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ABSTRACT

Multivariable systems are complicated processes due to interactions between
process variables and control variables. This makes it difficult to analyze and design
controllers for the systems. To overcome this problem, there are currently two main
research directions: the first is to adopt advanced control methods such as model
predictive control, or intelligent control; the second is to take advantages of typical
single-variable control techniques, such as the well-known PID controller, which is
very common in the industry today. In this thesis, the author proposes an approach to
controller designs for multivariable processes, which is called decoupling techniques,
to convert them into multi-loop systems and designs PID controllers for those
corresponding control loops. The proposed method is general and applicable to

different multivariable systems.

Currently, there are three kinds of decoupling techniques, including ideal
decoupling, inverted decoupling, and simplified decoupling. The author studies the
advantages and disadvantages of them and then chooses the simplified decoupling as
the main research direction in the thesis. The simplified decoupling with the
advantages of the simplicity of the decoupler matrix, the diagonal elements are set to
units, and the robustness due to model errors is the most appropriate choice for
practical applications. In this dissertation, the author develops a method to design the
simplified decoupling for a general multivariable system (nxn) based on the
relationship of the Dynamic Relative Gain Array (DRGA) of transfer functions in the

system’s transfer function matrix.

In addition, the analytical tuning rules for the parameters of the PID controllers
based on internal model control (IMC) for some standard processes are also proposed.

In particular, there are two prominent points in the suggested method:

- The approximation technique for a delay term adopting the Padé 3/2

approximation to improve correctness and dynamic behavior of a system.



- Applying the filters in series with the controllers in order to enhance the

system responses.

The proposed controller is compared with other well-known controllers such as
BLT and SAT on different multivariable processes to verify the effectiveness in terms
of servomechanism (set-point changes) and regulator (disturbance changes)
problems. Common methods to evaluate the quality of the control system are also
applied such as absolute integral error (IAE), and total variation (TV) of control

signals.

Simulation results show that the proposed method outperforms the existing
methods. Moreover, two corresponding experimental models are also built, including
a coupled-tank (2x2) and a distillation column for separating ethanol and water (3x3).
In order to apply the theoretical results, the controller structures are designed in
Simulink/Matlab in Real Time Window Target mode with support of the dedicated
DAQ card of National Instrument. The results show that the system responses meet
the control criteria in both set-point changes and disturbance changes. Moreover, the

distillation column also has high practical applicability.



TOM TAT

Hé da bién 1a qua trinh phirc tap véi su twong tac 1an nhau gitra cac bién qua trinh,
va cac bién diéu khién. Viéc nay lam qué trinh phan tich va thiét ké bo diéu khién cho
hé da bién tro nén kho khin va phic tap. Bé khac phuc kho khin nay, hién nay c6 hai
huéng nghién cau chinh: mot 1a sir dung cac phuong phap diéu khién hién dai nhu
diéu khién dy bao, hoic diéu khién théng minh; hai 1a tan dung céc ky thuat diéu
khién don bién dién hinh nhu bd diéu khién PID hién dang rat phd bién trong cong
nghiép. Trong nghién ctu ndy, tac gia dé xuat phuong an thiét ké bo diéu khién phan
ly cho cac qua trinh da bién nham tach hé da bién phuc tap thanh cac vong diéu khién
don bién don gian va thiét ké bo diéu khién PID cho cac vong diéu khién tuong tng
d6. Phuong 4an dé xuat mang tinh tong quat va ¢ kha ning (ng dung cho cac hé da

bién khac nhau.

Hién nay, c6 ba k§y thuat phan ly chinh bao gém phan ly Iy tuéng, phan ly nghich
va phén ly don gian hoa. Téc gia tim hiéu vu va nhuoc diém cua cac bo phan ly va tir
do6 chon phan ly don gian héa lam hudéng nghién ciu chinh trong luan an. Phéan ly
don gian hda véi wu diém vé su don gian ciia ma tran phan ly, thanh phan duong chéo
bang don vi, va sy bén viing khi ¢é sai sé mé hinh 1a sy lya chon thich hop nhét cho
cac tng dung thuc té. Trong luan &n ndy, tac gia phat trién phuong phap thiét ké bo
phan ly don gian hda tong quét cho hé da bién bac n dwa trén méi quan hé cua day do
loi twong quan déng (Dynamic Relative Gain Array) cua cac ham truyén trong ma
tran ham truyén caa hé da bién.

Bén canh d6, phuong phap hiéu chinh thong s6 bo diéu khién PID dya trén cau
trdc mé hinh noi (IMC) cho céc hé dién hinh ciing dugc dé& xuat. Phuong phap dé
Xuat dua ra duoc cac cong thirc twong minh tinh toan cac théng sé caa bo diéu khién
PID. Trong d6, c6 hai diém néi bat trong phuong phap dé xuat 1a:

- Xap xi bac cao cho khau tré sir dung cong thirc xap xi Padé 3/2 nham cai thién

d6 chinh xéac va dac tinh dong cua hé théng

Vi



- Ap dung cac bo loc ndi tiép véi bo didu khién twong Gtng cho cac qua trinh

khac nhau nham cai thién kha ning dap tng cua hé théng.

Bo diéu khién dé xuat duoc so sanh véi cac bo diéu khién noi tiéng khac nhu BLT
va SAT trén cac hé da bién khac nhau nham kiém chang kha ning diéu khién khi gia
trj dat thay doi ciing nhu nhifu qua trinh thay ddi. Cac phuong phap phd bién dé danh
gia chat luong cua hé thong diéu khién ciing dugc ap dung nhu sai sé tich phan tuyét
doi (IAE), téng cua sy thay doi (TV) cua tin hiéu diéu khién.

Két qua md phong cho thay phurong phap dé xuat cho két qua vuot troi so Véi céc
phuong phap hién hitu. Hon nita, hai m6 hinh thuc nghiém tuong ing cling dugc xay
dung bao gom hé bon nude (2x2) va thap chung cat hdn hop Ethanol va Nudc (3x3).
Dé c6 thé ap dung dugc cac két qua ly thuyét, thuat toan diéu khién cho hé théng
duoc xay dung trén Matlab véi ché do thoi gian thuc (Real Time Window Target)
v6i bo DAQ chuyén diing caa hing National Instrument. Két qua diéu khién cho thay
dap (g cua cac hé dap ung duogc cac tiéu chi dé ra vé bam sat gia tri dat ciing nhu
kha niang khang nhidu qua trinh. Dac biét thap chung cat Ethanol va Nudc c6 kha

ning ung dung thuc tién cao.

Vil
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CHUONG 1 MO DAU

1.1. Tinh cap thiét va 1y do chon luin 4n

Hién nay, viéc nghién ciru cac hé thong diéu khién da bién dugc quan tam nhiéu tai
Viét Nam do nhu cau cép thiét trong viéc ap dung vao thuc té san xuét tai nhiéu nha
may, xi nghiép trong nudc, dic biét 1a cac nha may, xi nghiép tach, loc, chiét suat dau
khi, nha may nhiét dién. Mic du hién nay tat ca cac cong nghé van hanh déu cia nudc
ngoai nhung nhu cau lam chi cdng nghé, nang cao ning luc dé giam chi phi san xuét
ludn cap thiét.

Hon nira, trén thé gioi, huong tiép can cha yéu dé diéu khién hé da bién 1a céc ky
thuat diéu khién nang cao nhu diéu khién du bao, diéu khién théng minh. Tuy nhién,
bén canh d6 van c6 nhiéu nghién cau cé gang tan dung céc k¥ thuat diéu khién co dién
boi sy don gian va hiéu qua mang lai. é thuc hién duoc viéc d6, can nghién cau phat
trién cac phuong phap phan tach hé da bién thanh nhiéu vong hdi tiép don bién.

Bén canh d6, qué trinh da bién Ia hé phirc tap vai nhiéu sy tuong tac qua lai giia
cac bién qua trinh va bién diéu khién. Su tuong tac nay 1am anh hudng dén su thay doi
cua cac ngd ra con lai khi c6 mot sy thay ddi & mot ngd ra bat ky. Nhiéu phuong phap
khac nhau duoc dé xuat dé khac phuc kho khan nay cua viéc diéu khién hé da bién. Tuy
nhién, ndi bat nhat 1a k§ thuat phan ly véi ba phuong phéap: phén ly 1y tuong, phan ly
nghich va phan ly don gian héa. Ngay nay, diéu khién phan ly ciing dugc sir dung phd
bién trong céc hé théng diéu khién qué trinh cong nghiép, bai vi su don gian cling nhu
mang lai hiéu qua cao trong hoat dong. Piéu d6 dan dén hiéu qua kinh té cao trong lap
dit va van hanh hé théng san xuét.

DU vay, cho dén gan day, van chua c6 phuong phap diéu khién tong quat nao cho
hé da bién dugc céng bd hoac phat trién sir dung ki thuat diéu khién phan ly. Chinh vi
vay, viéc nghién ciru mé rong va phét trién phuong phép thiét ké bo diéu khién phan ly,
trén co s& phuong phap phan tich méi, dé sir dung cho nhiéu qué trinh da bién 1a van dé

tac gia sé€ tap trung nghién ctru trong luan an nay.



Véi nhitng nhu cau va ly do trén, tac gia da lya chon luan an “Nghién ciu thiét ké

bé diéu khién phan ly dung cho cac hé thong da bién” cho luan an tién si nay.
1.2. Muc tiéu nghién ctru

Muyc tiéu chinh cua luan an 1a dé& xuit mot phuong phap méi trong viéc thiét ké bo
diéu khién phan ly cho qué trinh da bién. Luan an s& gép phan nang cao d6 6n dinh, hiéu
qua lam viéc va an toan trong van hanh, cling nhu cac tinh nang hoat dong khac cua cac
qué trinh da bién trong hé thong diéu khién.

Do phuong phép phan ly c6 nhiéu ki thuat khac nhau, nén trong luan an nay tac gia
chi tap trung nghién ciu bo didu khién phan ly don gian héa. Phuong phap dé xuat s&
tim ra duoc ban chat thuc su caa quy luat phan ly céc bién diéu khién bang viéc xac dinh
chinh x&c tir ty 1é cua cac dic tinh vong hd ban dau va céac yéu té dudng chéo cua céc
day d6 loi twong quan dong (Dynamic Relative Gain Arrays). Tir d6, mot cau tric tong
quat, nho gon cho bo diéu khién phan ly don gian hoa s& duoc dé xuat

Ngoai ra, phuong phap don gian héa md hinh cua qué trinh s& dugc dé xuét dong

thoi ¢é mang lai su thuc thi tét nhat cho bo diéu khién.
1.3. Pham vi va gi¢i han nghién ciru

Céc qua trinh da bién trén thuc té rat da dang va phuc tap, trong giéi han caa luan
an, tac gia chi tap trung vao cac hé thdng diéu khién qua trinh, dic biét 1 linh vuc chung
Cét.

DPé dam bao do tin cay cua cac phuong phap dé xuat ciing nhu dé dang so sanh voi
cac phuong phap cta cac tac gia khac, cac mo hinh toan dugc stir dung trong nghién cau
ly thuyét déu st dung cac mé hinh chuan néi tiéng thé gii nhu: Wood and Berry (WB),
Vinate Luyben (VL), Ogunnaike and Ray (OR).

Phuong phap dé xuat c6 thé tng dung tong quét cho hé thong n ngd vao, n ngd ra
(nxn). Tuy nhién, cac két qua md phong ciing nhu cac md hinh thyc nghiém chi gioi
han dén hé 3x3.

Trong mé hinh thuc nghiém cua thap chung cat, tac gia chi nghién ctiu cac théng sb

cdng nghé trong qua trinh tach Ethanol véi Nudgc, vi dy nhu nhiét d6, luu lwong, 4p Suét.



M6 hinh toan cta cac md hinh thuc nghiém duoc tim kiém dua trén phuong phap thuc

nghiém (mé hinh hop den).

1.4. Phwong phap nghién ciru

Nghién cau phan tich céc tai liéu, cac cong trinh di coéng bd trong va ngoai nudc
nham xac dinh muc tiéu va nhiém vu dit ra.

Sir dung phan mém mé phong hién dai va ¢da manh Matlab-Simulink dé thuc hién
md phong, kiém chang céc quy luat diéu khién nham khing dinh céc nghién cau ly
thuyét, so sanh vai cac két qua da cong bd khac.

Nghién ciu su phu thudc cua cac thdng sb cong nghé caa cac qua trinh didu khién
nhu nhiét d¢, ap suat, luu luong, mac. Tir d6 xay dung ham truyén cua hé thong st dung
phuong phap thuc nghiém. Danh gia két qua mo phong Iy thuyét véi s6 liéu thuc té san
Xuat nham muc dich hiéu chinh cac tham sb cho déi twong va dé xuat cac giai phap trong

do ludng va diéu khién hop Iy cho hé théng.
1.5. Y nghia khoa hoc va nhirng déng gop ciia luin an

Vé6i nhiém vy dat ra nhu trén thi luan an s& bd sung thém vao nhom cac phuong
phap cua bo diéu khién phan ly don gian hoa cho céc qua trinh da bién c6 mot phuong
phap méi mang tich tong hop hon, c6 kha ning tng dung dugc cho cac hé thong diéu

khién phuc tap. Pong gop cua luan an duoc xem xét ¢ hai khia canh:

s Tinh mdoi

- Xay dung duoc phuong phap chung 1am nén tang dé diéu khién hé thong
chiéc tach co céc thanh phan bat dinh. Phuong phap nay cua luan an cd kha
nang giai quyét nhiém vy diéu khién hé thong 6n dinh, diéu khién bam 6n
dinh cua hé théng diéu khién ciing nhu kha ning khang nhidu qua trinh.

- Dé xuat phuong phap thiét ké mg rong hé diéu khién phan ly don gian hoa.
Bao gém: quy luat diéu khién hé thong da bién, quy luat diéu chinh hé thong
da bién, phuong phap so sanh va phuong phap dénh gia kha nang thyc thi

cua toan hé thong.



Dé xuat phuong phap thiét ké bo diéu khién P1/PID duya trén cau tric mé hinh
noi (IMC) ding cho c&c qua trinh chuan nhu: hé bac mot 6 tré (FOPTD) va
hé bac hai c6 tré (SOPTD). Bo diéu khién dé xuat dugc ap dung cho cau tric

da vong kin cua hé thdng da bién sau khi phan ly.

% Két qud thuwe tién

Xay dung duoc mé hinh thuc nghiém dé mé phong cho bo diéu khién phan
ly da bién dién hinh vai cac bién diéu khién nhu 1a muc, nhiét do, luu luong.
Ché tao mé hinh thyuc nghiém dé kiém chimg cac phuong phap dé xuat nhu
hé bon nuéc (2x2) va hé thong chung cat hdn hop Ethanol va Nudc (3x3).
Ung dung duoc phuong phap dé xuat dé thiét ké bo diéu khién phan ly don
gian hoa cho qua trinh da bién (2x2 va 3x3).

Xay dung cac chuong trinh trén Matlab dé md phong va diéu khién thoi
gian thuc cac qua trinh da bién (2x2 va 3x3).

Phuong phép dé xuét co thé ap dung cho cac qué trinh da bién trong thyc té

1.6. Bo cuc luin an

Noi dung luan an dugc trinh bay trong 5 chwong véi 9 Bang biéu va 60 Hinh. Céc

cong trinh nghién ctu khoa hoc bao gom cac bai bao hoi nghi va tap chi trong va ngoai

nudc, danh muc cdc céng trinh nghién ctu 6 lién quan, tai liéu tham khao va céc phu

luc ciing duoc liét ké trong luan &n. B4 cuc cu thé caa luan an dugc phan chia nhu sau:

Chuwong 1: Gidi thiéu vé noi dung nghién ctu, pham vi gidi han nghién ctru va dong

thoi tong két lai cac két qua dat dugc vé khoa hoc ciling nhu thuc tién cua luan an.

Chuwong 2: Nghién ciru tong quan vé noi dung nghién ciru. Cac phuong phap thuong

dung dé diéu khién hé da bién, vu va nhuoc diém cua timg phwong phap. Nghién

ctru tong quat cac ki thuat phan ly dung cho hé da bién.

Chuwong 3: Phuong phap dé xuat thiét ké bo diéu khién phan ly don gian hda tong

quéat cho hé da bién bac n. Bé xuat phuong phap thiét ké bo diéu khién PID dua theo

cau tric md hinh noi (IMC) véi ki thuat xap xi Padé 3/2 cho khau tré.



Chuwong 4: Trong chuong nay, cac mé hinh chuan ndi tiéng bao gom céc hé 2x2 va
3x3 duoc st dung dé mo phong va phan tich tinh hiéu qua va chat lwong cua cu
tric diéu khién dé xuat. Mot so tiéu chuan danh gia chat luong phd bién duoc sir
dung.

Chuwong 5: Trinh bay nhitng &ng dung bo diéu khién dé xuat vao céac hé thong that
bao gom hé bdn nude ddi, hé (2 x 2) va thap chung cat Ethanol va Nudc, hé (3 x 3).
Dé cd thé ap dung duoc cac phuong phap thiét ké 1y thuyét, cac md hinh toan cua
hé thdng that ciing dugc nhan dang st dung cdng cu nhan dang ndi tiéng cua Matlab.
Chuong 6: Két luan

Phu luc: Cac tinh toan thiét ké lién quan dén luan an va cac chuong trinh st dung

trong luan an.

Téc gia da dé xuat phuong phap thiét ké va thuc thi bo diéu khién phan ly don gian
hoa bang cach phan ly cac bién diéu khién duoc &p dung trén cac hé thdng that bao gom:
hé bon nudc va hé thdng thap chung cat ty ché tao. Pap (ng cta hé thdng ciing nhu chat
lwong san pham dat yéu cau dé ra. Piéu d6 minh ching rd rang rang bo diéu khién dé

Xuat hoan toan cé kha ning ap dung vao thuc tién.



CHUONG 2 TONG QUAN VE VAN PE NGHIEN CUU

Hé thong diéu khién phan ly da bién duoc dé xuat trén co so thuat toan phan ly nham
muc dich tach hé diéu khién da bién thanh hé don bién da vong va ap dung cac ky thuat
diéu khién ndi tiéng cho hé don bién. Biéu ndy mang lai sy don gian trong viéc thiét ké,
ché tao lap dat va van hanh hé théng diéu khién da bién vén di rat phuc tap do cac tac
d6ng 1an nhau cia cac bién qua trinh, ciing nhu cac tuong tac da vong kin (mét ngd ra
thay doi s& anh huong céc ngd ra con lai cua hé thdng). Do d6, phuong phap phan ly thu

hdt rat nhiéu nha nghién ctru dac biét trong linh vuce chung cat, chiét tach.
2.1. Tong quan vé tinh hinh nghién ctru cic ky thuat phén ly

Hau hét cac hé thong diéu khién qua trinh ngay nay 1a cac qua trinh da bién co sy
két ndi phirc tap gitta cac twong tac cua céc tin hiéu do luong, tin hiéu diéu khién va
cling nhu tin hiéu ra cua hé théng. Khi cac vong diéu khién tuong tic véi nhau, mdi
vong lap khdng thé duoc diéu chinh doc lap, c6 nghia 1a diéu chinh bo diéu khién cua
mot vong l3p s& anh hudng dang ké dén hiéu qua caa cac vong khéac va cé thé gay bat
6n cho toan bo hé thong diéu khién. Piéu khién phan cap hoic tap trung, thuong duoc
sir dung dé giai quyét nhirng twong tac bt loi xuat hién bén trong hé théng. Bé diéu
khién qua trinh da bién vai su tuong tac thap, bo diéu khién da vong lap thuong duoc
str dung Vi cdu tric don gian, tinh hiéu qua va hiéu suat thich hop. Tuy nhién, cac bo
diéu khién nay thuong hoat dong kém khi sy twong tac dang ké [1-5]. Trong nhiing
truong hop nhu vay, phuong phap diéu khién tap trung da bién sir dung bo diéu khién
PI/PID duoc khuyén nén st dung. Phuong phap diéu khién tap trung c6 thé duoc phan
loai thanh hai phuong phap:

The nhdt: Chién lugc tap trung thuan tdy (pure centralized) [6, 7] Wang va cac cong
su dé xuat phuong phép thiét ké cho hé da bién tong quat vai muc tiéu dap ang nhanh
V6i d6 vot 16 chap nhan duoc. Bo diéu khién duoc thiét ké & mién tan s véi giai thuat
dé quy binh phuong cuc tiéu (recursive least squares) nham don gian hda ma tran ham

truyén (transfer matrix).



Thit hai: Mang ludi phan ly két hop voi bo diéu khién da vong [8-16]. Do thiét ké
don gian, d& thuc thi nén mang ludi phan ly véi bo diéu khién da vong lap PI/PID da
dugc quan tim dang ké trong ca nghién cau han 1am va ang dung cong nghiép.

Nhiéu b diéu khién phan ly da dugc phét trién va kham pha. Tuy nhién, hau hét chi
tap trung vao hé théng 2 bién [7, 10, 11, 13]. Trong khi d6, nhiéu qua trinh da bién trong
ly thuyét diéu khién va trong cong nghiép thong thuong ¢6 nhiéu hon hai yéu t6 dau vao
va dau ra.

