toan bang Matlab Simulink. Két qua cho thiy, ham truyén va céc hé sé bo
diéu khién twong ddng véi qua trinh thuc nghiém. Dong thoi tir md phong da dua ra thyc té
mot bo diéu khién c6 chét lugng tot vai thoi gian dap tng nhanh xap xi 1200 gidy, sai s6 xéac
lap gan bang khong cing do vot 16 0,625%. Nghién ciru ciing da thiét 1ap nén tang phuong
phap xay dung hé théng tu dong hoa cho diéu khién qua trinh ¢6 dic chan khong gian doan
quy mé pilot huéng téi ung dung cho cac dung dich c6 dic da dang trong thuc tién.
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< Tuyén bé vé quyén loi: Cac tac gid xac nhan hoan toan khéng c6 xung dét vé quyén loi.

% Loi cam on: Nghién ctru nay dugrc tai tro béi Trirong Bai hoc Bach khoa, PHQG-HCM trong
khuén khé dé tai ma sé T-KTHH-2020-20. Ching tbi xin cdm on Truong Pai hoc
Béach khoa, PHQG-HCM d4 hé tro thoi gian, phuong tién va co sé vat chét cho nghién ctwu nay.
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ABSTRACT

Fed-batch vacuum evaporation is considered a difficult process for automation. In the present
work, we studied the automation of sugar concentration in a pilot study using a fed-batch vacuum
evaporator. For the development of an automatic controlling system, the four individual-controlling
loops were used to control the liquid-feeding level, the vacuum pressure in the evaporator, the
temperature of the liquid in the heating element, and the temperature of the liquid in the condenser,
respectively. Based on the study using the First order plus dead-time model (FOPDT), a transfer
function of the process was successfully developed. Accordingly, the operational parameters for PID
control, including Kp; K; and Kp to program the controller were determined based on the Ziegler-
that the simulation results reflect similar behavior of the actual process, indicating that the obtained
transfer function is reliable. The computational simulation is utilized to adjust the operational
parameters for an optimization of the controlling quality using the derived transfer function and
obtaining the Kp = 71,5; K, = 4,5 and Kp = 0, with the response time of 1200 s, the percentage of
overshoot (POT) of 0,625%, and the error of nearly zero. The studyhas developed an approach to
determine the operating parameters for automatation of the evaporation process which can be
applied to different types of fruit juices and bio-active products.

Keywords: automation; Matlab/Simulink; process control, vacuum evaporation; Ziegler-
Nichols
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