Céc phuong phap diéu khién phan ly phé bién bao gom: phirong phdp diéu khién
phan Iy Iy twong, phwong phdp diéu khién phan ly don gian héa, va phwong phdp diéu
khién phan Iy nghjch. Viéc lya chon phuong phap nao tly thudc phan 16n vao vu va
nhugce diém cua ting phuong phap [13]. Phuong phap diéu khién phan ly 1y tuong sé
gitip cho viéc thiét ké bo diéu khién thuan tién do hé thong thu dugc sau khi phan ly s&
la ma tran duong chéo ma cac thanh phan duong chéo chinh 12 ham truyén cua cac qué
trinh. Tuy nhién, phuong phap nay hiém khi dwoc sir dung trong thuc té do ma tran phan
ly phtic tap, d& bi anh huong bai sai s6 mo hinh caa hé thong. Phuong phap diéu khién
phan ly nghich ciing hiém khi duoc thyc hién do ciu hinh phan ly twong déi phic tap
va nhay véi sai s6 md hinh cua hé thong. Phuong phéap diéu khién phan ly don gian hoa
dugc sir dung rong rai nhat trong thyc té cong nghiép vi sy don gian va hiéu qua do cu
trdc phan ly don gian (cac thanh phan dudng chéo cua ma tran phan ly bang mot)

Mot s6 tac gia da so sanh ba phuong phap nay nhu: Gagnon [13], Garrido [14, 15]
da so sanh phuong phap phan ly Iy tudng va phuong phap phan ly don gian hoa su dung
phuong phap mé phong thap chung cat. Ho cung dua ra két luan phuong phap don gian
hoa thi thiét thuc hon phuong phap phan ly 1y tuong. Ngoai ra, trong cong bd con két
luan rang phan ly Iy twong rat nhay di véi nhirng sai s6 cua mé hinh.

Dé danh gia d6 6n dinh cua hé théng, Morari di dé xuat mot phuwong phap phan tich
co ban chung cho nhitng gia tri nhé [17]. Pé minh hoa cho phuong phap nay, Ong va
cac cong su da nghién ciru nhiéu hé théng diéu khién phan ly cho thap chung cat. O day
ho ciing so sanh hai phuong phép d6 1a phan ly 1y tuéng va phan ly don gian hoa bang

céch str dung cung maot tham sb diéu khién va phan ly [18, 19]. Sau khi thuc hién phan



tich truc tiép va so sanh vai két qua da co, ho da co cing mot két luan rang phan ly ly
tudng c6 do on dinh thap hon phan ly don gian hoa. i véi tac gia Shinskey [20], Ong
miéu ta chi tiét vé ca hai phuong phap phan ly don gian hoa va phan ly nghich, dong
thoi Ong ciing giai quyét cac van dé bao gém viéc tim ra bo diéu khién gia tri ngd ra
dung yéu cau va cho phép chuyén d6i linh hoat giita ché do diéu khién bang tay va tu

dong, tir d6 ta co thé s& dé dang hon trong viéc tinh toan céc bo phan ly.

2.2. Phén tich va so sanh cic phwong phap thiét ké b diéu khién PI/PID da bién
dung cho hé thong phan ly

2.2.1. Gi6i thi¢u

Nhu di dé cap, viéc str dung k¥ thuat phan ly nhiam bién hé da bién thanh céc hé don
bién da vong va sir dung cac phuong phép diéu khién da biét cho hé don bién. Bo diéu
khién pho bién nhat trong céc tng dung cong nghiép 1a bo diéu khién PID véi cac
phuong phap hiéu chinh di va dang tiép tuc dugc phat trién [21-26]. Trong phan nay tac
gia & tong quan cac phuong phép thiét ké bo PID néi tiéng va duoc dung nhiéu trong
rng dung cdng nghiép, dac biét 1a linh vuc chung cat.

Thir nhat, Ziegler-Nichols 1a mot trong nhitng phuong phéap ndi tiéng va 1a phuong
phap don gian dé xac dinh céc thong sé diéu khién theo ba khau ty 1¢, tich phan va dao
ham cua bo diéu khién PID [27]. Phuong phap tinh todn cu thé bang phan tich dai s6 va
dic biét &p dung cho hé théng diéu khién don bién (SISO). Tuy nhién, phuong phap nay
cling dugc mé rong cho céc hé théng diéu khién da bién (MIMO), phuong phap diéu
chinh bién d6 16n nhat (biggest log modulus tuning — BLT) lan dau tién duoc gigi thiéu
trong mot bai bao boi Luyben va déng nghiép [28]. Phuwong phap nay sir dung dé thiét
ké bo diéu khién PI cho hé co thoi gian tré 16n va ciing duoc xem nhu 1a mét trong
nhitng cong thic hiéu chinh bién thé theo phuong phap Ziegler Nichols.

Thir hai, phuwong phap Ro-le hoi tiép (relay feedback) la mot trong nhimg phuong
phap phd bién duogc sir dung dé diéu chinh vong lap. Astrom va Hanglund [11, 29, 30]
d3 thiét 1ap céc gia tri gan dung cac théng sé bo diéu khién str dung d6 loi gisi han va

dap (ng tan s6. Shen Yu [31] ciing di gidi thiéu phuong phap thong tin hoi tiép tuan ty



dé xac dinh vi tri cac diém t6i vu cho hé théng MIMO. Ho [32] va cac cong su da dé
Xuat qué trinh phan tich diéu chinh cho bo diéu khién da vong PID bang cach xac dinh
d6 loi bién pha cua céc tan sé Gershgorin.

Dinh cong huéng M, trong hé don bién dugc dinh nghia 1a bién do cuc dai cua dap
rng tan s6 vong kin. Thong sé6 M, duoc chap nhan nhu 1a mét chi sb dé danh gia ca dap
g cling nhu su 6n dinh bén vitng caa hé thdng. Gia tri thuc nghiém caa M, cho hé don
bién nam trong khoang (1.1+1.4) [33, 35]. Dwa trén co s& ndy phuong phap diéu chinh
Mp duoc ma rong sang ap dung cho hé da bién va trg thanh cong cu lgi thé cho viéc thiét
ké bo diéu khién da vong PID cho hé da bién [8, 34, 43]. D& xuit tiéu chuan M, dua trén
bo diéu khién da vong PID nham dat dugc mong muén dap @ng trong vong lap kin. Pac
biét 1 twong tac gitra cac vong lip anh huong boi diéu kién gigi han chéo vai két qua
thu duoc phai ¢6 loi. Mot nguyén tic ¢6 ngudn gdc tir cac dap wng tan s6 vong kin duoc
tap hop bang cac hang sb thoi gian s& tuong (ng véi thoi gian xu Iy cac vong kin lién

tuc theo c4c phan cip cua hé thdng.
2.2.2. Phwong phap Ziegler-Nichols (Z - N)

Daiy 1a phuong phép rat ndi tiéng dugc sir dung dé xac dinh céc thong s6 cua bo diéu
khién PID.

C6 hai phuong phap: phuong phap thir nhat duoc goi 1a phwong phdp chu ky lién
tuc (continuous cycling method) dugc dé xuét dau tién nam 1942. Vi md hinh c6 thém
thoi gian tré 1an dau tién dugc dé xuat, cac thong s6 PID c6 thé thu duoc tir cac phuong

trinh sau:

K, = 0.6K, 7, = 0.5T, T, = 0.125T, (2.1)

Trong d06, K, 1a do 1gi to1 han (critical gain) va T, 1a chu ky dao dong tuong ing
vo1 do loi té1 han.

Phuong phap thtr hai, dugc goi 1a phuwong phap duwong cong dap vng cua qua trinh
(process reaction curve method) duoc dé xuét trong nim 1943. Minh hoa phuwong phap

nay duoc thé hién trong hinh 2.1



0.63K| -

6 E'-l-LI
Time [s]

Hinh 2.1 Buong cong dap (ng cua qud trinh

Trong d6, 8 1a thoi gian tré cua hé théng; 7,14 thoi gian dap ang; K 1a d6 loi caua hé
théng
Cin clr vao phuong phap nay, thong sé bo diéu khién PID c6 thé duoc tinh tir cac

phuong trinh sau:

127

K. %o T, = 26; p = 0.50 (2.2)

Dbi véi hé da bién, bai toan hiéu chinh thong sb tré nén phuc tap hon rat nhiéu vi
su tuong tac giita cac vong diéu khién. Phuong phap Z-N thudn tiy chi phu hop véi hé
don bién va vi thé trong trudng hop nay kho c6 thé duge ap dung. McAvoy [36] da dé
xuat phuong phap thiét ké bo didu khién da vong dua theo quy ludt hiéu chinh cua Z-N
va di cai thién duogc dap tng cho hé da bién. Vi dy, ta xét thap chung cat tach Methanol
va Nudc Wood va Berry (WB) da duoc nghién cau bai Luyben la hé 2 ngd vao, 2 ngd

ra. Md hinh toan cua thap duoc cdng bé trong tai liéu [37] c6 dang nhu sau:
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—18.9¢73¢

21s +1
—19.4e73¢

144s +1

12.8e7°

16.7s + 1
6.6e~7S

109s +1

G(s) = (2.3)

Bo diéu khién Z — N hdi tiép don va bo diéu khién PID da vong duoc thiét ké baoi
McAvoy c6 dang lan luot nhu sau:

1
Cz_n(s) = diag [0.945 (1 + _)

), —0.196(1 + —)]

9.00

CMcAvoy(S) = diag [0-647(

1
14—

10. 25)

(2.4)

_0.134(1 + W)]

Két qua mo phong dép tmg ctia 2 phuong phap duoc thé hién & hinh 2.2
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Hinh 2.2 Buéc dap (ing cho thap WB bang phuong phap Z-N va McAvoy
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Hinh 2.2 cho thay bo diéu khién Z-N thuan tay khong c6 kha ning hiéu chinh cho
hé da bién. Mic du phuong phap dé xuat cia McAvoy da cai thién déang ké dap tng cua
hé hai ngd ra, tuy nhién do anh hudng twong tac cta cic bién nén dap tng ciia hé khong

that su 6n dinh trong khoang thoi gian khao sat.
2.2.3. Phuong phap diéu chinh BLT (BLT)

Phuong phép hiéu chinh BLT do Luyben dé xuét [28] nham thiét ké cac vong diéu
khién don bién cho hé da bién. Xét hé da bién nhu hinh 2.3, ta thiy bo diéu khién 1a ma

tran duong chéo ma céc thanh phan caa né sé dugc thiét ké theo phuong phap BLT.

Bo diéu khién Qué trinh
Gop 0 . . .0 G, G - - G,
Pau vao Gy - - - 0 G G . . . 0 DPéura
— S >
R ' ' ' U ' ) ' Y
0 0 Gm G.=zl G.=z 2 Gs:z

Hinh 2.3 So d6 khdi hé thong diéu khién da bién

Trong do,
[G11(s)  Gi2(s) - - . G1p(S)T
Go1(s)  Gaa(s) . . . Gap(s)
G(s) = ' R ' (2.5)
—Gnll(s) an (S) -. Gnn.(s) -

G(s) 1a ma tran ham truyén vong ho ctia hé thong

Ham truyén mdi thanh phan ciia ma tran G (s) ¢6 dang tong quat sau:

12



Kij(ty; + e Pus

() (T2i + D (T35 + D (1455 + 1)
Khi d6 ta c6 quan hé vong h¢ cua hé:
Y(s) = G(s)U(s) (2.7)

Trong d6, Y (n x 1) 1a vec-to ngd ra cuia hé; U(n x 1) 1a Vec-to cua tin hiéu diéu khién.

Bo diéu khién phan hoi G.(s) 1a ma tran duong chéo, tuong duong véi viéc sir dung n
bo diéu khién SISO.

G (s) O 0. . . 0
0 Gey(s) .0
G.(s)=| ° Cess) ° (2.8)
0 0 0 . . Gu(s)]
Trong d6
G.(s) = K (1+ 1) 2.9
ci(s) — i TIiS ( . )

Véi K,; va t;; 1an luot 12 hé sé ti 1é va tich phan caa vong diéu khién thiri, i = 1,...,n
Quy trinh hiéu chinh theo phuong phap BLT bao gém cac budc sau:

- Bwéc 1: Tinh toan cac thong sb diéu khién theo phuong phap Ziegler-Nichols
cho vong lap don. Do loi va tan sé téi han (K,,; va w,,;) cia mi ham truyén G;(s)
duoc tinh theo cach co dién cho hé SISO.

- Bwdéc 2: Hé s6 ti 16 va hé s6 tich phan caa bo diéu khién tht i duogc tinh dua vao
d6 loi va tan s t6i han trong ung theo céc cong thirc sau:

Kui

K. =
¢ 22F

(2.10)

13



_ 2" 211
TII, - 1.20)1” ( . )

Trong d6, F 1a hé sb hiéu chinh c0 gia tri trong khoang [2 + 5] va F 16n thi hé
thdng s& on dinh hon nhung s& c6 dap tmg cham hon ca trong truong hop gié tri
dat va nhiéu thay ddi. Do d6, viéc lua chon gia tri hop ly cua F tuy thude vao su
thda hiép gitra su 6n dinh cua hé théng va mong mudn dap Gmg ngd ra. Luyben
dd dé xuat phuong phap chil yéu dua vao thuc nghiém dé tdi wu lwa chon gid tri
cua F [28]

- Bwéc 3: Cac tham sb diéu khién dugc diéu chinh dé tdi da bién do trong vong lip

kin bang +2n (dB).

Luu d6 giai thuat cu thé cua phuwong phap BLT dugc thé hién ¢ hinh 2.4
Do loi va thoi gian lap lai phai duoc xac dinh dé cho toan hé thong 6n dinh va lam cho
dap Gmg 6 thé chap nhan duoc khi gia tri dit va nhidu qué trinh thay doi.
Sb luwong cac thanh phan cua diém (-1, 0) thuc hién bing cach thay dbi W (iw) khi
w tir 0 dén vo cung caa vé phai phuong trinh dic tinh vong lap kin. Bo diéu khién hoi
tiép duoc thiét ké sao cho dat duwoc mot dinh diém cong huong tdi da trong vong lap kin
(theo @6 16n bién d6 logarit (dB))

L| (2.12)
W+ 1

Lcm - 2010g10

Diém cuc dai cua L, trén toan bo dai tan sé dat duoc khi diéu chinh gia trj cua hé
s6 F dé t6i da bién do caa vong lap kin L%, Viéc hiéu chinh dung lai khi L™%* bang
2n (dB), trong d6 n 12 bac cta hé théng. Pdi véi n = 1, trong trudng hop SISO, ching
ta co dugc +2 (dB) 1a gid tri ti da cho bién d6 cua vong lap kin. Ddi véi hé thong 2 x 2,
gia tri cuc dai dugc str dung la +4 (dB) va véi hé 3 x 3 gia tri cuc dai twong Gng 1a +6
(dB).

14



< Khéi dong >

A

Tién trini

A

D0 g1 to1 wu Ky va d0 loi tan sO my;

A

Hé sd tinh chinh F J

v

K. 27

— ul

L > 2N, giam F K 22F ' " 12, -

A

A

W (i) =~1+Det[ 1 +G(s)G (io)]

Lo > 2N, taing F

w
1 L™ =20log,, |——
cm glO W +1‘
A
L™ = 20N

(__ome )

Hinh 2.4 Luu d6 giai thut cho phuong phap hiéu chinh BLT

15



Nhin chung, phuong phép hiéu chinh BLT str dung mot bién hiéu chinh, F dé tinh
chinh dap Uing cua hé dya trén su thda hi€p cua 2 ti€u chi: Sy on dinh cua hé va dat duoc
dap tng t6t hon (so véi phuong phap Z-N co dién). Tuy nhién, phuong phap hiéu chinh
BLT kha phirc tap va dap tng cua hé khi nhidu thay ddi khong that sy tot. Phuong phap
hiéu chinh tudn tu (sequential auto tuning, phuong phap SAT) duoc dé xuit nham cai

thién cac nhugc diém cua phuong phap BLT [38].

2.2.4 Phuwong phap SAT

Phuong phap SAT gitip qua trinh thiét ké bo diéu khién dé dang hon cho hé da bién,
thich hop nhat cho hé (2 x 2). Pén thoi diém dé xuat phuong phap SAT hoat dong hiéu
qua va cho két qua diéu khién chinh x4c hon cac phuong phap khac cung thoi diém. Tuy
nhién ddi voi hé c6 thoi gian tré 16n hodc c6 tinh phi tuyén cao, dap Gng ctia phuong

phap nay bi vot 16 vao dao dong 16n.
2.2.4.1. Vong lap kin véi ché dp do tw dpng lién tuc

Qua trinh diéu chinh ctia hé¢ MIMO (2 x 2) chuyén tiép tuan tu nhu hinh 2.5 duéi

day:
Thiét lap % ] — U, ¥1
yit €1 — o + f

Hoi tiép

021

(a)

012 —{—

Uz + yZ

16



Thiét 1ap u
- o= @ )
+ e, +
Y2 — + Y2
Hoi tiép
012
(b)
021 —\—
Thiét lap Us .
Y1 Vi
Thiét 1ap
- — us g R
Y1 . + Y1
Hoi tiép
021
(c)
J12 —J—
Thiét 1ap U . +
B6 diéu khién 022 >® >
Y2 Vs

Hinh 2.5 Thu thuét diéu chinh tuan tu cho cac hé (2 x 2)

Quy trinh hiéu chinh dugc mo ta thong qua cac budc sau day:

Buéc 1: Pau tién kiém tra thong tin phan hoi giita y1 va ur trong khi vong lap 2 &

ché do bang tay (hinh 2.5a). Cin clr vao budc ndy, ching ta cai dit bo dicu khién PI/PID

theo phuong phap Z — N bang thong sé do loi va tan sd téi han.
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Buée 2: Céc thong sb diéu khién co thé dugc thiét ké cho vong lip 2 bang cach sir
dung céc thir nghiém hdi tiép giira y2 va uz trong khi vong 1ap 1 chuyén sang ché do tu
dong (hinh 2.5b).

Buéc 3: Hoi tiép thuc nghiém duge dat gitta y1 va up (hinh 2.5¢). Trong khi diéu
khién trén vong lap 2 dugc dua vao ty dong; do do, mot bo thong s6 diéu khién mai
dugc xac dinh cho bo diéu khién trong vong lap 1.

Burée 4: Quy trinh nay lap di lip lai cho dén khi céc thdng sé diéu khién hoi tu. Néu
vong lap 2 dugc déng lai, qua trinh hiéu chinh vong 1 ¢6 ham truyén téng hop nhu sau:

912(5)921(5)922(5) g2 (S)
922(S)[1 + g22(5) g2 ()]

911(5) — (2.13)

Trong d6 g.,(s) 14 bo diéu khién da hiéu chinh cho vong 2. Tai tan s tdi han cta
vong 1, thanh phan thir 2 cta phuong trinh trén (2.13) khong dang ké va vi thé tan sd t6i

han ctia ham truyén tong hop gan nhu khéng d6i (xap xi bang tan sé cua vong 1).
2.2.4.2 Thiét ldp trong sé
Str dung gia tri dat co trong sé nham cai thién dap tng khi gia tri dat thay doi dot
ngot. Khi d6, b diéu khién Pl s& duoc bidu dién boi phuong trinh sau:

u(®) = K[(Br(®) — y(©) + Ti [ @ - y©)a (2.14)

Trong d6, A 1a trong s6 va c6 gia tri trong khoang [0, 1].
Véi hé da bién n x n, ham truyén vong lip kin khi str dung trong sé cho gia tri dat

duogc tinh theo phuong trinh sau:
G (s) = {1+ G(s) G(5)} ' G(S)K (){B + Ki(s)} (2.15)
Trong do:

Gc(s) = Kc{ I+ KI(S)}

18



KC = diag(KCl, KCZ""'KCTL)

K — di ( 1 1 1 )
/() = diag (T, =

B = diag(By, Bz -, Bn)

2.2.4.3 Nhitng wu diém va nhwoc diém ciia phwong phdp SAT

STT

Uu diém

Khuyét diém

1

Phuong phap 1am cho vén dé don
gian.

Khong can thiét dé tat ca cac
bd diéu khién nhan ham truyén
riéng 1¢ cho muc dich diéu chinh.

2 Xac dinh xu ly thong tin xung Cac vong lap duoc thiét ké
quanh céc tdn sd quan trong, tan s6 trudc d6 thuong nhanh hon so
t6i wu 1a tan sb tai goc pha la - . v&i cac vong 1ap sau.

3 Pay 1a mot kiém nghiém vong Déi v6i thoi gian chét cao va
lap kin dé qua trinh s& khong di qua = qué trinh phi tuyén tinh, doi khi
tr diém lam viéc theo ly thuyét. nd ¢c6 duoc vot 16 cao sy xéo

tron.

4 Véi qua trinh cac héng s6 thoi Doi khi ¢6 hiéu suét, do bén
gian dai 1a phuong phép tiét kiém = viing kém.
thoi gian nhiéu hon budc thong
thuong hoic kiém nghiém xung.

Thoi gian thuc nghiém gan tuong

duong tir 2 dén 4 1an so véi giai doan

cudi cung.
5 Hoat dong mot cach hi¢u qua. Céc gia tri IAE 16n dang Ké.
6 b6 1a phuong phap chinh xac

hon cac phuong phap khac.
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2.2.5 Khio sat cic mé hinh chuin va cac phwong phap diéu khién
2.2.5.1 Thap Wood va Berry (WB)

Ma tran ham truyén cua thap WB nhu phuong trinh (2.3) Str dung 2 phwong phap
BLT va SAT ta dugc cac thong sb ctia bo diéu khién theo bang sau:
Bang 2.1 Thong sé diéu khién cua thap WB theo 2 phuong phap BLT va SAT

BLT SAT
\Vong K. T F K. T, B
1 0.375 8.29 0.868 3.246 0
2.55
2 -0.075 23.6 -0.0868 10.4 0

Dua vao bang 2.1 ta c6 ham truyén cua bo diéu khién twong Gng theo 2 phuong
phap trén:

] 1
G(s) = diag [0.375 (1 + W) —0.075(1 + m)]c i

(2.16)

1
—0.0868(1 + ——)

G(s) = diag [0 868 (1 T 32465 ) 10.4s ]C sar

Hinh 2.6 1a két qua mo6 phong dap ting ngd ra ctia thap WB sir dung 2 bo diéu khién
trén, phuong trinh (2.16) Dya vao do thi ta thay phuong phap BLT cho dap tmg khi gia
tri dat thay dbi tét hon, do vot 16 nhé hon nhiéu so vai phuong phap SAT. Tuy nhién
khi c6 nhidu tac dong, trong trudng hop ndy ta c6 thé xem nhiéu 1a sy thay doi gia tri
dit ciia vong 2 tac dong vao vong 1, phuong phap SAT lam hé mau chéong tién vé trang

thai 6n dinh hon.
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Hinh 2.6 Dap tmg budc cho thap WB bang phwong phap SAT va BLT

21

120



2.2.5.2 Thap Wardle and Wood (WW)

Ma tran ham truyén cua thap WW c6 dang nhu sau [28]:

0.126e7°¢ —0.101e712s
60s +1 48s + 1)(45s + 1
G(s) = 1 @8st Dss +1) (217)
0.094e —0.12¢
[ 38s+1 35s+1

Bang viéc sir dung phuong phap BLT va SAT, ta dat duoc thong s bo diéu khién
cho thap WW theo bang sau:
Bang 2.2 Thong s6 diéu khién cho thap WW sir dung phuong phap BLT va SAT

BLT SAT
Vf)ng KC T F KC T B
1 27.4 41.4 48.1 18.99 0
2.15
2 -13.3 52.9 -25.4 26.3 0

Tir bang 2.2 trén ta c6 ma tran ham truyén céac bo diéu khién theo phuong trinh sau:

) 1
Ge pur(s) = diag [27.4 (1 + M) ~133(1+ )] (2.18)
=di ) — _ 2.19
G, sar(s) = diag [48 1 (1 + 1899 ) 25.4(1 + e 3s )] (2.19)

Hinh 2.7 minh hoa cac dap g budc khi gia tri dat thay doi tudn tu ¢ thoi diém bat
dau (vong 1) va tai thoi diém 400 phut (vong 2). Twong tu nhu truong hop cta thap WB,
dap tng ctia phuong phap SAT cho két qua t6t hon (it vot 16 va dao dong) khi gia trj dat

thay d6i va chdm xac 1ap hon khi c6 nhiéu tac dong.
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Hinh 2.7 Bap tng budc cho thap WW bang phuong phap SAT va BLT
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2.2.5.3 Phwong phdp thiét ké by diéu khién PI da bién Truong va Lee

Phuong phap nay dugc gidi thiéu dua trén co s twong tac vong kin va chi sé Relative
Gain Array (RGA) [4, 39]

Y1
Gcl (S) > >
"2 Y2
+ GCZ (S) > >

B G(s)
™ Yn
? Gen(s) > > >

i G.(s)

Hinh 2.8 Hé thong diéu khién da vong 13p cho hé da bién

Xét cac hé thong diéu khién hoi tiép da bién, trong d6 G (s)la mot qua trinh da bién
nxn va bo diéu khién da bién G.(s) thé hién & Hinh 2.8 Ma tran ham truyén d6 nhay va
ma tran ham truyén vong kin caa hé théng duoc Ky hiéu lan luot 1a S(s)va H(s)va dugc

xac dinh nhu sau:
S(s) = [1+6()G.()] (2.20)

H(s) = I —S(s) = [I + 6()G.(5)] 6(5)Gc(s) (2.21)
Str dung khai trién theo chudi Maclaurin ap dung cho ma tran tuyén tinh va lién

tuc, ta c6 khai trién ciia ma tran G(s) nhu phuong trinh sau:

G(s) =Gy + Gys+ Gys? + 0(s?) (2.22)
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Ngoai ra, bo diéu khién da bién G.(s) ciing c6 thé dugc khai trién theo chudi

Maclaurin nhu sau:
- 1,- - _
G.(s) = < [Goo + Giys + Gps? + 0(s%)] (2.23)

Trong d6 cdc ma trén thanh phan G, G, G ,tuong Gng véi khau tich phan, khau
ty 1¢, va khau dao ham cua bo diéu khién PID da bién mot cach tuwong Gng.

Ta biét rang, bo diéu khién PI da bién tiéu chuan c6 dang nhu sau:
~ 1. -
Ge(s) =+ [K; + K.s] (2.24)

Thay phuong trinh (2.22) va (2.23) vao phuong trinh (2.21), ta nhan dugc khai
trién Maclaurin trong mién “s” cho ma tran H(s):
H(s) = I — (6GoGro) s + (GoGeo) (I + G1Goo + GoGry)(GoGro) 52 + O(s%)
(2.25)
Theo Lee [14], dap ing dau ra mong mudn caa mot vong kin thir i, R; dugc thiét
lap nhu sau:

Giiv(S)

R; = A+ Gii+ (S)f (2.26)

Trong do,
- f 12 b6 loc bac thap véi gia tri do loi bang 1 va c6 dang nhu phuong trinh sau:

1

f= s+ 17 (2.27)

Ghi chil A, 13 hang s6 thoi gian dap ing mong mudn cta vong kin. Lily thira r dugc
chon 1a mdt sb nguyén sao cho bd diéu khién thiét ké thé hién ding ban chat vat li cua
cac hé théng thuc (hé nhan qua). Khi ting gia trj cho r, hé thong diéu khién s& ning cao
dugc tinh 6n dinh, tuy nhién dap Gmg dau ra cta hé thong s& khong duoc tét. Do viy,
trong phuong phap dé xuit r duoc chon bang 1 dé nang cao dap tng dau ra ciia hé thong
da bién.

- G4 (s)la thanh phan khdng kha nghich cua phan ti tht i coa G;;
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—7;s + 1) (T,%sz — 21,0, + 1) o bis (2.28)

G:: = i
u+(s) HLk < TS +1 T,%SZ + ZchkS +1

Trong d6, 0;; 1a hang s thoi gian tré tai vong lap tha i va hang sé thoi gian
ctia qua trinh duoc biéu dién boi 7

Dép wng vong kin mong mudn cua cac phan tir duong chéo duoc tinh bang:

R(s) = diag[Ry,R;, ..., R,] (2.29)
M& rong R(s) sir dung khai trién Maclaurin, ta nhan duoc:

R(s) =R, + R;s + R,s% + 0(s?) (2.30)

Pong nhat phuong trinh (2.21) va phuong trinh (2.26), ta dugc cac phwong trinh

Sau.
R, =1 (2.31)
R, = —diag[(GoGeo)™] (2.32)
R, = diag |(GoGeo) (I + 61Geo + Goler)(GoGeo) | (2.33)

Tir phuong trinh (2.23) ta d4 c6 nhan xét ma tran G, twong dwong véi thanh phan
tich phan ctia bo diéu khién PID. Do d6, két hop voi phuong trinh (2.32), ta rat ra phuong
trinh tinh hé s6 tich phéan tuong ung:

K, = G,o = —diag(G3*R7?) (2.34)

Trong hau hét cac hé théng diéu khién qué trinh, dai tan s hoat dong cua hé luén
nam ¢ mién tan sé thap. Do d6, ma tran ham truyén dat vong kin, phuong trinh (2.21),
c6 thé duoc xap xi nhu sau:

H(s) = [+ 6(5)G.(5)] ' G()G.(s) ~ G(5)G.(5) (2.35)

Diéu nay cho thay thanh phan ty 1¢ ctia b diéu khién co thé duoc xac dinh phy
thudc cha yéu vao cac phan tir dudng chéo chinh (diagonal) va loai bo céac yéu té ngoai

duong chéo (off-diagonal) cua qua trinh da bién:
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K. =G, =[Gy (R{'R, — R, + G,G V)R] (2.36)

Dé6i voi qua trinh da bién véi cac ham truyén thanh phan c6 dang hé bac 1 c6 tré
(md hinh FOPDT tiéu chudn), qui luat diéu khién dé xac dinh khau tich phan c6 thé

duoc xac dinh boi cac budce sau:

Bl = [R9)],_,], = =G + 60 (2:37)
< _[1s. (A +0i) @A+ 6;)  Aiby
[Roli = [5R'G) ] = - - (2.38)

Thay thé phuong trinh (2.37) vao phuong trinh (2.34) va sap xép lai, ta nhan duoc
phuong trinh tinh hé s tich phan tht i cua bo diéu khién PID da bién:

Aii

Kj=—> "
K (05 + )

(2.39)

Trong d6 K;; 1a do loi cua thanh phan duong chéo thir i cua ma tran ham truyén dat
clia qué trinh da bién.
Ngoai ra, cac phan tir dudng chéo ciia ma tran RGA [3] dugc xac dinh theo cong

thuc:
A=G, ® [G;]T (2.40)

Trong d6, ® 1 toan tir nhan twong tng tirng thanh phan caa hai ma tran. G, 1a ma
tran do loi tai trang thai 6n dinh khi tan sé bang 0.

Thay phuong trinh (2.37) va (2.38) vao phuong trinh (2.36), hé s6 ty 1& th i cia
bd diéu khién da bién dugc thanh 1ap nhu sau:

1 0 (0 + 24¢)

K6y + ) (6 + i) 200, + 1)

(2.41)

Trong d6, T;; 12 hing sb thoi gian cua thanh phan thir i ciia qué trinh.
boi véi cac dang mo hinh khac nhu bac 2 c6 tré, bac 2 ¢o tré va co nghiém zero, phuong
phap dé xuét co thé duge sir dung dé c6 duoc cac thong sd bo diéu khién PI da bién thé

hién trong bang 2.3
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Bang 2.3 Tham sb cua bo diéu khién PI dé xuét véi hé ¢ thoi gian tré

Mo hinh K. Ty
Ke™9s Kii (6 + Ac) [ e K (0 + Aci) K
(rs+1) 0;;(0;; + 2/1ci)] Aii “
2(0; + A

[Aii (05 + 71 +72)

Ke™9s Kii (8 + Act) Kii (0 + Aci) K
(t1s+ D(1s + 1) 0::(0;; + 24) Aii “
200, + A ]
(135 + 1)Ke 05 Kii (8 + Ac) [Aii(eii Tt - ) K;;(6;; + As)
(t1s+ D(1s + 1) 0;:(0; + ZAci)] Aii e
2(0; + A

[Aii(eii + 1, + 7, +713)

(—735 + 1)Ke ™% Kii (8 + Ac) K;;(6;; + As) "
(Tls + 1)(7,'25 + 1) _ Hl-i(Hl-i + ZACL):l Aii ¢
2(0; + A

2.3. Piéu khién phén ly qua trinh da bién

Qua mét s6 khéo sat d3 thuc hién cho théy diéu khién hé da bién hét st phtrc tap.
Nhiéu phuong phéap cho du ¢6 hiéu qua tét cho hé don bién nhung khi 4p dung cho hé
da bién cho két qua khong that sy tot. D3 c6 nhidu phuong phap thiét ké truc tiép duoc
nghién ctru, tuy nhién, kha nang thyc thi cta hé thong diéu khién con nhiéu han ché. Dé
khic phuc nhitng han ché d6, diéu khién phdn ly la mét gidi phdp tot, 1a mot budc tién
quan trong trong linh vyrc diéu khién da bién. Vé co ban, nguyén tic ciia phan ly 1a phan

chia qua trinh da bién tré thanh mot t6 hop cac hé théng don bién doc 14p v6i nhau. Néu
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diéu nay thuc hién dugc hodc phéan ly 1y twong xay ra thi mot qua trinh da bién c6 thé
diéu khién dugc bang cach diéu khién cac vong don bién doc lap véi nhau.

Vay chung ta s& lira chon phuong phap phan ly nao dé toi vu va hiéu qua nhat. Hién
nay ba phuong phap phan ly duogc biét dén 1a phan ly 1y tudng, phan ly nghich va phan
ly don gian hoa. Vi vdy, ddy 1a mot van dé twong dbi phirc tap vi tat ca cong nghé déu
¢ vu diém ciling nhu giéi han riéng ctia né. Phan ly don gian hoa 1a phuong phap phd
bién nhat, wu diém chinh ctia n6 chinh 1a sy don gian hoa cac phan tir ciia ma tran phan
ly [40]. Phan ly 1y tuéng, phuong phap ndy it duoc sir dung trong thuc té, néu str dung
dugc phuong phap nay thi rat d& dang cho viéc thiét ké bo diéu khién nhung viéc hién
thuc héa b phéan ly gip nhiéu kho khan [13]. Phan ly nghich, phuong phap nay ciing it
khi duoc thyc hién di phuong phap nay sir dung wu diém cta ca hai phuong phap phan
ly don gian hda va phan ly 1y tudng. Viéc hién thirc hoa bo phan ly nghich 1a khé khan
16n nhit cua k¥ thuat phan ly nghich [10, 14-15].

2.3.1. Phan ly ly twéng
So dd khdi bo phan ly 1y tuong thé hién hinh 2.9

Phan ly ____Quatrinh

S
Py Gc]_ > P11 >
up m; K
—~—> P
— P21
Uy ma y
e G Pn |— >
c2 “ 22 )72

E

Hinh 2.9 Cau trac diéu khién phan ly hai bién
Muc dich cta phan ly Iy twéng 13 tim bo phan ly D(s)sao cho ham truyén vong ho

cua hé sau khi dugc phan ly cé dang sau:
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G(s) = P(s)D(s) = | 110(5) Pzzo(s)] (2.42)
Trong d6 D(s) la ma tran ham truyén cua bo phan ly

LON] Fre s 24
Tu hai phuong trinh (2.42) va (2.43) ta c0 cac phuong trinh sau:

P11(S) D11(S) + Pi5(s)Dy1(s) = P11(s)

P11(S) D15(s) + P15(s)D,5(s) =0 (2.44)

Py1(8) D11(s) + Py2(5) D21 (s) = Pyy(s)
Py1(s) D12(s) + Py2(s)Dy(s) =0

Giai hé phuong trinh 2.44, ta tim duoc cac thanh phan caa bo phan ly 1y tuéng:

P11 (5)Py;(s)

Dia(s) = P11 (5)Py(s) — P12 (s)P51(s)
_ —P1,(S)P,,(s)
Dy(s) = P11(8)P23(s) — Pi3(s)P21(s)
(2.45)
—P;1(s)P;1(s)
D;1(5) = P11 (5)Py2(s) — Pi2(s)Po1(5)
Dy, (s) = P )Pan )

P11 (5)Py5(s) — Py5(5)Py(s)

2.3.2. Phan ly don gidn héa

So d6 khéi bo phan ly don gian hoa nhu hinh 2.10. Ta c6 thé thiy vé mic cau tric
b phan ly nay tuong tuy nhu phan ly 1y tuong. Tuy nhién, trong truong hop phan ly don
gian hoa, cac phan tar duong chéo cua ma tran phén ly duoc thiét 13p bang 1. Do d6, ma

tran phén ly c6 dang nhu phuong trinh (2.46).
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Phan ly Qua trinh

§ Y1
SPs N S
p Gcl U Pl]. P -
+
——> P
—) P21
+
SP2 * R
p GCZ ] PZZ 92

Hinh 2.10 So d6 khéi bo phan ly don gian hoa

D(s) D121(S)]

- [D211(5) (249

Do do, hé phuong trinh (2.44) dugc don gian hoa thanh 2 phuong trinh sau:

P11(5) D12(s) + P12(s)Dy2(s) = 0 (2.47)
Py1(8) D12(S) + Py3(s)Dy2(s) = 0

Va tir d6 ta tim duoc 2 phan tir con lai cia ma tran phan ly:

Py, (s)
Py1(s)
Py, (s)
Py, (s)

Dy,(s) = —

(2.48)

D31 (s) = —

Ham truyén vong ho cta hé sau khi dugc phén ly duoc tinh theo phwong trinh sau:

_P12P21

oo =| (2.49)
P12P21 .

l O PZZ_
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2.3.3. Phan ly nghich

CAu tric caa bd phan ly nghich khac han véi hai phuong phap trén. So dd tong quéat
cho h¢ hai bién dugc thé hién & hinh 2.11

Phan ly Qua trinh
§ Y1
S
By Ga > Py 2 >
5
—J—> P12
— Pz]_
S +
i T G > Pxp )72

Hinh 2.11 So 6 khéi phan ly nghich

B6 phan ly nghich ciing thiét 1ap cac thanh phan dudng chéo bang 1.

D(s) = [ 1 D121(5)]

2.50
Dy1(s) ( )
Tuong tu nhu truong hop trén, ta c6 hé phuong trinh sau:
Pi1(s)Dy,(s) + P1,(s) =0
11(5) D12(s) + Pi2(s) (2.50)
Py1(s) + P22(s) Dy1(s) = 0
Tir d6 ta tinh dugc céc thanh phan con lai caa bo phan ly:
P, (s
Dy(s) = — 12(5)
Py11(s)
(2.52)
Dy.(s) = _P21(S)
21 Py;(s)

Dbi v6i phan ly nghich, cac thanh phan dudng chéo ma tran ham truyén vong ho
cta hé théng sau khi thém bo phan ly ciing chinh 13 cac ham truyén trén dudng chéo
chinh ciia ma tran ham truyén cua qua trinh. Ma tran sau khi phan ly c6 dang sau:

32



P 0
G =g’ Pzz]

2.3.4. S0 sanh wu nhuoc diém ciia cac phwong phap phén ly

(2.53)

Dua trén co sé cua ba phuong phap phan ly trén, ta c6 thé dwa ra dwoc bang nhan

dinh tong quét vé nhirng thuan loi va han ché cua timg phuong phap theo Bang 2.4 dudi

day:

Bang 2.4 So sanh vu nhugc diém cua cac bo phan ly

Phéan ly Phanly  Phan
Dic trung cia phwong phap phan ly ly twéng  don gian ly
hoa nguwoc
Khi mét vong lip duoc gitt ¢ ché do diéu khién
bang tay thi dic tinh d6ng hoc caa nhirng vong con Co Khéng Co
lai 12 khong thay doi.
Nhitng phan tir cua ma tran phan ly khéng chira . ; ;
Ru’gqpathru A anp y g chu Khdng Co Co
tong cua cac ham truyén dat
Ma tran ham truyén cua céc chu trinh phan ly méc
ndi tiép thi khdng c6 chira tong caa cac ham truyén Co Khong Co
dat
Khi nhitng vong lap duoc chuyén tir ché do diéu
khién bang tay sang tu dong thi khoi dong hé thong . Khéng Khong Co
phan ly l1a don gian
Thuc hién véi khdi chire ning lead-lag va tré c6 thé 6 6 Khong

khdng l1am giam hiéu suat thuc hién caa n6
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CHUONG 3
THIET KE BQ PIEU KHIEN PHAN LY PON GIAN HOA

3.1. Hé phan ly da bién tong quat

Nhu d3 néu trong phan pham vi nghién ciru, trong luan an nay, tac gia chi khao séat
hé co dic tinh tuyén tinh hodc co thé dugc xap xi quanh diém 1am viéc dé dua hé phi
tuyén vé dang tuyén tinh. Khi d6, xét hé théng da bién bat ky n ngd vao, n ngd ra ma
tran ham truyén mo ta hé c6 dang nhu phuong trinh (2.5). Dwa vao ly thuyét co ban cua
cac ki thuat phan ly da dé cap & Chuong 2, trong phan nay, tac gia dé xuat phuong phap
tong quat hoa dé thiét ké bo phan ly don gian hoa cho hé bac n.

So d6 khdi tong quét cua hé thong diéu khién phéan ly duoc thé hién & hinh 3.1, trong
d6, G (s) 1a bo didu khidn nhidu vong kin, D(s) Ia bo phan ly. G(s) va @(s)lan luot 1

qua trinh da bién va qua trinh da bién da duoc phan ly:

1 |
1 Vi Uy : Y1
| 1 [ S
P L
|
Iy, 1 uz :
! ! S I y2
1 ) ) >
: 1]l o ORI
| I : .
| | " :
| | " .
b, Un I Yn
I I N L N
T 1 7 7>
| | |
1 b o o o |
Q)

Hinh 3.1 M6 hinh thuat toan hé thong diéu khién phan ly da bién n x n

Muyc tiéu caa su phan ly 1a dé xac dinh ma tran phan ly D, théa man diéu kién GD =

Q, 1a mot ma tran duong chéo.
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g1 - Yin

dll aen dln ql 1 e O
oo = o (3.1)
dpi o dpn 0 ... qun

Tt (3.1), ta ¢ cadc mbi quan hé khac nhu sau:

gnl gnn

gindyi + -+ giimadi—g; + 9udi + 9iiv1divai Tt Gindni = G (3.2)

_ . . . N dy; 7
911 - 11 91,i 91,i+1 « Yin : -0
: : : : : ds, :
9i-11 - Gi-vi-1 Gi-up Gicvivr e Gian|] 5000 (3.3)
Ji+11 - YJi+1i-1 Gi+1i Gi+ii+1 - Ji+in “1710 '
P ; : : B | COSE I
L In1 gn,i—l gn,i gn,i+1 Inn | : L0
| dn'i _
Tir (3.2), ta c6 thé xac dinh thanh phan tht i cua ma tran Q nhu sau:
qi = gudy + (gildli + 9i2dyi + -+ giim1di—1i + Giiv1diva; T (3.4)
+ gindni) = gudy + grd”
T (3.3), ta xac dinh duoc:
dc = —(G) g dy (3.5)
Theo tinh chét caa ma tran thi:
G (adiG) = |GII (3.6)
T (3.6) ta rat ra duoc:
9i1Cin + -+ 9ii-1Cii—1 + 9iiCii + 9ii41Cijp1 + - + GinCinn = |G| (3.7)
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_ . . . i Ci1
911 e 11 91,i Iii+1 v O1n : -0
: : : : : Ciros :
9i-11 - Gi-vi-1 Ji-ui Jicvivr - Gicanfp o 1 _ |0 (3.8)
Ji+11 - YJi+ri-1 Gi+1,i Gi+ri+1 - Ji+in C 1710 '
: : : : : ii+1 .
L Jn1 gn,i—l gn,i gn,i+1 Inn | C L0
B in -
T (3.8):
G_iéic + g_iCCii = 0 (39)
Do do
—i-iC
o= _GC (3.10)
Cii
Thay (3.10) vao (3.5), ta tim dugc:
_ . GiC* cie
ic — _(HY"1]| — d: =d;;— 3.11
Nhu vay, thanh phan (j, i) ciia bo phan ly c6 thé dugc xac dinh nhu sau:
Cij .. .,
di=di—, ,j=12,..n; j#1i (3.12)
Cii
Thanh phan gi duoc xac dinh theo cong thuc sau:
Yii
o =(.. 2"
qll L Au (313)

Khi thiét ké bo phan ly don gian hda thanh phan dii duoc miac dinh 1a 1. Chinh vi thé, ta

c6 két qua nhu sau:

Cij .. o
d; = . b= 1,2,..n; j#1i (3.14)
’
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@ === (3.15)

Trong do:

Cii, Cij : Thanh phan duong chéo va thanh phan khong duong chéo cia ma tran phu dai
s6, duoc xac dinh tir ma tran ham truyén dat cia qua trinh da bién.

Aii - Ddy lién hé dong vé do loi cua ma tran ham truyén dat cia qua trinh da bién
(Dynamic Relative Gain Array) duoc dé xuat boi Bristol (1979) [31], dung dé do méi
lien hé bén trong cua cac qua trinh da bién.

gii: ham truyén dat cua thanh phan dudng chéo thi (i,i) cua ma tran ham truyén dat cua

qua trinh da bién.
3.1.1. Thiét ké b phan ly don gian hoa cho qua trinh da bién 2x2

Xét qué trinh 2x2, c6 ham truyén dat nhu sau:

_[911 Y12
G= [921 922] (3.16)
B9 phan ly duoc tinh theo (3.14) nhu sau:
1 ﬁ
D= C22 (3.17)
2 1
Trong do,
. €1 C 922 —921
_ 7 _ |b1n Ciz] _
¢ = (adj6)" = |- sz] =2 "9 (3.18)
Ta nhan duoc:
Ci2 921
dys = —2 = -2 3.19
2 C11 922 ( )
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dy, =22 =212 (3.20)

Qua trinh bi phan ly duogc xac dinh theo (3.15), nhu sau:

_ 911 _ _ 912921
11 = A, 911 Ty (3.21)
_ Y922 _ _ 912921
22 = Ay 922 g1 (3.22)
3.1.2. Thiét ké bd phén ly don gian hoa cho qua trinh da bién 3x3
Ma tran ham truyén dat chung cho hé 3x3 duoc cho nhu sau:
911 Y12 Y13
G=1|921 922 Y23 (3.23)
931 Y32 Y33
Ma tran phan ly dugc xac dinh theo (3.14), nhu sau:
(, fa Ga
Cy2 Cs3
Ciz 3,
D=— 1 — (3.24)
Ci1 C33
Ga G
€11 (2 .
Trong do
Ci1 Gz (i3
C=|[Cn (3 Gy
(31 C3p Gy
(3.25)

(933922 — 932923) —(933921 — 931923) —(931922 — 932921)
= |—(933912 — 932913) (933911 — 931913) —(932911 — 931912)
—(9220913 — 923912) —(923911 — 921913) (922911 — 921912)

Qua trinh bi phan ly duogc xac dinh theo (3.15), nhu sau:
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911

qi1 =

Ay
(3.26)
_ 1911(.922.933 — 923932) — 912921933 — 923931) — 913(931922 — 921932)]
922933 — Y23932
_ 9z
qz2 Ay
(3.27)
_ 1922(911933 — 913931) — 921(912933 — 913932) — 923(g32911 — 931912)]
911933 — Y13931
_ 93
q33 Ass
(3.28)

_ 1933(911922 — 912921) — 931(913922 — 912923) — 932(923911 — 913921)]
911922 — 912921

3.2. Ky thuat hién thuc héa hoat dong ctia by phan ly don gian hoa
3.2.1 Hién thuc héa

Y&u cau hién thyuc hoa (realizability) cho bo diéu khién 14 tat ca cac ham truyén
thanh phan phai hop thiic, nhan qua va 6n dinh. Déi véi hé cé thoi gian tré hoic c6 pha
khong cuc tiéu, viéc tinh toan cé thé dan dén cac thanh phan c6 nghiém ze-r6 duong.
Hoic nhu trong phuong trinh (3.19) va (3.20), khi thuc hién phép chia hai ham truyén
c6 thé dan dén ham mii co liy thira duong (dic tinh dy bao) hay 1a hé khong nhan qua
(non-causal). Trong k¥ thuat phan ly nghich, Garrido dé xuét giai phap bang cach thém
mot ma tran dudng chéo chira cac thanh phan ham tré dé thay d6i dic tinh tré cua cac
ham truyén thanh phan [14, 15]. Viéc nay gay tranh ci vi n6 thay doi ban chat dong cua
ham truyén hé théng. Trong nghién ciru ndy, tac gia sir dung phan ly don gian héa va
ddng thoi dé xuat giai phap vira ha bac cac ham truyén phic tap vira giai quyét bai toan

hién thuc héa cac ham truyén thanh phan.
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3.2.2 Phwong phap dong nhat hé s6

Phuong phap dong nhat hé s duoc dé xuat bai Truong va Lee (2010a) nham ha bac
ctia cac qua trinh phuc tap. Trong nghién cau ndy, phuong phap nay duoc mo rong dé
ha bac céc thanh phan cia ma tran phan ly dong thoi thda mén cac yéu cau cua bai toan
hién thuc hoa.

Cac thanh phan phan ly tir phuong trinh (3.14) c6 thé dugc khai trién theo chudi

Maclaurin nhu sau:

b:: Cii d.:
() =ap[1+Ls+Ls?+Ls3) +0(s% (3.29)
]
a]i aji aji

Trong do cac hé sd duoc tinh nhu sau:

a;; = d;}7 (0) (3.30)
dd:/’ (0)
i = Jd—s (3.31)
s=0
1 d2 eff(o)
Cji = ZT (3.32)
s=0
1d3d7 (0
dji == g# (333)
s=0

3.2.3 Ap dung phwong phap dong nhat hé sb

Cac khau sém tré pha hoic bac 1 c6 tré thudng duoc sir dung dé mo ta dic tinh dong
cta cac thanh phan caa ma tran phan ly bai vi su don gian va dap tmg thda man duoc

y&u cau.
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= Khau sém tré pha

dr-¢ff = M (3.34)
TrpS +1

Khai trién (3.34) theo chudi Maclaurin:

dreff(s) = Kr(l + (Tra - Trb)S - (Tra - Trb)TrbSZ) + 0(53) (335)

Ddng nhit phuong trinh (3.35) v6i phuong trinh (3.29) va sir dung cac phuong trinh
tir (3.30) dén (3.33), ta tinh duogc cac hé sé:

Cji

— _ i _
K, = QiyTra — Trp = (Trb — Tra)Trp = = (3.36)
Ji ji
Ci: b.. Ci:
— _ ] U ji
K, = Qjiy Trp = _b_rTra - b_ (337)
ji Qji - Dji

= Khau sém tré pha co tré

K, (1,45 + 1)e~0rs

dr-eff = 3.38
TS +1 (3:38)
Tuong ty nhu trén, sau khi ddng nhat ta cé cac phuong trinh:
K, = a; (3.39)
O+ Tpp — Tpg = - (3.40)
ji

1 5 Cji
EQT + (0 + Ty — Tr@)Trp — Trabr = a_ (3.41)

ji

1 63 1.0 d;;

(E 97‘2 + Trber + Trzb - Traer - TraTrb) Trp + é - n; ~=— a_ﬂ (342)
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Dé céc thanh phan cia ma tran phan ly thuc thi duoc, cac gi tri cua 6,, Trq, Trp

phai 1a cac s thuc duong. Diéu nay s& dugc trinh bay qua mot sb truong hop sau:

Truwong hop a: Néu c6 thanh phan khong hién thuc duoc do thoi gian tré (khong
nhan qud), nghiém cuc ndm bén phai hodc cac thanh phan phan ly khong hop thire. Khi
do, cac thanh phﬁn cuia ma tran phan ly phai dugc thiét ké nhu ham d6 loi tinh (nghia la

bo qua céc dac tinh dong).

Trwong hop b: Néu c6 thanh phan khong hién thuc duoc do thoi gian tré, khi d6

cac thanh phan cta bd phan ly nén duoc thiét ké nhuw mo hinh sdm tré pha bac 1.

Trwong hop c: Néu c6 thanh phan khong hién thuc duoc do c6 nghiém cuc nam
bén phai mit phang phtc hodc cac thanh phan ctia ma tran phéan ly khong hop thic, khi

do6 ta nén st dung mo hinh ¢6 tré thuan nhat

Truong hop d: Néu c6 thanh phﬁn c6 thé hién thuc dugc, ta nén sir dung m6 hinh

som tré pha bac 1 co tré.

K¥ thuit rat gon dé xuat 1a don gian, d& hiéu va d& thyc thi trong thuc té. Tuy nhién,
can luu y 12 phuong phap dong nhat hé sé trén chi hiéu qua cho qua trinh da bién véi
ma tran ham truyén la ma tran vuong, on dinh va c6 thanh phén duong chéo vuot troi
v6i su twong tac vira phai. Nguoc lai, phuong phap dong nhét hé s phai dwoc mé rong
sang mo hinh bac cao, c6 thé sir dung k¥ thuat tuong tu nhu trén hoac cac k¥ thuat khac
dé dat duoc mo hinh béc cao thich hop ma c6 thé thé hién rd dic tinh dong phrc tap cia

céc thanh phan phan ly.
3.3. Thiét ké bo diéu khién PI/PID cho hé thong phan ly don giin héa
3.3.1. Gi6i thiéu

Trong qua trinh diéu khién hé thdng da bién rat kho kiém soat, vi nhiing twong tc
bén trong gitta cac vong kin. Nhitng twong tac ndy rat phirc tap va 12 nguyén nhan giy
ra sy kém thue thi va kém 6n dinh cta ca hé thdng diéu khién. Cac phuong phép thiét

ké bo diéu khién PID cho hé da bién duoc cac nha nghién ctru quan tdm phat trién [43-

42



53]. Tuy nhién cac phuong phap nay thuong chi ap dung cho cac truong hop riéng 1€
hoic chi dung cho hé 2x2, khong phai 1a phuong phép thiét ké tong quat cho hé da bién.
Vén dé tuong tac giita cac bién trong hé théng 1a bai toan kho khan [49]. Mot trong
nhirg phuong phap phd bién khac dé giai quyét van dé nay phai ké dén phuong phap
RGA duogc Bristol [41] va cong su gidi thiéu nam 1979. Pac biét 1a vao nam 1983,
McAvoy [36] va cac cong su phat hién thiy mdi twong quan gitta RGA va su 6n dinh
ctia mot hé thong diéu khién. Ca hai phuong phap nay déu co thé duogc st dung dé xéac
dinh sy tuong tac giita cic bién cua hé thdng va twong tac bén trong giira cac vong kin
ctia hé théng diéu khién. Day ciing 1a nguyén nhan cac phuong phap thiét ké bo didu
khién mot bién khong thé hodc khong c6 hiéu qua khi 4p dung cho hé da bién. Tuy nhién
hai phuong phép nay chi ap dung tt cho hé quanh diém tinh. Dan dén dap tmg qua do
cua hé khong that su tdt khi c6 nhiéu qua trinh tadc dong.

Tuy nhién, viéc xac dinh duogc twong tac cla cac bién qué trinh va twong tic vong
kin c6 thé gilp ta xay dung thuat toan diéu khién tir viéc sir dung phuwong phap thiét ké
n bo diéu khién mot bién nhan véi cac trong s lién hé giita hé mot bién va hé da bién
dé ap dung mé rong cho hé da bién. Trén co so d6, phuong phap dé xuat duoc gidi thiéu
nham thiét ké hé thong diéu khién da bién, véi cac bo diéu khién PID khi d3 tinh dén
cac twong tac nhu di trinh bay & trén s& lam cho hé théng diéu khién lam viéc 6n dinh
va dat hiéu qua cao hon.

Muc 2.2, tac gia da gidi thiéu, khao sat mot sé phuong phap dé thiét ké bo dicu
khién PID cho hé don bién va mé rong cho hé da bién. Tuy nhién cac phuong phap d6
d3 phat trién trong thoi gian dai va c6 dap ung khong that sy t6t khi 4p dung cho hé da
bién. Trong nghién ctru ndy, phuong phap thiét ké tong quat bo diéu khién PID dya vao
céu triic mo hinh noi (IMC), 1a mot phuong phap ndi tiéng va thu hat nhiéu nha nghién
ctru boi sy don gian va hiéu qua [49-53], s& duoc phat trién va két hop véi bo phan ly
dé str dung cho hé da bién. Hon nita phwong phap IMC-PI/PID ciing s& dan ra cong thirc

tuong minh tinh toan cac thong sb ti 18, tich phan, va dao ham cua bo diéu khién PI/PID.
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3.3.2. Phwong 4n dé xuat

Trén co s& ciu tric ctia hé diéu khién phan ly don gian hoa hinh 3.1, ta thdy rang hé

thong diéu khién hoi tiép da bién (n x n) da dugc phan ly thanh mét tap hop n hé théng

don bién nhu dugc trinh bay & hinh 3.2

r e, Uy . Y1
gCl gll )’
+
P €s Uy ] 2
+ >. gC2 g;Z >.
rn en un yn
< BT shel >

Hinh 3.2 Hé théng nhiéu vong kin va mé hinh phan ly thanh cac hé thong don bién

tuong rng

Trong d6, g& 12 ham truyén dat thir i cua tirng vong kin cua hé thong da bién sau khi

d3 phan ly thanh cac hé théng don bién tuwong Gng.

d
—>

Hinh 3.3 CAu triic cta hé thdng diéu khién don bién hoi tiép truyén thong
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Hinh 3.4 Cau tric caa hé théng diéu khién don bién theo ly thuyét IMC

Trong truong hop nay viéc thiét ké bo diéu khién tro nén don gian hon rat nhiéu khi
so sanh vai viéc thiét ké bo diéu khién cho hé da bién, do bo phan ly don gian hoa di
tach méi twong tac bén trong clia qua trinh da bién (process interaction) va twong tac
vong kin (closed-loop interaction). Cé nghia 1 ta chi can thiét ké bo diéu khién cho hé

don bién véi d6i twong diéu khién 1a ham truyén dat twong duong g&ft

Hién nay, trong cac tng dung cua cac qua trinh cdng nghiép, bo diéu khién PI/PID
van chiém ti 18 da s6. Cac phuong phap thiét ké bo diéu khién mot cach hiéu qua van
dang tiép tuc duoc nhiéu nha nghién ciru quan tam. Trong d6, phuong phap thiét ké duwa
vao cau triic IMC 1a phuong phap don gian, hiéu qua va duoc sir dung cho giéi hoc thuat
cling nhu tng dung trong cong nghiép. Trong luin an nay, tac gia dé xuat phuong phap
chung dé thiét ké bo diéu khién IMC-P1/PID cho mét s6 qué trinh dién hinh trong thuc

4
A

te.
3.3.2.1. Thiét ké bé diéu khién IMC-PI

Theo hinh 3.3 ta co:

Gy(s) = gfif /12 ham truyén dat ctia qua trinh don bién.

G, (), G:(s),q(s), f,(s) lan lugt 1a ham truyén dat theo md hinh cau tric IMC, bg diéu

khién don bién, bo loc IMC va bd loc tin hiéu dau vao

Cho rang y(s), r(s), d(s) va u(s) lan luot 1a tin hiéu diéu khién dau ra, gia tri dat dau

vao, tin hiéu nhiéu dau vao va tin hiéu diéu khién.
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Néu mé hinh khong bi sai léch, nghia 1a Gy(s) = Gp (s), khi @6 dap tng theo gia tri dit
(set-point) va dap ung khir nhidu (disturbance) trong cau tric diéu khién IMC duoc
thanh Iap nhu sau:

y(s) = Gp()q(s)f()r(s) + [1 = Gpq()]Ga()d(s) (3.43)

M® hinh cta qua trinh Gp (s) duoc tach 1am hai phan nhu sau:
Gy (5) = P (8)pa(s) (3.44)

Trong do:
- pa(s) 1a mot phan cia mé hinh bao gom cac thanh phan c6 nghiém zero duong
hodc khau tré pha (non-minimum phase) va c6 do lgi bang 1.
- pm(s) 12 phan con lai cia mo hinh sau khi tach p,(s) .
Khi d6, bo diéu khién IMC ¢(s) dugc thiét ké nhu sau:

q(s) = pr ($)f (s) (3.45)
Véi cau tric diéu khién hai bac tu do (2 DOF) bo loc IMC dugc chon lwa dé nang cao
dap ung cua hé théng nhu sau:

_ i=1(Bis + 1)
f(s) = s + 1) (3.46)

Trong d6 A 13 thong sé diéu chinh c6 thé duogc sir dung dé thoa hiép giira hiéu qua thuc
thi caa hé thdng va su 6n dinh bén viing. S6 nguyén a dugc lya chon vira du 16n dé 1am
cho b diéu khién IMC thuc thi dugc (hop thic).

Ngoai ra, dé nang cao hon nira dap tmg dau ra theo gi4 tri dat, viéc thiét ké bo loc dau
vao la can thiét. Bo loc dau vao dugc thiét ké dé khir cuc gan diém 0 (zero) trong ham
truyén dat G,(s).

4(8) Xi—1(Bis +1
1-— Gp(S)Q(5)|S=Zd1,zd2 ..... Zdy = 1= ‘ (S)(ES ‘|'(1IB)z . )

=0 (3.47)

S=Zd1,Z2d2,Zdy

Thay cong thirc (3.46) vao (3.44) ta nhan dugc bo diéu khién IMC nhu sau:
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iz1(Bis + 1)

Os + D7 (3.48)

q(s) = py' (s)

Thay cong thtc (3.48) vao cong thuc (3.43), ta c6 duoc ham truyén dat vong kin theo
gia tri dat hoac theo nhiéu qua trinh lan luot nhu sau:

y(s) _pals) XiZ.(Bis + 1)

— 3.49
r(s) (As + 1) (3.49)
y(s) pa(s) Xi-1(Bis + 1)
O <1 G 1 12 Gy4(s) (3.50)
Khi d6 bd diéu khién hdi tiép 1y tuong duoc thanh lap nhu sau:
S
6.(s) = — 1) (3.51)

1= Gp(s)q(s)

Chinh vi vay bo diéu khién hoi tiép 1y tuong dé nhan dugc dap ang dau ra mong muébn

duogc thanh 1ap nhu sau:

P () Lioa(Bis + 1)

) = B+ D7~ pa® YL Bis + D

(3.52)

Cong thire (3.52) hién tai chua phai 1a bo diéu khién PI/PID. Do d6 ta phai chuyén doi
thanh bo PI/PID thich hop bang viéc st dung cac ky thuat xap xi mot cach phi hop nhat.
Trong nghién ctuHH nay tac gia s dung Ky thuat khai trién chudi Maclaurin va thuat
toan xap xi Padé [42].

Doi voi hé bac mot co tré (FOPDT) va bac hai c6 tré (SOPDT), bo loc dau vao duoc
thiét ké mot cach tuan tu nhu sau:

vBs + 1
Ps+1

fr(s) = (3.53)

47



y7;s+1
(t;tps? + 1,5+ 1)

fr(s) = (3.54)

Trong d6, 0 < ¥y < 1 ¢6 y nghia nhu sau:
- vy=0: dap ung theo gia tri dat bi cham
- vy=1: khéng str dung bo loc ngd vao
- 0<y<I: ta c6 thé diéu chinh hé s6 vy truc tiép dé dat duoc dap tng theo gia tri dat
nhu mong muén.
Trong nghién cttu ndy, bo diéu khién dé xuat 1a bo diéu khién P1D két hop véi bo loc c6
dang nhu sau:

ds? 1
) s“+cs+ (3.55)

1
G = Ke(14 oot tos) L oy

TS

Béng viéc so sanh cdng thirc (3.52) va (3.55), ta sé& xac dinh duoc céc qui luat diéu chinh

bi diéu khién PID dé xuat.
3.3.2.2 Thiét ké bé diéu khién IMC-P1D

» Quatrinh FOPDT
Néu ham truyén dat twong duong 1a mé hinh bac mét c6 thoi gian tré (FOPDT) c6
dang nhu sau:

Ke—@s

(3.56)
s+ 1

Gy(s) =

Trong d6 K, T va 0 dai dién cho db loi, hiang sb thoi gian va thoi gian tré cua qué
trinh.

B6 loc IMC duoc chon lya dé nang cao dap tng cua hé théng nhu sau:
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Ps+1

L A — 3.57
f(s) s+ )2 (3.57)
Theo d6 bd diéu khién hdi tiép vong kin Ia
(zs+1D(Ps+ 1)
G = 3.58
) = I + D2 — e (s + 1] (3.58)
Bing viéc sir dung phép xap xi Padé 3/2 dbi véi ham mii e nhu sau:
2 3
1-395430 2 9 s
—-0s _ 5 20 60
e0s = (3.59)
1+ ﬁ + 9_2 2
5°720°

Thay phuong trinh (3.59) vao (3.58) va bién d6i twong duong dua vé bo diéu

khién PID, ta c6 két qua cac thdng sé bo diéu khién nhu sau:

(?) 26 _ 0

_ - il 3.60
‘TK@ito-p) "' "5 'P73g (3.60)
308 6% , 410 , .,
(T—EJFT”)
a= - (3.61)
21+ 6 —pB)
362 3 2 22
b—<_2—f+g_0+%+%)—arc—ﬁd—o (3.62)
21+ 6 —p) SR
Bo loc dau vao duoc thiét ké theo cong thic (3.57) nhu sau:
1—-(1 AW
p=t —( —;) er (3.63)
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> Hé thong SOPDT
Heé bac 2 c6 tré la mot trong nhitng hé thudng gap cua cac qua trinh cong nghiép.
Ham truyén dat c6 dang tong quat nhu sau:

Ke™%
Gp(s) = Gals) = (8 + D)(1s + 1) (364)

Véi mo hinh trén, bo loc IMC théng thuong duoc thiét ké nhu sau [52]:

B2s?+ Pis+1
f(s) = ZS( — 115)4 (3.65)

Nhu thé bo diéu khién IMC duoc xac dinh

(118 + D (1,5 + 1)(Bs% + Bys + 1)

K(s + 1)* (366)

q(s) =

(1;s + (18 + 1)(Bys?2 + Bys + 1)

K[(As + 1)* — e 5(B,s2 + Bys + 1)] (3.67)

GC(S) =

Két qua cua bo diéu khién PID dugc xac dinh mot cach twong ty theo qui trinh néu

trén, cu thé nhu sau:

_ B _ _ ,62
TkGve-py " T TR, (3.68)
3931 82 610 _ ..
By + 4213
a= ( i 1075 ) — (11 + 12), (3.69)

(3/1+ 0 — 1)

308, 3626, . 67 . 316> 6A%0 _ ,
b_(s 20 te0t 20 T 5 +’1)

— 1,1, —a(t; +1,) (3.70)
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c=?,d=% (3.71)
3 -0 3 -6
. T3 [(1 - ?—1) e’ —(1] - T%)[(l - 1/1_2) e’z — 1] (372)
T — Ty
fo =13 [(1 - Z) e;_ze - 1] + P72 (3.73)

Doi voi cac hé thong va qué trinh khéc, cach xac dinh qui luat diéu chinh cua bo
diéu khién PID két hop bo loc theo phuong phap dé xuat duoc thuc hién mot cach tuong
tu nhu trinh bay ¢ trén.

3.4. Po lwong, danh gia chat lwong ciia cac hé thong phan ly don giin héa

3.4.1. Tiéu chuén IAE (Integral Absolute Error)

Dé danh gia va so sanh cac hé thong diéu khién khac nhau, ta thuong ding tiéu

chuén IAE nhu sau:
IAE = [|e(t)dt (3.74)
0
Trong d6, e(t)la sai s6 gitta ngd ra va gia tri mong muon caa hé tai thoi diém t.
Do d6, gia tri IAE dugc xac dinh cang nho cang tét.

3.4.2. Tiéu chuan TV (Total Variation)

TV 12 mét tiéu chudn danh gia muc d6 thay doi vé mic tan s6 (smooth) cia mot tin
hi¢u va thuong dung dé danh gia chét lugng cua céc tin hi¢u diéu khién. Gia trj cua TV

dugc tinh theo cong thirc sau:
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TV:i\um—ui\ (3.75)
i=1

Trong d6, u;va u;,,1a gia tri caa tin hiéu didu khién & hai thoi diém lién tiép. Gia
tri TV duoc xac dinh nhd dén muc co thé.
3.4.3. Tiéu chuin dé vot 16 (Overshoot)

Déi v6i tidu chuan d6 vot 16 quen thudc cta Iy thuyét diéu khién, Trong nghién ciru
nay, tac gia s& xem xét & ca hai truong hop 1a vot 16 cia dap tmg khi gia tri dit thay doi

va nhiéu thay doi.

52



CHUONG 4

NGHIEN CUU MO PHONG VA PHAN TICH CHAT LUQNG
CUA HE THONG PIEU KHIEN PHAN LY PON GIAN HOA

4.1. Cac md hinh ciia hé thng da bién tiéu chuan dung dé md phéng

Hién nay trén thé gidi cic md hinh tiéu chudn ciia cac hé théng da bién thuong dugc
st dung dé mo phong gém nhirng qua trinh nhu sau:

% Cot chung cat Wood & Berry (WB) [37]:

Cot WB dung dé tach Mé-tan va Nudc c6 ham truyén dat nhu sau:

[[12.8¢™F —18.9e*]
6(s) = [16.75 +1 21s+1

4.1
6.6e77° —19.4e”% 4.0

109s+1 144s+1

< Cot chung cat Vinante & Luyben (VL) [28]:

Cot VL dung dé tach Ethanol va Nudgc c6 ham truyén dat nhu sau:

—2.2e75 1.3¢703s

| 7s+1 7s+1
G(s) = _28p~185 43p-035s (4.2)

95s+1 9.2s+1

% Cot chung cit Ogunnaike & Ray (OR) [18]
Cot chung cat OR dung dé tach hon hop giira Etan va Nudc dugc nghién cau boi
nhom nghién ciru cia Ogunnaike va cong sur.., theo dé ma tran ham truyén dat c6 dang

nhu sau:
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[ 0.66e7%6 —0.61e735s —0.0049¢"5
6.7s +1 8.64s + 1 9.06s+1
1.11e765s —2.36e73¢ —0.01e7 128
G(s) = © ¢ e (4.3)
3.25s+1 5s+1 7.09s + 1
—34.68e7%%5  46.2e7 %% 0.87(11.61s + 1)e~*
| 8155+ 1 109s+1 (3.895+1)(18.8s+ 1)

Trong phan ndy, phuong phap dé xuét duoc ap dung cho cac qua trinh da bién duoc
gidi thidu nhu trén. Ngoai ra, cac phuong phap thiét ké hé thong diéu khién da bién ndi
tiéng sau day duogc sir dung dé so sanh voi phuong phap dé xuét:

% Phuong phap thiét ké hiéu chinh BLT dugc dé xuét bai Luyben.
% Phuong phap thiét ké chuyén tiép duwa trén tin hiéu hoi tiép tu dong diéu chinh
(SAT) dugc dé xuat boi Loh.
Nhiing nghién ctru so sanh nay dugc thuc hién dé ching minh sy hiéu qua cua

phuong phap dé xuat.
4.2. M6 phéng, so sanh phuwong phap dé xuat véi cac phwong phap khac
4.2.1. Piéu khién cot chung cit Wood & Berry (WB)

Theo ma tran ham truyén dat caa cot chung cit WB thé hién ¢ cong thic (4.1). Bo

phén ly don gian hda duoc xac dinh theo cdng thuc (3.19) va (3.20) nhu sau:

[ . 1.477(16.70s + 1)6"25]
215 + 1
D(s) = 4.6
(s) [0.34(14.45 +1)e*s . J (4.6)
109s + 1

B diéu khién PID duogc xac dinh theo cdng thic tir (3.60) dén (3.63) va cac thong
s6 cuia bo didu khién va cac chi sb danh gia chat luong cho timg phuong phap so sanh
duoc liét ké trong bang 4.1.

Pap ung vong kin theo thoi gian caa mdi phuong phap thiét ké voi gia tri dit theo
ham nac don vi dugc thuc hién tuan tu tai thoi gian t = 0 va t = 200 (phat). Ta thay rang

hé théng diéu khién phan ly thiét ké theo phuong phap dé xuét c6 dap tng nhanh, can
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bang hon khi so v&i cac phuong phap khac. Hiéu qua cua phuong phép dé xuat ciing
duoc xac nhan bai gia tri IAE nho nhat thé hién trong bang 4.1.

2 - ; '
—Proposed
'. --—-BLT |
1 5 _:ll‘ """ SAT
_:i ) i Ny
50 100 150 200
Time [min]

Hinh 4.1 DPép tng vong kin d6i véi sy thay doi gia tri dit theo ham bac thang cho cot
WB (vong 1)

1.5 .

0.5

Y2

0 50 100 150 200
Time [min]

Hinh 4.2 Dap tmg vong kin ddi véi su thay ddi gia tri dat theo ham bac thang cho cot
WB (vong 2)
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Bang 4.1 Thong s6 cua bo diéu khién va két qua thuc thi cua hé théng WB

Phuong phap \Vong K, T, Tp A IAE
Phuong phap dé 1 0.035 0.653 0.204 5.26 11128
XUAt 2 -0.0117 0.845 0.264 8.00 .
1 0.375 8.29 - -
BLT 56.473
2 -0.075 23.6 - -
1 0.87 3.25 - 1.11
SAT 24.297
2 -0.09 104 - 7.11
Luu y: B loc cuia bg dieu khién dé xuat vong 1 1a:
v ()_dsz+cs+1_ 9.194s + 1
o A\ = sz +bs+ 1 0.103s2 + 0.369s + 1
Bo loc dau vao
() B2+ 1
() = 575571
Bo loc cua bg dieu khién dé xuat vong 2 1a:
v ()_dsz+cs+1_ 10.603s + 1
o 2\ = 2+ bs+1  0.1855% + 0.572s + 1
Bo loc dau vao
(s) = 8.48s+1
fr2(S) = 1065 1

Phuong phap dé xuat dung dé thiét ké bo diéu khién PID da vong kin dung cho hé

thng diéu khién phan ly don gian hoa. Phuwong phéap nay c6 thé p dung cho nhiéu qua

trinh da bién trong cong nghiép. Két qua md phong cho thay bo diéu khién dé xuat co

kha ning nang cao chét luong cua dap ung dau ra véi tri sé IAE thap hon rat nhiéu khi

so sanh vai cac phuong phap khac.

4.2.2. Piéu khién cdt chung cét Vinante & Luyben (VL)

Theo ma tran ham truyén dat cta cot chung cat VL thé hién & cong thic (4.2). Bo

phan ly don gian hoa dugc xac dinh theo cong thic (3.19) va (3.20) nhu sau:

1

D(s) = [0.651(9.2s + 1)e~145s

95s+1

0.591

. (4.7)
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Bang 4.2 liét ké két qua tinh toan, thiét ké va do luong cho ting phuong phap so
sanh. Nhu ta thay & hinh 4.3 va hinh 4.4, dap ung vong kin caa hé théng phan ly don
gian hoa nhanh hon, can bang hon khi so v&i cac phuong phap BLT va SAT. Gia tri IAE
nho nhét cia phuong phap dé xuit duoc thé hién trong bang 4.2.

2 T T T T T

1.5

20.5 .
—Proposed
g -~-BLT |]
-—SAT
_0.5 1 1 1 1 I
0 10 20 30 40 50 60

Time [min]

Hinh 4.3 Dap tmg vong kin ddi véi su thay doi gia tri dat theo ham bac thang cho
cot VL (vong 1)

1.3

0.5

Y2

_0‘5 1 1 1
0 10 20 30 40 30 60

Time[min]

Hinh 4.4 Dap g vong kin ddi véi su thay doi gi tri dat theo ham bac thang cho
cot VL (vong 2)
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Bang 4.2 Thong s6 cua bo diéu khién va két qua thyc thi caa hé théng VL

Phuong phap \Vong K, T, Tp A IAE
1 -0.29 0.272 0.085 1.6
Phuong phap dé 269
Xuat
a4 2 0.131 0.14 0.044 1.3
1 -1.07 7.10 - -
BLT 8.61
2 1.97 2.58 - -
1 -1.35 2.26 - -
SAT 7.15
2 3.97 2.42 - -
Luu y: Bé loc cuia bg diéu khién dé xudt vong 1 1a:
v ()_dsz+cs+1_ 3.19s + 1
A\ = 2 {hs+1  0016s%+0118s + 1
Bo loc dau vao
191s+1
() = 379537
Bé loc cua bg diéu khién dé xuat vong 2 1
ds?+cs+1 3.145s + 1

Bo loc dau vao

Fo(s) =

as?+bs+1 0.005s2+0.09s + 1

fra(s) =

1.89s+1

3.145s + 1
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4.2.3. Piéu khién cot chung cat Ogunnaike & Ray (OR)

Theo ma tran ham truyén dat cia cot chung cat OR thé hién ¢ cong thic (4.3). Bo

phan ly don gian hoa dugc xac dinh theo céng thuc (3.24) va (3.25) nhu sau:

0.7278(20.463s + 1)e~1437s

[ —0.2035]
| ! (17.938s + 1) 0.0048e |
D(S) = 0.3528_0'1595 1 _00028
23.238(18.29s + 1)e 72209  —26.457(4.128s + 1)e 643055 .
 (17271s+1) (145215 + 1)
(4.8)

Trong nghién cttu mé phong, phuong phap dé xuit dugc so sanh véi phuong phap
BLT va SAT. Thong sé diéu khién va két qua xac dinh chat lwong caa ca ba hé thong
diéu khién duoc liét ké ¢ bang 4.3 nhu sau:

Bang 4.3 Thong s6 caa bo diéu khién va két qua thyc thi cua hé thong OR

Phuong phap = vong K, T, Tp A IAE
1 0.34 1.04 0.325 4.00
Phuong phap 2 | -0.089 1.20 0.375 3.75 86.24
dé xuat
3 0.287 0.40 0.125 1.82
1 1.51 16.4 - -
BLT 2 -0.29 18.0 - - 530.64
3 2.63 6.61 - -
1 2.71 7.44 - ]
SAT 2 -037 10.52 - - 889.73
3 4.56 3.09 ; ]
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Luu ¥: Bé loc ciia bé diéu khién d@é xudt vong 1 1a:

F()_dsz+cs+1_ 5.96s + 1
aAl®) = st bs+1  023sZ + 0.403s + 1

Bo loc du vao

(s) = 3.57s+1
() = eoes 1
Bé loc cua bé diéu khién dé xudt vong 2 1a:
ds®?+cs+1 483s+1

F.,(s) = =
2(8) = T s+ 1 03521 04ds + 1

Bo loc dau vao

(5= 22+
fr$) = a3
B6 loc cua bg diéu khién dé xuat vong 3 1a:

ds?+cs+1 3.04s5 + 1

F = =
(8 = T hs 71 003552 101625 7 1

Bo loc dau vao

1.823s +1

fre(8) =527

Trén co s& thay doi bién do cua gia trj dit dau vao cua cac vong kin 1,2 va31a 1,1
va 1, ta xac dinh duogc dic tinh cia dap ung dau ra caa ca ba hé thdng duoc thé hién &

hinh 4.5, hinh 4.6 va hinh 4.7
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1.4

1.2f -
1 Bitosssszanns
0.8[i4> |
— P
- il
0.6k i
04
—Proposed
0.2F ---BLT i
---SAT
00 100 200 300 400 500 600 700 800 900
Time[min]
Hinh 4.5 Bap tng vong kin cua cot chung cat OR (vong 1)
3 T T T T T T T T

100

200

300

400 500
Time[min]
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Hinh 4.6 Dap tng vong kin cua cot chung cat OR (vong 2)
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201 -
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Time[min]

Hinh 4.7 Dap tng vong kin cua cot chung cat OR (vong 3)

Tur két qua md phong & bang 4.3, hinh 4.5, 4.6 va 4.7 ta thiy riang dap tmg dau ra
cua hé théng dé xuat c6 chat lwong cai thién dang ké khi so sanh véi ba hé thdng con
lai, do dap mg dau ra hau nhu da loai bo tac dung cua nhiéu rat dang ké. Chinh vi thé
gia tri IAE cuia phuong phap dé xuat 12 rat nho (86.24) khi so sanh véi gia tri IAE cua 2
phuong phap con lai 1a (530.46 va 889.73).
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CHUONG 5 MO HINH UNG DUNG

5.1. M hinh héa hé théng

Dé cd thé thiét ké céac thuat toan diéu khién cho cac hé théng diéu khién qua trinh
trong thuc té, dam bao su 6n dinh va hoat dong tin ciy véi cac dap tmg ngd ra nhu mong
mudn, viéc mé hinh hda hay mé ta hé bang cac phwong trinh toan (ham truyén) 1a hét
stc can thiét. Thong thuong ¢ hai phuong phap trong viéc mé ta toan hoc hé thong:

- Phuong phdp Iy thuyét: xay dung mé hinh dwa vao cac quy luat vat ly, hoa hoc,

sinh hoc dé riit ra mo hinh toan dudi dang phuong trinh vi phan.

- Phuong phdp thuc nghiém: dya vao dir liéu thuc nghiém vao-ra caa hé thng, ta
cd thé d& xuit cac phuong phap hoidc sir dung cac cdng cu cd sin dé nhan dang
hé thong.

Trong luan van nay, tac gia sir dung phuong phap thuc nghiém va céng cu nhan dang
ctia Matlab (Ident Toolbox) dé dat dwoc md hinh toan cua cac hé thong wng dung. Trong
phuong phap nay, viéc lya chon loai tin hiéu thir ciing nhu cau trac (dic tinh) caa md
hinh 12 hét sirc quan trong. Cac loai tin hiéu thir thuong duoc ding cho nhan dang nhu
sau:

- Chudi nhi phén gia ngau nhién (Pseudo random binary sequence — PRBS)

- Nhiéu nhi phan tong quat hoa (Generalized binary noise — GBN)

- Tong cé4c song sin (sum of sinusoids)

Dix liéu vao-ra cua hé thong sau khi tién xir 1y nhu loc nhiéu, loai bo offset (mac DC)
duge luu trit st dung cho budc nhin dang ciing nhu danh gia mé hinh. Viéc chon cau
trdc mo hinh phi hop ciing 13 bai toan kho khan. Tuy nhién, do gidi han cia d¢é tai chi
khao sat cac hé thong diéu khién quéa trinh véi cac dic trung cua hé quan tinh ¢ tré nén
viéc chon cau trac mo hinh ciing dé dang hon. Budc cudi ciing cia qua trinh nhan dang
1a ¢anh gia mo hinh. Phuong phap thuong dung dé danh gia 1a sir dung tin hiéu tha méi
chua dung & budc ude luong thdng sé6 mo hinh dé dua vao hé théng that cling nhu mo

hinh nhan dang duoc va tin hiéu ra ¢ ca hai hé dugc so sanh vai tiéu chi sao cho sai Iéch
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& ngd ra cang nho cang tét. Qua trinh duoc 1ap di 14p lai cho dén khi dat duoc md hinh

c6 do xap xi véi hé thdng that nhat.
5.2. Ung dung diéu khién hé bon nwéc (hé 2x2)
5.2.1. Gidi thiéu chung

Hé gom hai bon nude thong nhau, mdi bon c6 mot dong vao véi luu luong dugc
diéu khién thong qua may bom. Hai bién tan Yaskawa dugc sir dung dé diéu khién téc
d6 ciia may bom. Do d6, luu lugng nuée chay vao cac bon duge diéu khién thdng qua
dién ap diéu khién cp cho bién tan, dién ap 0-10 (VDC). Mdi bdn sir dung mot cam
bién dién dung dé do mirc, tin hiéu tra vé 12 dong chuan cong nghiép 4-20 (mA) théng
qua dién tro 500Q dé thanh dién ap twong tu 2-10 (VDC) twong Gng Voi mirc nudc 0-
45 (cm). Tt cac céc tin hiéu tuong tu vao-ra duoc thu thap boi card chuyén dung cua
hdng National Instrument (NI), PCI 6052e. M hinh duogc diéu khién hoan toan bang
Matlab ¢ ché d6 Real-Time Window Target.

Muc tiéu cua hé thong 1a thiét ké bo diéu khién phan ly don gian héa cho hé 2 ngd
vao-2 ngd ra. Trong d6 2 ngd vao 1a 2 dién ap diéu khién cap cho bién tan, 2 ngd ra la
chiéu cao mirc chit long & ca hai bon. Bo diéu khién phai dam bao dap ang c6 sai s6
xéc 1ap bang 0, thoi gian dap tmg du nhanh véi d6 vot 16 cang thap cang tot. Hon nira,
vé6i ki thuat phan ly don gian héa, sy anh huong qua lai gitra cac bién qua trinh phai
phai duoc giam thiéu. Trong (ng dung nay, khi mic chat long cia mot bon thay doi thi
khéng anh hudng dén muac chat long caa bon con lai, hoic néu cé thi anh huong nay

phai khong dang ke.
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Hinh 5.1 M6 hinh tng dung bon nuéc doi

Luu db nguyén Iy hoat dong bon nude duoc thé hién & hinh 5.2.

VA 0ZZ0

h1

e R @.
SR i
g x2
o

Hinh 5.2 Luu db nguyén ly hoat dong bon nudc

65

Twaowro



5.2.2. M hinh héa h¢ bén nuéc ddi

Str dung tin thiéu thar PRBS dé tao cip mau dit liéu vao-ra phuc vu qua trinh nhan
dang va danh gia mo hinh. Do hé ¢6 2 ngd vao 1a 2 dién ap (0-10VDC) nén ta st dung
ham idinput ciia Matlab dé tao 2 dang tin hiéu ngd vao PRBS vé&i 1000 mau dit liéu.

Chuwong trinh Matlab tao 2 tin hi¢u ngd vao
ul = idinput(1000, 'PRBS', [0 1], [0 10]);
for k = 1: 1000
inputl(k, 1) = k;
inputl(k, 2) = ul(k);

end
u2 = idinput(1000, 'PRBS', [0 1], [0 10]);
for k = 1: 1000

input2(k, 1) = k;
input2(k, 2) = u2(k);
end

Db thi cua tin hiéu ngd vao duoc biéu dién ¢ hinh (5.3), trong d6 600 mau dau tién

duoc ding cho viéc nhan dang, 400 mau sau luu lai diing cho viéc danh gia mo hinh.

100 200 300 400 500 600 700 800 900 1000
S6 mau

Bién ap (V)

o - [ w IS w @ ~ @ ©
T T T T T T

)

Hinh 5.3 Tin hiéu ngd vao cung cap cho may bom 1
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Dién ap (V)

”

100 200 300 400 500 601
S6 mau

700 800 900 1000

k

Hinh 5.4 Tin hiéu ngd vao cung cip cho may bom 2
Mt nuée & hai bon duoc thu thap va xir 1y trude khi dua vao toolbox nhan dang
ctia Matlab. Chuong trinh Simulink st dung cho viéc thu thap dix liéu duoc thé hién &
hinh 5.5.

PUMP 1 LEVEL SENSOR 1
. Analeg Analog 1
input1 » — »{In10ut1 | I
- ’ Output Input 0.85+1
rom i i To Workspace2
Workspace Analog Output2 Analog Input3 Fillter Low Disturbance 1 Tranfer Vo o Level 1
National Instruments National Instruments g
PCI-6052E [auto] PCI-6052E [auto]
PUMP 2 LEVEL SENSOR 2
. Analog Analog 1
input2 » — P{In10ut1 » 12
- ’ Output Input 0.85+1
rom i i To Workspace6
Workspace Analeg Output1 Analog Input4 Filter Low Disturbance 2 ...
Natienal Instruments Natienal Instruments g
PCI-8052E [auto] PCI-6052E [auto]

Hinh 5.5 Chuong trinh Simulink dung cho viéc thu thap dir li¢u

Theo hinh 5.5 ta thay tin hiéu tir cam bién s& qua bo loc théng thap vai thoi hang
T = 0.8 (s). Ngd ra cua bo loc s& qua khau chuyén doi tir dién ap sang mirc nudc va
duogc luu trir vao workspace (ving nhé ciia Matlab) dé sir dung. Do hé bon nuéc 13 hé
2X2 nén ma tran ham truyén caa hé c6 4 phan tir. Ta s dung cac mau dit liéu vao ra dé
nhan dang lan luot ting phan tir cia ma tran ham truyén cua hé thong. Dung toolbox
nhan dang va sau mét s budc lya chon md hinh ph hop ta c6 két qua sau & hinh 5.5

cho phan tir dau tién Pi(s).
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Measured and simulated model output

30

Best Fits
|P2D: 87.04

0 10 20 30 40 50
Time

Hinh 5.6 Két qua nhan dang mé hinh va danh gia

Ham truyén tuong tng la:

11.20e7065s

PulS) = 760095 + (0425 + 1) 6.1)

Tuong tu cho cac thanh phan con lai cia ma tran ham truyén, cubi cung ta dat duoc

ma tran ham truyén caa hé bon nudce nhu sau:

_ P11 P12]
) =1p,, P,
[ 11.20e 70655 0.92¢ 1825 ] (5.2)
_ 1(160.99s + 1)(0.42s + 1) (183.33s + 1)(6.73s + 1) '
- | 0.39¢~185s 10.84¢~0-68s |
| (140.4s + 1)(5.12s + 1)  (40.05s+1)(0.32s + 1) |

Dé don gian trong viéc tinh toan bo phan ly ciing nhu thiét ké bo diéu khién tuong

ng. Tac gia sir dung k§y thuat xap xi Padé 1/1 cho ham truyén G(s) [32], két qua xap xi:
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[11.20e7083  0.92¢75185]

16125 +1 186.7s + 1
6(s) |
() =1 039¢-4415  10.84¢-00%

[142.965 +1 4021s+1

(5.3)

5.2.3. Tinh toan bd phan ly va cic thong s6 bd diéu khién

Str dung k¥ thuét phan ly don gian hoa cho hé 2x2 véi phuong trinh tir 2.52 ta cd
cac két qua sau:
Céc phan tir caa ma tran phan ly:

P,y 0.036(40.21s + 1)

Lt — —-3.57s 54
P,, (142965 + 1) © (54

Dy = —

P,  0.082(161.2s +1)
P (186.7s + 1)

e—4.355$ (55)

Cac phan tir ctia qua trinh sau khi duoc phan ly ¢6 ham truyén nhu sau:

0.92¢51855  (039g441s
0u, = p,, _ PizPa1 _ 11.20e~°%%  (186.7s + 1) - (142.965 + 1)
et P, (16125 + 1) 10.84e~084
(40215 + 1)

11.20e7°835  0.033(40.21s + 1)e 8755

Qu (161.2s +1) (186.7s + 1)(142.96s + 1) (56)
0.928_5'1855 0.398_4'415
0., —p, _FPe _ 10.84¢~°%% (186,75 + 1) . (142.965 + 1)
22772 py (40215 + 1) 11.2¢7083s
(161.2s + 1)
10.84e7°8%  0.032(161.2s + 1)e~8765s
=0 ( ) (5.7)

227 4021s + 1) (186.7s + 1)(142.96s + 1)
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Str dung phuong phap khai trién Mclaurin nhu dé cap & muc 3.2 dé xap xi c4c thanh
phan duong chéo ctia ma tran sau khi phan ly (Q11 va Qz). Ta c6 két qua xap xi dat dugc

nhu sau:

_ 11.1669¢ 05255 58)
Qu1(8) = 76077395 ¥ 1 '

10.8086_2'18035
= 5.9
Q22(S) = 35 7eets + 1 (5.9)

Duya theo phuong phap dé xuat tim thong sé PID cho cac hé bac 1 c6 tré theo cac
cong thire (3.60) dén (3.63), ta tinh duoc cac thong sé cua hai bo diéu khién PID cho hai
thanh phan duong chéo ciia ma tran sau khi dugc phéan ly nhu sau:

Bang 5.1 Thong s6 bo diéu khién va bo loc cho hé bon nudéc

Loop K. T; 75 Bo loc PID B6 loc ngd vao
. 2 i
1 16055 0341 01066 f——203>s5+1 foo 22833541
0.03755Z + 0.0215s + 1 2.833s + 1

B 5.801s + 1 _ 0.5801s +1
"~ 0.0291s2 4+ 0.1338s + 1 fr= 5.801s + 1

2 0.2127 08721 02725 f

Str dung két qua tinh toan dugc ta mé phong trén Matlab:

s g
> *In1  Out! > / out1_sd
den(s) 1612541 =
Step Transport To Workspace
SP filter1 PIDA1 G11 Delay
numis) 0.92
> f » !
186.7s+1 186.7s+1
Transport Transport
D12 Delay4 G12 Delay1
num(s) 0.39
> f > !
den(s) den(s)
Transport Transport
D21 Delay5 G21 Delay2
o e sim Outt o)
Stent den(s) 4021541 Transport
Pl SPierz PID2 G22 De|a§3 To Workspacef

Hinh 5.7 So db Simulink cua bd diéu khién
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Hinh 5.8 Bap (g mé phong cua mirc nudc ¢ bon 1

1-2 T T T T
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0.4
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Time (s)
Hinh 5.9 Dap (g mé phong cua mirc nudc & bon 2
5.2.4. Thye thi bd diéu khién trén mé hinh that

So do bo diéu khién bao gom bo phan ly don gian hoa va bo diéu khién PID dé

Xuat duoc thé hién trong hinh 5.10. Luu ¥ so dd Simulink nay duogc thiét ké dé chay
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ché do thoi gian thuc (Real-Time) cua Matlab véi su hd trg cia Card thu thap di lidu
PCI-6052E cua hang NI (National Instruments).

» Cv1

CAM BIEN MUC
To Workspace1

CAM BIEN 1
Analog Analog [
e . ! Cutput Input P InT0utt >
s Analog Outputi Analog Input3 - Scope1
P! National Instruments National Instruments Fitert
PCI-6052E [auto] PCI-6052E [auto]
To Workspace
My2
> V2
To Work: 3
o Horkspace CAM BIEN MUC To Workspaced
. , o CAM BIEN 2
nalog
30 B U >
Cutput
’ racs slintoui N[
572 Saturation Analog Output3
piD2 Mational Instruments Analog Input1 Scope?
PCI-6052E Jauto] National Instruments Fitter2

PCI-6052E Jauto]
Hinh 5.10 So d6 Simulink caa bo diéu khién chay ché d6 Real-Time
Pép tmg dau ra caa hé thong nhu sau:

- Pap tng mtc nude ¢ bon 1, gia tri dit bang 300 mm
35¢

30 / N—— —
/ =
25 PV

level (cm)
N

o

—

[Eny
a1
\

10 /
5

0 10 20 30 40 50 60 70 80 90 100

time (s)

Hinh 5.11 Pap ting muc nude & bon 1, gia tri dat bang 300 mm

72



- Pap tng mic nude ¢ bon 2, gia tri dat bang 300 mm
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60
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100

Hinh 5.12 Bap ttng mic nudc ¢ bon 2, gia tri dat bang 300 mm

- Pap tng mic nude ¢ bon 1, gia tri dat bang 200 mm

22
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16
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12

level (cm)
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A\,
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[
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PV ||
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40

50
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60
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100

Hinh 5.13 Pap ttng mirc nudc ¢ bon 1, gia tri dat bang 200 mm
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- Pap tng mic nude ¢ bon 2, gia tri dat bang 200 mm

45

40

P
35 / iv i
30 /

25 /
20 /
15 /
10 /
./

J

level (cm)

0 10 20 30 40 50 60 70 80 90 100
time (s)

Hinh 5.14 Bap ttng mic nudc ¢ bon 2, gia tri dat bang 200 mm
5.2.5. Nhan xét

Qua qué trinh thuc thi bo diéu khién phan Iy cho hé bon nuée ddi ta dat duoc céc két
qua sau :
- Nhan dang va méd hinh héa dugc hé bon nuéc doi
- Dua trén md hinh nhan dang va ly thuyét bo diéu khién phan ly don gian cho hé
2X2 Ma tac gia da nghién ctu, tac gia tinh toan dwoc ma tran ham truyén bo phan
ly va str dung phuong phap dé xuat dé thiét ké bo diéu khién PID cho hé da bién
tuong ung.
- Két qua md phong thuat toan phan ly va diéu khién rat tot. Pap tng mac & ca hai
binh khéng c6 vot 15 va sai s6 xac 1ap bang 0.
- Céc thong sb tinh toan sau khi md phong dugc ap dung truc tiép trén hé théng that
cho két qua gan nhu khi mé phong. Dap ang muc chat long ¢ ca hai bon khi khao

sat nhiéu truong hop khac nhau cho két qua kha tét.
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5.3. Ung dung diéu khién thap chung cat Ethanol va Nwéc (hé 3x3)

Ngay nay, cac phuong phap dugc st dung dé nang cao do tinh khiét: trich ly, chung
Cit, c¢b dic, hap thu...Tuy theo dic tinh yéu cau cia san pham ma ta c6 sy lya chon
phuong phap thich hop. Bdi véi hé Ethanol - Nudc 1a hai cdu tir tan 1an hoan toan, ta

phai dung phurong phap chung cit dé nang cao do tinh khiét cho Ethanol.

5.3.1. Thiét ké - ché tao md hinh thuc nghiém

Viéc thiét ké va ché tao md hinh thuc nghiém duoc thuc hién trong dé tai cap bo,
“Nghién ciru va ché tao thdp chung cdt hon hop Ethanol va Nuéc cong sudt 100
lit/ngay”. Dudi day 1a mo hinh thiét ké 3D.

- Thiét ké mé hinh thap chung cat

iy
N

58
s

— .

—

ol il

‘.""F

a
-
\
<

.
-
3

.
3
»

.
2.
»
-

Hinh 5.15 Mo hinh thiét ké 3D thap chung cat
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- Ché tgo md hinh thap chung cat

Hinh 5.16 M6 hinh thap chung cat Ethanol va Nuéc
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W Auy des b4
PP NS S et AR TR R LR TR

Hinh 5.17 Thiét bi diéu khién thap chung cat Ethanol va Nuégc
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5.3.2. Luu do thiét bi (P&ID) ciia thap chung cat

GAI9
~1 -~
- Thiét bi ngung tu
) —
N g
""" @ R4
e @ Thung| =
FV3 Phan { =
dong| =
S S G
Thap
chung
V7¥o——
R3_ 4@ 2
B3
; San phim day San pham dinh
I | @ 1 I 1 [
R1 -
Thung nguyén li€u

Hinh 5.18. Luu dd mé hinh hé thdng thap chung cit Ethanol va Nuéc

Trong do:

V1, V2,V3,V4,V5, V6 vaV7
R1, R2, R3vaR4

FV1, FV2vaFV3

N1, N2, N3, N4 va N5

FC1, FC2

TC1, TC2, TC3vaTC4

LC1, LC2

B1, B2

B3

Nudce

La Van ON-OFF
La dién tro gia nhiét

La Van tuyén tinh

L& s6 tray thap chung cat

La bo diéu khién luu luong
La bo diéu khién nhiét do

La bo diéu muc

La bom dinh lugng

La bom ly tam
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Miéu ta qud nguyén Iy hoat déng ciia thap chung cat

Hon hop Ethanol va Nudc ban dau c6 ndng d6 cua Ethanol khoang 60% duoc dua
vao Thung nguyén liéu, trong thing chira c6 thiét bi gia nhiét (R1) dugc diéu khién boi
bd diéu khién (TC1) hon hop 1én nhiét d6 60°C. Theo d6, hdn hop duoc bom qua thiét
bi gia nhiét (R2) dén nhiét do 80°C va duoc didu khién boi bo diéu khién (FC1) cép vao
thap thong qua van (V1, V2, V3, V4 hoat V5), hdn hop dugc chiée tach thong qua cac
mam xuyén 16 ctia thap chung cat, Ethanol dugc bay 1én dinh thap dén thiét bi ngung
tu, trudc d6 thiét bi bom nude 1am ngudi da duoc bat ON, ké tiép Ethanol duoc thu hoi
vé (thung phan dong) dé kiém tra ndng do thong qua (con ké hoat may do phdn tich) va
bé diéu khién (LC2). Néu san pham dat ndng do theo yéu cau thi van (V7) mé ché do
ON dé san pham vé thung (San phim dinh). Néu san phdm chua dat thi bom (B2) hoat
dong dé bom san pham vao thiét bi gia nhiét (R4) 1én khoang 90°Cthéng qua van (FV3)
vao thap. San pham c6 ndng d6 thap s& lan lugce chay xudng cac mam xuyén 16 dé vé
bon gia nhiét (R3) cho dén khi hdn hop dat muc thp thi thiét bi gia nhiét trong day thap
duoc nung 1én 92°C théng qua bo diéu khién nhiét (TC3). Trong thap, hoi di tir duédi 1én
(N5 dén N1) gip chat long di tir trén xudng (N1 dén N5). O day, c6 sy tiép xtic va trao
d6i giita hai pha véi nhau. Pha long chuyén dong trong phan chung cang xubng dudi
cang giam ndng d6 cac cau tir d& bay hoi vi di bi pha hoi tao nén tir bon gia nhiét 16i
cudn cau tir d& bay hoi, nén khi hoi di qua cac dia tir tray N5 18n N4, N3, N2, N1 thi cdu
tlr c6 nhiét d6 so6i cao 13 nudc s& ngung tu lai, cudi cing trén dinh thap (N1) ta thu duoc
hdn hop cé Ethanol c6 ndng d6 cao, hoi nay di vao (thiét bi ngung tu) va ngung tu lai
va di chuyén vé (thing phan dong). Qua trinh chung cét hoat dong lién tuc cho dén khi
mot phan cua chat 1ong ngung tu dugc hoan luu vé thap & dia trén cing théng qua bod
diéu khién gia nhiét hoan luu. Mot phén cAu tir cAu tir c6 nhiét do soi thép dugc bde hoi,
con lai cdu tir 6 nhiét do s6i cao trong chit 16ng ngay cang ting va chay xubng day.
Cudi cung, & day thap thu dugc hdn hop 16ng hau hét 13 cac ciu tir kho bay hoi (hdn hop
va Nudc). Khi hdn hop 16ng & day thap 1én mirc (LC1) thi duge van (V6) mé 1én ON dé
xa vao bon chtra san pham day. Qua trinh trén duoc hé thong lam viéc lién tyc cho ra

san pham dinh 13 Ethanol, san pham day 1a Nudc.
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5.3.3. So’ d6 khéi bo diéu khién ciia h¢ thong

Luu dd nguyén Iy hoat dong thap chung cat Ethanol va Nudc dugc thé hién & hinh
5.18. M6 hinh duoc diéu khién bang Matlab str dung Real Time Window Target vai su

hd trg cua card PCle 6323. CAc tin hiéu vao, ra nhu sau:

L MCB
N ] ]
220 VAC ] 1 Monit
X onitor
Nguodn
+24 | GND CPU 1
—— 0-10VDC 1-5VDC 242
—| B6 chuyén Bo cong | Tai tr&
Thermocouple 1 35i Y, U, Ssuat 1 0~220 VAC
< 0-10VDC i I | 1-3VDC 242
[ B6 chuyén 'Real Time ] | Bocong | Tai tro
Thermocouple 2 b Y, Window Target u, X 0~220 VAC
-—] Ol 1 r suat 2 |—o
4—20 mA = Y O—;VDC 4-20mA
- 0-10VDC = .
Cam bién — Dong y u i PCle 6323 ao1 K o | Ap sang [—| Van tuyén
lwu lwgng ] sang ap 1 ! _1T__ dong | tinh
A2 AO2 -
= AI3 AO3
GND
I
=

Hinh 5.19 So db khdi bo diéu khién

= Dién ap cap cho van diéu khién, us, (0-5 VDC), do van tuyén tinh chi nhan tin
hiéu diéu khién 1a dong chuan cong nghiép 4-20 mA nén ta st dung bo chuyén doi tin
hiéu tir 4p sang dong. Lwu hwong cép liéu trong tng 1a Fin (lit/phat) dugc do bang cam
bién luu lwong vai tin hiéu tra vé 1a dong 4-20 mA. Mot bo chuyén doi tin hiéu ciing
duogc sir dung dé chuyén dong thanh dién 4p twong tu trong tng va duoc doc bai cong
vao tuong tu (Al) cua card PCI.

= DPién ap diéu khién cong suat gia nhiét bon cap liu, uz, (1-3 VDC). Gia trj dién
ap twong tu (analog) diéu khién duoc gigi han con 3 VDC thay vi 5 VDC dé tranh truong

hop qué cong suat cho thanh dién tro gia nhiét cap liéu. Ngb ra twong ung la nhiét dé
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cap liéu (Tin °C). Tuong tu nhu trén, mot bo do nhiét 46 khac duoc sir dung va tin hiéu
tra vé ciing 1a dién 4p twong ty 0-10 VDC.

= DPién ap diéu khién cdng suat gia nhiét bon day, us, (1-5 VDC). Nhiét 6 tuong
ng 12 nhiét do bén day (Tbot °C). Mt bo do nhiét 46 duogc st dung dé do gia tri nhiét
d6 twong (ng Vai tin hiéu tra vé 13 dién ap tuong ty 0-10 VDC.

Do d6, trong gidi han cua luan &n, viéc diéu khién thap chung cat da thiét ké chi
giéi han dén hé da bién 3x3 véi 3 bién can diéu khién 1a: nhiét dg bon ddy (y1), nhigt
d¢ cua dong cdp ligu (y2) va nhiét dg cap ligu (ys).

Trong pham vi caa nghién cuu, tac gia khong di sau phan tich dong hoc cua qua
trinh chung cat. Cac thdng s6 cong nghé cé duoc théng qua thuc nghiém nhiam dat duoc
y&u cau vé san pham chung cit (néng do ethanol sau khi chung dat tir 90 — 95%). Muc
tidu cua bo diéu khién nham duy tri diém 1am viéc cua cac thdng sé cdng nghé (nhiét do
day, nhiét d6 dong cap liéu va luu luong cap liéu). Bén canh d6, véi ki thuat phan ly
don gian hoa, bo diéu khién con giam thiéu anh huong 1an nhau cua cac bién qua trinh
khi c6 mot su thay ddi bat ky trong hé thong.

Ma tran ham truyén vong hé caa hé duoc bidu dién dudi dang sau:

V1 Pi1(s)  Pip(s)  Pis(s)|[wa
V2| = |P21(s)  Pya(s) Pa3(s) [uZI (5.10)
Y3 P31(s) Ps(s) Psz(s)fLUs

Trong d6 U1, Uz VA U3 lan luot 1a cac tin higu diéu khién twong tng
Pé don gian hoa viéc nhan dang, mé hinh hoa ta c6 cac nhan xét sau dua vao nguyén

ly hoat dong va ban chat vat Iy caa cac bién qué trinh:

- Nhiét do bon day khong phu thudc vao hai bién con lai, do d6 ta co:
Plz(s) = PlS(S) =0

- Luu luong cap liéu khdng phu thudc vao hai théng sb nhiét do, do do ta ciing co:

P31(S) = P32 (s)=0
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- Nhiét d6 dong cép liéu phu thudc vao ca hai bién qua trinh con lai (nhiét do bon
day va luu luong cap liéu). Tuy nhién, khi diéu khién nhiét d6 dong cap liéu ta xem
nhu nhiét d6 bon day va luu lugng cap liéu khong thay d6i. Khi d6 vai trd ctia cac
bién nay dugc xem nhu 1a nhidu qué trinh.

Vi cac nhan xét trén, ta c6 ma tran ham truyén cua hé dugc viét lai nhu sau:

V1 Py1(s) 0
V2| = |P21(5) Pzz(s) P23(5) [ (5.11)
Vs 0 Pys(s)

5.3.4. M6 hinh héa thap chung cit sir dung phwong phap thuc nghiém

Tuong ty nhu trudng hop cua hé bon nude (2x2), trong truong hop ndy tac gia ciing
st dung tin hiéu thir && nhan dang 1a PRBS. Thoi gian 1ay mau caa ca hé dugc chon sao
cho phu hop véi dap tng caa luu Iuwgng va nhiét do. Trong truong hop nay chon thoi

gian lay miu caa ca hé 1a T = 0.1(s) va dugc thuc hién trén mo hinh thap chung cat.

So dé khoi bé thu thdp di# ligu cam bién ciia hé thong Thdp chuwng cat

Analo 1 :
Inpu‘cg i1 » Fin
Luu luong =i To Workspace2
National Instruments
PCle-6323 [auto] 4’%

Constant1

Constant
Analog 20
Input 1 2s+1 @
Nhietdo day Filter 1 To Workspace
National Instruments 1)

P Cle-6323 [auto] Thot

Analog 20
Input 1 2641 @

To Workspace1

Nhietdo cap lieu Filter 2
National Instruments

PCle-6323 [auto] “%)

Hinh 5.20 So d6 khéi bo thu thap dix liéu cam bién cua hé théng Thap chung cét
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Hinh 5.21, 5.22 va 5.23 lan luot 1a cac cap dir liéu vao-ra ding dé nhan dang mo
hinh cua cac bién qua trinh: nhiét 46 day, nhiét d6 dong vao va luu luong vao. Tong sd
mau 1a 2500 (mAu) vai thoi gian ldy mau T = 0.1(s). Trong d6 2000 mau dau tién ding
dé nhan dang va 500 mau sau dung dé d4anh gia mo hinh nhan dang dwoc. Luu ¥, cdc tin
hiéu nay sau khi thu thdp dé liéu thong qua Card PCI dd dwoc tién xir ly bao gom loc

nhiéu, tre offset (1éch khéng) ban dau cua céc tin hiéu.

L
0 500 1000 1500 2000 2500

| | |
0 500 1000 1500 2000 2500
S6 miu

Hinh 5.21 Cip di liéu vao-ra dung dé nhan dang cua Bién nhiét d6 bon day

2 T
S
~1r _
=
0 1
0 500 1000 1500 2000 2500
40 T
) 20+ T
-
[ 0 4
_20 | | | |
0 500 1000 1500 2000 2500

Hinh 5.22 Cip dit liéu vao-ra dung dé nhan dang cia Bién nhiét ¢6 dong vao
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0
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F_(I/min)

i

e

o
T

0 | |
0 500 1000 1500 2000 2500
S6 mau

Hinh 5.23 Cip dit liéu vao-ra dung dé nhan dang cuaa bién luu lwong dong vao

Qua trinh nhan dang ding cdng cu nhan dang cua Matlab (Ident Toolbox). Ban chat
d6ng hoc cuia cac qua trinh nay déu 1a cac khau bac 1 hoic bac 2 ¢6 tré. Do d6, budc lya
chon phuong phap nhan dang nén chon kiéu “Process Models” ¢6 tr& véi sb cuc 1a 1
hoic 2. Trong trudng hop do twong thich trong budc danh gia van chua dat yéu cau (toi
thiéu Ion hon 90%), ta c6 thé thém nghiém zero. Sau cac budc lya chon, ta c6 dugc md
hinh nhan dang dugc cho ting bién nhu sau:

Hinh 5.24 mé ta két qua nhan dang nhiét d6 bon day véi két qua 1a hé bac 1 co tré

c6 thém nghiém zero, nhu phuong trinh (5.12)

Impurtdala Import models v

Operations

— Praprucess M‘
uataTbot dalaTbule P1DZ

Color: .00

-|:| H H model with transfer function: ~

14Tz
dahﬂbmv Cls) = Ep * exp (-Td¥s)

Transient Response; ul-=y1 14Tpl
File Options Style Channel Help Ep = 10.13%
Tpl = 1127.9
Td = 37.30;
Tz = -2.8268

Step Response z
A
T T

<

Diary and Notes

% Import dataTbot
4r 7 dataTbote = dataTbot([1:20011)

2l 4 Opt = proces tOptions;
P1DZ = procest (dataTbote, 'FIDZ', Opt);

I L L I L I
0 1000 2000 3000 4000 5000 6000 7000

Hinh 5.24 Két qua ctia qua trinh nhan dang dic tinh luu lugng

84



Ham truyén nhan dang duoc cua dic tinh nhiét ¢6 bon day:

Yi(s)  10.139(1 + 2.8268s)e 37302
Ur(s) (1127.9s + 1)

(5.12)

Theo phuong trinh (5.12) ta thoi hang cua khau sém pha nho hon nhiéu so véi cac
thoi hang con lai cua ham truyén. Do dé, dé c6 thé &p dung duoc cac cong thire thiét ké
bo diéu khién PID da dé xuat (myc 3.3), ham truyén (5.12) dwoc xap xi bang phuong
trinh (5.13)

Y,(s)  10.139¢3%4752s

- (5.13)
U,(s)  11279s+1
12 IStep Responsel | |
---ham géc
—— ham xap xi
10 =
8 [ -
2 6.1019 | o
:‘g 6.1019
E‘ 6 6.1019 -
< 6.1018 =
4 [ 6.1018 '
6.1018 [ o
2 L 6.10138 ."-"‘
6.1018 L
6.1017 |- -
0 \ \ ! it
0 1000 2000 3000 4000 5000 6000 7000

Time (seconds)

Hinh 5.25 So sénh dap tGmg budc cua ham goc va ham xap xi (5.12) va (5.13)

Hinh 5.26 md ta két qua nhan dang caa nhiét do cap liéu, két qua md hinh hoa 1a hé

bac 2 c0 tré nhu phuong trinh (5.14)
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Import data w Import models w
* Operations. l

- - = PreDrU oS = ‘ ‘ ‘ ‘ ‘ ‘ ‘

@ dataTine 1‘ | P2D

-

=2 dataTine | || || || |
Working Data
Transient Response: ul->y1 = B
File Options Style Channel Help
Step Response
T T T
6L i
5L 4
44 i
3k 4
N i
1k i
0 1 1 Il 1 1 1 1 1
0 100 200 300 400 500 600 700 800 900
Time

Mogel name:
PZD

Color:
[1,0.6,0.7]

Process model with transfer function:
Ep
Gls) = ——————————————— - -

(14Tpl*s) (14Tp2*s)

exp (-Td*s)

Ep = 6.6232
Tpl = le-0&
Tp2 = 145.18

Hinh 5.26 Két qua nhan dang cua nhiét do cap liéu

Ham truyén nhan dang duoc cé dang:

Y,(s)

6.6232¢2->81s

Uy(s) (145.1837s + 1)(107%s + 1)

Td = Z.581
]
Moamn- man
£ >
Diary and Notes
A
% Import dataTin
dataTine = dataTin([1:200171)
Opt = procestOptions;
DID = procest (dataTine, 'D2ZD', Opt);
v

Do hai thoi hang cia khau bac 2 & phuong trinh trén c¢6 sy chénh Iéch 16n, nén tac

gia xap xi ham truyén vé hé bac 1 c6 tré nham don gian hoa viéc thiét ké bo diéu khién.

Két qua xap xi thé hién & phuong trinh (5.15)

Y,(s)  6.6232¢72581s
Uy(s) 145.1837s+1

(5.15)

Hinh 5.27 la qua trinh mo hinh hoéa bién luu luong dong vao. Luu y trong truong

hop nay di bo qua anh hudng cua hai bién qua trinh con lai (coi nhu khong d6i) va xem

nhu d6 13 anh huong caa nhidu qué trinh. Két qua nhan dang 1a hé bac 2 ¢6 tré nhu

phuong trinh (5.16)
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Model name:

FZD
Import data W Import models
Operations
Color:
i N T .
<— Preprocess v
dataF dataFe 1‘ P20 P3D
Process model with transfer function: L

VRtrrlinm Mintn

dataFv ' Ep
’—‘—’—‘ = | atae | ” ” Els) = ————mm—mm—mm—mmme “ exp(-Td*s)
)

(1+Tpl*s) (1+Tp2*s)

File Options Style Channel Help

Transient Response; ul-=>y1 ¥p = 0.0082014

Tpl = 33.404
Tpz = 37.463
Td = 2.0814

Step Response N
001 T T T T T T T < v
0.008 Diary and Notes
0.008 "
% Import datal
0.004 dataFe = dataF([1:30001)
Opt = procestOptions;
0.002 PID = procest (dataFe, "'P2ZD', Opt);
I I I I I I I hd
0 | | | | | | |
0 50 100 150 200 250 300 350

Time Present Close Help

Hinh 5.27 Két qua ctia qua trinh nhan dang dic tinh luu lugng
Ham truyén nhan dang duoc nhu sau:

Ya(s) 0.0082¢~2:0814s

Us(s) ~ (39.404s + 1)(37.469s + 1) (5.16)

Pé don gian trong viéc tinh toan bo phan ly ciing nhu thiét ké b diéu khién twong ung.
Téc gia sir dung quy tic “mét niza cua Skogestad” (Skogestad’s half rule) [42], ham
truyén xap xi duoc ¢6 dang nhu sau, phuong trinh (5.17)

Y3(s) _ 0.0082¢720815%
Us(s)  58.1358s+1

(5.17)
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%103 Step Response

9 T T T T T T
8- - —
71 ——— ham géc
ham xap xi
6 [ -
2
257 7
-]
E4- .
<
3 L -
2 [ -
1 - -
0 F | | | | | | | |
0 50 100 150 200 250 300 350 400 450

Time (seconds)
Hinh 5.28 So sanh dap Gmg budc cia ham goc va ham xap xi (5.16) va (5.17)
5.3.5. Két qua diéu khién
% MO0 phéng s dung Matlab
Sau khi nhan dang md hinh thap chung cét dwa vao 3 bién qua trinh: nhiét d6 bon
day, nhiét d6 va luu luong dong cap liéu, ta ¢ cac thanh phan duong chéo cua ma tran
ham truyén (sau khi phan ly) c6 dang nhu sau:

10.1396_34'47525

(5.18)
1127.9s + 1

Q11(s) =

6.6232¢-2581s
_ 5.19
Q22(8) = 17518375 1 1 (5.19)

0.00826_20'81595
58.1358s + 1

Qs33(s) = (5.20)

Str dung phuong phap thiét ké bo diéu khién PID dé& xuét cho hé bac 1 c6 tré
(FOPTD) ta tim duoc c4c théng sé cta bo diéu khién va bo loc twong ttng cho ca ba

vong diéu khién. T4t cac cac thdng sb duoc tong hop trong bang 5.2
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Bang 5.2 Thong s6 bo diéu khién va bo loc cho thap chung cét

Loop K. T, Th Bo loc PID B loc ngd vao
185.9973s + 1 1859975 + 1
1 01302 14.9208 46628 f — 85.9973s + £ o 185997541
5343452 + 47.53955 + 1 185.997s + 1
14695 + 1 91475 + 1
2 00454 10324 03226 f=_ oo 4095t foootrs L
0.7751s2 + 0.2897s + 1 39.1469s + 1
3 315357 83264 26020 fo_-ool7astl £ o802t 1
2.843652 + 14.3204s + 1 486175 + 1

Dua trén cac thdng sé diéu khién bang 5.2, tac gia thiét ké bo diéu khién st dung
phan ly don gian hoa va bo diéu khién PID sir dung Simulink ctia Matlab. So d6 b diéu
khién thé hién ¢ hinh 5.29.

Cac két qua mo phong dat dugc nhu mé ta & hinh 5.30, hinh 5.31 va hinh 5.32.

E—- ’;::(:) l I Outt In1 Outt in1 Q11 | out1_sd |
Step ) To Workspace
SP filter1 PID1 »in2 ou2 »in2 Q22 »f out2_sd |
To Workspace1
In3 Qut3 in3 Q33 N out3_sd |
num(s) »:) In1  Out1 To Workspace2
Step den(s) Simplified Decoupling Thap chung cat
SP filter2 PID2
[T num(s) ) i1 Outt
den(s
Step2 )
SP filter3 PID3

Hinh 5.29 So d6 Simulink caa bo diéu khién chay ché d6 Real-Time
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- Két qua mo phong dap tng nac nhiét 6 bon day

1.2 T T T T T T T

0.8 - .
= 0.6 -
0.4 H :
0.2 5 i
0 ‘ : : . . . . . |
0 100 200 300 400 500 600 700 800 900 1000
Time (s)
Hinh 5.30 Pap tng nac nhiét do cia bon day
- Két qua mé phong dap wng nic nhiét ¢ dong cap liéu
1.2 T T T T T T T
il
0.8 i
0.6 i
0.4 - .
0.2 i
0 ' : ‘ . . . ‘ . .
0 100 200 300 400 500 600 700 800 900 1000

Time (s)

Hinh 5.31 Pap tng nac nhiét do dong cép liéu
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- Két qua mé phong dap ng nac luu luong cap lidu

1-2 T T T T T T T T T

0.8 - .

0
0 100 200 300 400 500 600 700 800 900 1000
Time (s)

Hinh 5.32 Pap tng nac luu luong cap liéu
T cac hinh (5.30) — (5.32) ta thay dap (g mé phong cho két qua rat tot. Sai s tinh
theo tiéu chuan da dé cap & muc 3.4, IAE = 812.2369; khong c6 do vot 15 trong ca 3 dap
mg. Pay 13 co s quan trong dé tac gia thyc thi bo diéu khién trén mé hinh that.

% Diéu khién thei gian theec

Trong truong hop nay so dd Simulink duoc cai dat chay ché do thoi gian thuc (Real-
Time Window Target). Do d6 khdi “OUT TO COLLUMN?” thuc chat 1a xuit céc tin
hiéu diéu khién théng qua Card thu thap dix liéu (PCI 6323¢) dé diéu khién truc tiép doi
tuong that. Khdi “ANALOG IN” duoc st dung dé doc cac tin hiéu tir cam bién (nhiét

d6 day, nhiét d6 dong cap liéu va luu luong cap liu).
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| ML st Outt Int outt int oot} NHIET DO DAY

den(s)
In2 out2 in2 Tin oI ]
NHIET DO
—

SP filter1 PID1
In3 Out3| in3 Fin CAPLIEU

num(s) .
= dene) i Out

SP2

Simplified Deccupling QUTTO  ANALOGIN

SP filter2 PID2 COLLUMN

LUU LUONG
CAP LIEU

num(s) "
= dne) O out

SP3

SP filter3 PID3

Hinh 5.33 So db Simulink caa bo diéu khién chay ché do Real-Time

% Cdu trac bg dieu khién PID dé xudt

D
In1

h 4
V_i_l
@
Q
3
—_

E num(s) N
den(s)

Out1

PID filter

Gain  Integrator

—{ut_sd]
To Workspace6
Gain2 Derivative

—+{et_sd]

To Workspace3

Hinh 5.34 So d6 cau truc bd diéu khién PID dé xuat cho hé thong thap chung cat
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% So do khéi bg xudt tin higu diéu khién cia hé thong Thdp chung cat (out to

collumn)

]

Y

Scope

Al
(I) - 7|£ v Dnu?pl:ﬁ

In1

Saturation2 Valve,

Mational Instruments
PCle-6323 [auto]

]

-

Scopel

Analog
C 2} > 7|£ 7| Output
Saturation3 Nhiet do day

Mational Instruments
PCle-6323 [auto]

o ]

Scope2

Anal
@ © 7|C o Dnu?plilgt

In3 -
Saturation

Gia nhiet cap lieu
Mational Instruments
PCle-6323 [auto]

Hinh 5.35 So d6 khéi bo xuét tin higu diéu khién cua hé thong Thap chung cat

Hinh 5.36 la h¢ thng thap chung cat sau khi hoan thién bao gom phan mé hinh co
khi va ta diéu khién twong tng. Dé giam thoi gian chung cit nén ndng d6 con ngd vao
duogc pha lodng khoang 60%, con ngd ra sau mot lan chung cat duoc khoang 90% (chua

c6 hdi luu).

Do thi dap ung cuaa cac théng sb cong nghé dugc md ta trong hinh 5.37, hinh 5.38
va hinh 5.39. Céac dir liéu dugc thu thap trong 1000(s).
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-
711

-

Hinh 5.36 Thap chung cét sau khi hoan thién

Két qua dap Gng cua bién nhiét do bon day khi mé phong va thuc nghiém
70 T T - I_ T - - - T T

60 S— _ 5
——Dap rng that
—Dap trng moé phéng

50 .

Nhiét dé
(] =Y
o (=]

N
o
I
1

-
o
1

o 1 1 | 1 1 | 1 1 |
0 100 200 300 400 500 600 700 800 900 1000

Time (s)

Hinh 5.37 Két qua diéu khién bién nhiét d6 bon day khi mé phong va thuc nghiém
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- Két qua dap ung cua

80 .

bién nhiét do

cap liéu khi md phong va thuc nghiém

Nhiét dé
(%] -3 (4] (=7]
(=] (=] (=] (=]

N
o

10

0 1

—— Nhiét do that
—— Nhiét dd md phéng

0 100

200 300

400 500 600 700 800 900
Time (s)

1000

Hinh 5.38 Két qua diéu khién bién nhiét do cap liéu khi mé phong va thuc nghiém

- Két qua dap ung cua bién luu luong cap lidu khi md phong va thuc nghiém

1.2 .

e
(=]
T

(=]
(=2]
=T

Lwu lwong (I/p)

e
'S

0.2

0 1

—— Luwu lwong that
— Luu lvgng mo phong ||

0 100

Hinh 5.39 Két qua diéu khién bién luu luong cap liéu khi md phong va thuc nghiém
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400

500
Time (s)
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Nhdn xét:

Tir d6 thi ta thdy cac thong sé céng nghé ctia qua trinh chung cit Ethanol va Nugc
dugc diéu khién rat tot. Cac dap tng thé hién tuong tu nhu két qua mé phong dat duoc,
chirng t6 qua trinh mé hinh hoa va tinh toan phén ly hiéu qua. Su sai léch gitra dap ung
that va mé phong chu yéu do sai sé mé hinh trong qua trinh nhan dang hé thongl

Do diéu kién thyc té, tac gia khong thé so sanh phwong phap dé xuit véi cac phuong
phap khac da dé cap trong phan md phong. Tuy nhién, dé tang tinh thuyét phuc vé hiéu
qua cua bo diéu khién dé xuat, tac gia da so sanh két qua moé phong trén mo hinh nhan
dang duoc vai két qua thyc nghiém trén thap chung cat thyc té. Tir hinh 5.37, hinh 5.38
va hinh 5.39, ta nhan thay hinh dang dap ng cua cac ngd ra twong dong nhau. Chi tiéu
chat lugng tinh theo tiéu chuan danh gia sai s6, IAE = 1771. Mac di gia tri nay gap doi
gia tri IAE mé phong, nhung diéu nay hoan toan thuc té vi dap ang md phong & trang
thai xac 1ap luon khong d6i nén Ae s& bang 0. Diéu nay c6 nghia 1a gia tri IAE mé phong
cha yéu phan anh sai s6 cta qué trinh qua do. Con trong bai toan thuc nghiém, gia tri
that ctia ngd ra luon thay doi, ké ca ¢ trang thai xac lap (thay d6i nho), diéu nay s& dan
dén gié tri IAE tang cao.

M6t s6 hinh anh mé ta két qua dat duoc sau qua trinh chung cat.
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Hinh 5.40 Qua trinh 1y mau kiém tra ndng d6

Nong do Ethanol truée khi chung cat Nong do Ethanol sau khi chung cdt
Hinh 5.41 Két qua thyc thi bd diéu khién trude va sau khi chung cat
5.3.6. Nhén xét

Qua qua trinh tng dung cac nghién ctu 18n hé théng thap chung cat tu ché tao, tac
gia da dat duoc cac két qua sau:

— Dua vao khao sat cac thong sé cdng nghé anh hudng dén thanh phan nong do
dau ra cua qua trinh chung cat, tac gia da mé hinh héa va nhan dang hé théng vai 3 bién
chinh: nhiét dg bon day, nhiét @ cap liéu va leu lwong cap lidu. Tir d6, dong hoc hé
thng c6 thé dugc mo ta boi ma tran ham truyén 3x3.

— Ap dung cac nghién ciu vé bo phan ly cho hé 3x3 d3 trinh bay & chuong Iy
thuyét, tc gia da tinh toan ma tran phan ly cho hé 3 bién va giai quyét duoc 2 van dé
quan trong nhat cia bai toan phan ly 1a van dé nhan qua (causality) va hién thuc hoa
(realization).

— St dung phuong phap dé xuat dé thiét ké bo diéu khién PID cho hé théng sau
khi phan ly.
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— CAc két qua tinh toan duoc &p dung truc tiép 18n hé thong that va dat két qua
kha tét & 3 bién diéu khién 1 nhiét do bon day, luu lwong cap liéu va nhiét d6 gia nhiét
dong cap liéu.

— San pham dat duoc ting ndng do tir gan 60° dau vao thanh hon 90° chi sau mot
lan chung cat (chua hdi luu).

Han ché:

- Téc gia chua nghién ctru sau vé dong hoc cua qua trinh chung cit ma chi nhan
dang dua trén dir liéu thuc nghiém. Chua mé hinh hoéa toan bd qua trinh hoat dong cua
thap ma chi tap trung vao 3 bién.

- Phuong phap dé xuat chi 4p dung trén md hinh tu ché tao nén con nhiéu han
ché. Bén canh d6 phuong phap phan ly ciing chi pht hop vai hé bac thap (tir bac 4 tro
xuéng) vi van dé hién thuc hoa (realization). Pbi voi hé théng san xuét 16n (large scale)
nén két hop phuong phap dé xuat cho cac vong diéu khién cap thap véi bo diéu khién
du bao (MPC) cho toan bo hé théng. Pay ciing 1a hudng ma tac gia va nhém nghién cau

s& tiép tuc theo dudi dé hoan thién bo diéu khién cho qua trinh chung cat trong thyc té.
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CHUONG 6 KET LUAN VA KIEN NGHI

6.1. KET LUAN

Luan 4n dé xuat phuong phap xay dung bo phan ly don gian hoa cho hé da bién.
Phuong an dé xuat mang tinh tong quat va cé kha ning tng dung cho céac hé thng diéu
khién phic tap. Bén canh dé phuong phap hiéu chinh théng sé bo diéu khién PID dya
trén cau trdc mé hinh noi (IMC) cho céc hé dién hinh ciing duoc dé xuat. Phuong phap
dé xuat dua ra duoc cac cong thire twong minh tinh toan cac thdng sé caa bo diéu khién
PID. Hon nita, cac bd loc ndi tiép véi bo diéu khién twong tng véi cac dac tinh qué trinh
khac nhau ciing dugc thiét ké nham cai thién kha nang dap @ng cua hé thong. Xu hudéng
str dung bo loc trong cau tric bo diéu khién duoc phat trién manh mé trong nhitng nim
gan day. Cac két qua dat duoc cua luan an dugc tom tat dua trén hai khia canh:

Tinh mai:

Xay dung duoc phuong phap chung lam nén tang dé diéu khién hé théng da bién
phtic tap. Dé xuat phuong phép thiét ké ma rong hé diéu khién phan ly don gian hoa.
Bao gom: quy luat diéu khién hé thdng da bién, quy luat diéu chinh hé thong da bién,
phuong phap so sanh va phuong phap danh gia kha ning thyuc thi caa toan hé théng.
Phuong phéap nay cta luan an c6 kha niang giai quyét nhiém vu diéu khién hé thong on
dinh, diéu khién bdm 6n dinh cua hé thng diéu khién ciing nhu kha ning khang nhiéu
qué trinh. P& xuat phuong phép thiét ké bo diéu khién da bién nhiéu vong lap PI/PID
két hop vai cac bo loc twong (g ding cho céc hé théng diéu khién phéan ly don gian
hoa. Tac gia ciing da tinh toan cac truong hop cu thé cho cac hé 2x2, 3x3 va tir d6 xay
dung céc chuwong trinh mo phong két qua dat dwoc trén Matlab. Két qua md phong cho
thay phuong phap dé xuat cho két qua t6t hon han cac phuong phap néi tiéng khac veé

kha ning bam sat gid tri dat cling nhu kha ning khang nhiu qué trinh caa hé théng.

Két qud thuc tién:
Xay dung duoc cac md hinh thuc nghiém dé kiém ching cac phuong phap dé xuat

bao géom hé bon Nudc (2x2) va thap chung cat hdn hop Ethanol va Nudgc (3x3). Bé ¢o
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thé ap dung duoc cac két qua ly thuyét, mé hinh toan md hinh thuc nghiém can phai dat
dugc. Do gidi han nghién cau cua luan an, céc Iy thuyét nhan dang va mé hinh hoa hé
thong khong dugc dé cap chuyén sau. TAc gia sir dung phuong phap thuc nghiém két
hop v&i toolbox nhan dang caa Matlab dé xay dung cac md hinh thuc nghiém. Dé ting
cuong tinh thuyét phuc cia mé hinh, céc thiét bi sir dung déu c6 chuan cong nghiép va
chuyén dung, dac biét cac card DAQ cho hé 2x2 va 3x3 cua hang National Instrument
(NI). Thuat toan diéu khién cho hé thng dugc xay dung trén Matlab & ché do thoi gian
thue (Real Time Window Target). Két qua diéu khién cho thiy dap (ng caa cac hé dap
g dugc cac tiéu chi dé ra vé bam sat gia tri dat cling nhu kha niang khang nhidu qua
trinh. Dic biét thap chung cat Ethanol va Nudc ¢ kha ning tng dung cao, va tac gia co
trong nhém nghién ctru da bao vé thanh cong dé tai cip Bo vé mé hinh thap chung cat

nay.

Céac mo hinh bon Nudce va thap chung cat chi & quy mé phong thi nghiém va hién
dang phuc vu Vviéc giang day va nghién ctru tai bd mon Co dién tu, Pai hoc Su pham ky
thuat thanh phé H6 Chi Minh.

6.2. KIEN NGHI

Véi kha nang tng dung cao nén bo diéu khién dé xuat co thé dua vao hé thong chung
cat cong nghiép cling nhu chung cét cac lai nudc hoa va tinh dau khac nhu: huong Budi,
huong Chanh, huong Drra...

Cac md hinh thuc nghiém c6 thé dua vao giang day sau dai hoc va nghién ctu. Dua
trén cac mo hinh nay cé thé phat trién cac thuat toan phan ly khac, dic biét 1a phan ly
nghich, hoic cac phuong phap diéu khién khac dang thu hiit sy quan tdm ciia nhiéu nha
nghién ctru nhu: diéu khién du bao (Model Predictive Control — MPC), diéu khién phan
s6 (Fractional Control).

Dua trén phuong phap dé xuat, tac gia va nhdm nghién ciu ciing s& mé rong tng

dung cho cac hé bac cao hon nhu hé 4x4.
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PHU LUC

Phu luc 1: Ché tao thap chung cét

1. Phwong phap chung cat

Chung cat 1a qua trinh phan tach hdn hop long hodc khi long thanh céc ciu tir riéng
biét dwa vao sy khac nhau vé do bay hoi cua ching (nhiét d6 sbi khac nhau ¢ cling ap
suat), thdng qua viéc lap di 1ap lai nhiéu lan qua trinh bay hoi - ngung tu. Trong do, vét
chat di tir pha l6ng vao pha hoi hodc nguoc lai. Khi chung cat, ta nhan dwoc nhiéu ciu
tir, 6 bao nhiéu cAu tir s& thu duoc bay nhiéu san pham. Vi du trong trudong hop xét hé
chung cat don gian véi hai cau tir thi ta thu duoc hai san pham, bao gom san pham dinh
O cau tir co do bay hoi 16n véi nhiét do sdi nho va san pham day co6 ciu tir c6 do bay
hoi bé véi nhiét do sbi I6n. Trong nghién ctu nay, véi viée chung cat Ethanol va Nudc,
san pham dinh chu yéu s& 1a Ethanol va mét it Nudc, san pham day chu yéu 1a Nudc va
mot it Ethanol.

Céc phuong phéap chung cit pho bién hién nay bao gdm chung cét gian doan hoic
chung cit lién tuc, theo nguyén 1y chung cit dua vao ap suat thap, ap suat thuong va ap
SUAt cao, trén co s nhiét do s6i cua cac cau ta, néu nhiét do sdi cua cac cau tir qua cao
thi ta giam &p suat 1am viéc dé giam nhiét 6 sbi cua cac cau tu.

=  Chung cit gidn doan

Nguyeén tic chung cét gian doan duoc thé hién theo so d6 & Hinh 1.

it {

Hinh 1 Gian d6 cin bang pha cho chung cét gian doan
Luc dau, dung dich c6 thanh phan biéu thi & diém C, khi dun dén nhiét d6 soi hoi

bdc 18n c6 thanh phan tng véi diém P, vi trong pha hoi ludn c6 cau tir dé bay
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hoi hon 1a trong pha 1ong, nén trong thoi gian chung cét, thanh phan pha long s& chuyén
dan vé phia cdu tr khé bay hoi. Cudi cing, ta s& nhan duoc chat long con lai trong bon
chung cét véi thanh phan Ia C, va thu dugc hdn hop hoi P, Py, Py,..., Pn

So d6 nguyén 1y chung cét gian doan duoc biéu dién trén Hinh 2.

1. Bon chung cét

2. Thiét bi ngung tu

3. Thung chira san pham

Hinh 2 So d6 chung cét don gian
Trong d6, hdn hop dau tién dugce dua vao bon chung ct (1), tai ¢y hon hop duoc

gia nhiét véi mot nhiét do thich hop dé cé thé béc hoi va tao thanh céc cau tir pha hoi di
vao thiét bi ngung tu va 1am lanh (2). Khi dat duoc nhiét do 1am lanh can thiét dén pha
long, céc cau tir pha long s& dugc dwa dén thang chia (3), chat long con lai trong bon
chung cét s& dugc théo ra. Nhu véy, day chinh 1a qua trinh chung cét gian doan. Tuy
nhién, ta van co thé tién hanh chung cat lién tuc néu thanh phan san pham khéng thay
d6i. Trong cdng nghiép, ta co thé sir dung phuong phap chung cét gian doan trong cac
truong hop sau:

- Khi nhiét d6 sdi cua hai ciu tu rat khac nhau.

- Khi khong doi hoi san pham co do tinh khiét cao.

- Khi tach hdn hop long ra khoi tap chit khong bay hoi.

- Khi tach so bd hdn hop nhiéu cau ti.

= Chung cat lién tuc

Phuong phap chung cit gian doan khéng cho phép ta thu duoc san pham c6 d6 tinh
khiét cao. Pé c6 duoc san pham c6 do tinh khiét cao, ta tién hanh chung cét lién tuc

nhiéu lan, theo gian d6 thé hién & Hinh 3.
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Hinh 3 So do chung cat lién tuc nhiéu lan

Trong d6, hdn hop dau tién duoc lién tuc dua vao bon chung cat 1 (A). Tai ddy, mot
phan chit long duoc béc hoi tao thanh san pham dinh, éng théo san pham dinh ddng
thoi ciing 1a 6ng dé duy tri myc chat long trong bon khong ddi. Cau tir hoi (C) duoc duy
tri & trang thai can bang véi pha long (B). Cau tir hoi (C) sau d6 duoc ngung tu thanh
thanh chat long va tiép tuc di vao bon chung cit 2 (D). Tai ddy, ta tiép tuc 1ap lai tién
trinh nhu & bon chung cat 1 va thu duoc hoi (F) va chat long (E). Tiép tuc thuc hién qua
trinh nhu trén ¢ bon chung cét 3 (G) va thu duoc hoi (I) va chat long (H). Luu ¥, & mdi
bon chung cét ta phai cung cap thiét bi nhiét riéng biét. Két qua cia nguyén mot qué
trinh trén cho ta cac san pham day (B), (E) va (H). San pham dinh (1) cht:a nhiéu cau tir
da bay hoi.

Ngoai ra, ta c6 thé diéu chinh qua trinh trén dé nhan duogc san pham day c6 chira
nhiéu cau tur it bay hoi hon bang cach cho san pham day ctia bon (2) hdi luu trd vé bon
(1) va san pham day cta bon (3) tré vé bon (2), ... véi diéu kién ta phai khéng ché qué
trinh cung cap nhiét tét, dé c6 thé thu duoc san pham dinh | va san pham day B, mot
cach lién tuc va on dinh. Bén canh do, ta phai diéu khién dé duy tri trang thai can bang
giita cac bdn nhu ¢ so dd ban dau. Tuy nhién, qua trinh nhu trén s& c6 nhuoc diém 4
t6n nang luong nhiéu cho viéc cung cap nhiét va hé théng sé phic tap va kho ché tao.
Chinh vi thé, dé don gian hda hé théng chung cat, ngdy nay thap chung cat duoc thiét

ké ché tao nham cai thién cac khuyét diém cua cac hé thong néu trén.
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= Co sothiét ké thap chung cit

Trong nghién ctru ndy, cac thuat toan diéu khién dugc dé xuét s& dugc ap dung trén

md hinh thap chung cét Ethanol va Nudc:

Hinh 4 So d6 nguyén 1y thap chung cét

Nhu ta di thiy & Hinh 4, thap chung cit gdm c6 nhiéu ting, & mdi tang c6 nhiéu
dia, mdi dia twong ung vi moi bon & cac so do trén. O day, thap c6 bo phan gia nhiét
dé tao pha hoi véi nguy@n tic cac cau tir pha hoi sé di tir dudi 18n trén qua cac 16 cua
dia, cau tir pha long sé& chay tir trén xudng dudi theo cac dng dan, ndng do cua cac cau
tir s& thay doi theo chiéu cao cua thap, nhiét do soi ciing thay doi theo trong tng Véi su
thay d6i nong do.

O dia (1) chat 1ong chtra ciu tir d& bay hoi c6 ndng do (x1), hoi bbc 18n tir dia (1) 6
nong do can bang vai (x1) 1 (y1), hoi ndy qua cac 18 di 1én dia (2) va tiép xUc véi chat
long dang ton tai & d6. Do nhiét do ¢ dia (2) thap hon dia (1) cho nén mét phan hoi dugc
ngung tu. Do d6, véi ndng do (x2) > (X1), CAu tir pha hoi sé tiép tuc bay Ién tir dia (2) s&
c6 ndng do can bang véi (x2) 1a (y2). Qua trinh nay duoc thuc hién mot cach tuan ty voi
cac dia (3), (4) va (5), cudi cing ta nhan duoc cau tir pha hoi c6 ndng do cao tuong tng
Vi chiéu cao cua thap.

Tom lai, trén mdi dia s& xay ra qua trinh chuyén khdi giita pha long va pha hoi,
trong d6, phan 16n cau tir dé bay hoi s& chuyén pha tir long sang hoi va mot s6 it cau tir

s& chuyén pha tir hoi sang 16ng. Qua trinh duoc 13p lai nhiéu lan vai s6 luong dia tuong
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ng. Cudi cung, trén dinh thép ta thu dugc ciu tir dé bay hoi ¢ ndng do cao va ¢ day
thap ta thu dugc cau tir khé bay hoi & ndng do cao.

Theo ly thuyét thi mdi dia cta thap 12 mot bac thay doi ndng do, thanh phan hoi di
ra khoi dia cAn bang véi thanh phan chit long di vao dia. Nhu vay, s6 luong dia cua thap
chung cat s& trong tng véi s6 lan thay doi nong do. Tuy nhién, trén thyc té, & mdi dia
qué trinh chuyén khdi gitra hai pha thuong rat kho can bang. Qua trinh chung cat dugc
thuc hién & thap chung cit c6 thé 1a lién tuc hoic gian doan.

Hién nay, dbi véi thap chung cit Ethanol va Nudc, nguoi ta chon phuong phap
chung cat lién tuc, cAp nhiét gian tiép bang bon gia nhiét ¢ ap suit thuong.

Trong san xuét thuong sir dung rat nhiéu loai thap nhung ching déu c6 mot yéu cau
co ban la dién tich bé mat tiép xtc pha phai 16n, diéu nay phu thudc vao d6 phan tan cua
lru chit nay vao luu chét kia.

Thap chung cat rat phong phi vé kich ¢& va ang dung, cac thap 16n nhat thuong
duoc ung dung trong cong nghiép loc hod dau. Kich thudc cua thap: duong kinh thép
va chiéu cao thap tuy thudc suat lugng pha long, pha khi caa thap va do tinh khiét caa
san pham. Ta khao sat hai loai thap chung cat thudng dung 12 thap mam va thap chém.

Thap mam: than thap hinh try, thang diing phia trong c6 gan cac mam c6 ciu tao
khac nhau dé chia than thap thanh nhitng doan bang nhau, trén mam pha long va pha
hoi dwoc cho tiép xdc véi nhau. TUy theo cAu tao caa dia, ta co:

Thép mam chop: trén mam b tri c6 chép dang: tron, xu bap, chir s. ..

Théap mam xuyén 15: trén mam bd tri cac 15 co duong kinh (3-12) mm

Thap chém: thap hinh try, gdm nhiéu doan ndi véi nhau bang mat bich hay han. Vat
chém duoc cho vao thap theo mot trong hai phwong phap: xép ngau nhién hay xép thir
tu theo bang 1 dudi cho ta thdy su so sanh cta céc loai thap.

Nhén xét: Qua viéc phan tich va so sanh nhu trén, phuong an thiét ké thap mam
xuyén 16 duoc chon dé lam mé hinh tng dung.

Thap mam xuyén 16 la trang théi gitra trung gian giira thap chém va thap mam chap.

Nén ta chon thap chung cat 1a thap mam xuyén 15.
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Nhur vy chung cdt hé théng Ethanol va Nuéc ta dung thap mam xuyén |6 hoat dong
lién tuc ¢ &p sudt thiwong, cap nhiét gian tiép ¢ day thdp.

Bang 1 So sanh vu va nhuoc diém cua céc loai thap

Thap chém Thap mam xuyén 14 Thap mam chop
Uu - Pon gian - Hiéu suat tuong ddi cao. - Hiéu suét cao
diém - Tro luc thap - Hoat dong kha on dinh. - Hoat dong 6n dinh

- Lam viéc vai chit long ban

Nhwoc - Hiéu suatthap. | - Tro luc kha cao - Cau tao phic tap
diém  -Do6 on dinh kém. - Yéu cau lap dat khat khe - Tro luc I6n.
- Thiétbining. - Lip dia that phang - Khéng 1am viéc véi

chat long ban.

= Ché tao m6 hinh &ng dung
Dua trén két qua tinh toan thiét ké & phan trén, mé hinh tng dung thap chung cit da
dugc ché tao vai cac thiét bi nhu sau, tir (hinh 15) dén (hinh 44). Bong hd do luu luong
nap liéu; Van tuyén tinh nap liéu; Ddng hd do luu lwgng nap liéu; Cam bién nhiét do
nap liéu; Cam bién muc; Van nap — xa liéu; Cam bién nhiét 6 dinh thap; Dién tro noi
dun; Cam bién p suat; Bon chtra hdn hop san pham; Thiét bi ngung tu; Bom lam mat;

Bom hoan luu.

Hinh 5 Bom cap liéu Hinh 6 Bong hd do lwu  Hinh 7 Van tuyén tinh cap
luong cap liéu liu
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Hinh8Pigntré  Hinh 9 Cambién  Hinh 10 Cam bién
gia nhiét cap liéu nhiét do do murc nguyén li¢u

Hinh 12 Thung nguyén liéu Hinh 13 Bén gia nhiét day thap
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Hinh 14 S6 tray thap chung cat Hinh 15 Thing phan dong san pham

Hinh 16 Thiét bj ngung tu san pham
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inh 18 Bién tro gia nhiét day thap
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Hinh 19 Madun giao tiép cua Card PCle 6323
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A0 (A1 0+)
AlGND
Al9 (Al 1-)

A1 (A3
Al SENSE
A2 (Al 4-)
AIS (Al 54)
AIGND

Al 14 (Al 6-)
AT (A1 7+)
Al GND

P03
PFI11/P23
PFI10P22

D GND
PFI2P12
PFI3P1.3
PFl4P14

PFI13P25
PFI15P2.7
PFI7P1.7
PFI&P20
D GND
DGND

Al 8 (AI0-)
Al 1 (Al 1+)
Al GND

Al 10 (A1 2-)
A3 (AIBH)
Al GND
Al4 (Al4+)
Al GND
A3 (AI5)

ONNECTOR 0
(A10-15)

AIS(AI7-)  TERMINAL 68 —f
AOO
201 TERMINAL 34 —

TERMINAL 1
TERMINAL 35 —

i~ TERMINAL 35
— TERMINAL 1

{~ TERMINAL 34
i— TERMINAL 68

955588828
68-8""¢
="

PFISP15
PFIEP16
DGND
PFloP2.1
PFl12/P2.4
PFl14P26

P0.30 DGND
PO28 DGND
P0.25 PO24
DGND P23
P022 PO31
PO21 P029
DGND P020
+5V PO.19
D GND PO.18
POAT7 DGND
P0.16 PO26
DGND P27

GND PO.11
+5V P0.15
DGND P0.10
PO14 DGND
P09 PO13
DGND FO8
P0.12 DGND
NC AQ GND
A3 AOGND
AD2 AlGND
AI 31 (Al 23-) Al23 (A123+)
AIGND Al 30 (Al 22-)
Al 22 (A1 224) AIGND
A129 (A121-) Al21 (AI214)
AIGND Al 28 (A1 20-)
AI20 (Al 20+) Al SENSE 2
AIGND AL27 (A1 19-)
AL19 (Al 184) AlGND
A1 26 (Al 18-) Al18 (Al 184)
AIGND Al25 (Al17-)
AT (A 174) AIGND
Al24 (A1 16-) | |34] Al 16 (Al 16+)

NG = No Connect

Hinh 5.20 Card PClIe 6323 diéu khién hé théng thap chung cat

Hinh 21 Thép chung cat
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Phu luc 2: Chwong trinh Matlab sir dung trong Luin an

2.1 Chwong trinh Matlab chay mé phéng bén nwéc doi

clear all
warning off

Kl = 11.1669;
taul = 160.7739;
thetal = 0.8525;
lambdal = 1;
gammal = 0.1;

K2 = 10.808;
tau2 = 38.4661;
theta2 = 2.1803;
lambda2 = 2;
gamma2 = 0.1;

betal = taul* (l-exp(-thetal/taul)* (l-lambdal/taul)"2)

Kcl= (2/5*thetal)/(Kl1* (2*lambdal + thetal - betal))

Til = (2/5*thetal)

Tdl = thetal/8

dl = 0;

cl = betal

al = (3/5*thetal*betal-

1/10*thetal”2+4/5*1lambdal*thetal+lambdal”2)/ (2*lambdal +
thetal - betal)-taul

bl = (-
3/20*thetal”2*betal+l/60*thetal”3+1/10*1lambdal*thetal”2+2/
5*lambdal”2*thetal)/ (2*lambdal + thetal - betal)- al*taul

beta2 = tau2* (l-exp(-theta2/tau2)* (l-lambda2/tau2)"2)

Kc2 = (2/5*theta2)/ (K2* (2*lambda?2 + theta2 - beta2))
Ti2 = (2/5*theta?2)

Td2 = theta2/8

d2 = 0;

c2 = beta?
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a2 = (3/5*thetal2*betal2-
1/10*theta272+4/5*1lambda2*theta2+lambda2"2)/ (2*lambda2 +
theta?2 - beta2)-tau?

b2 = (-
3/20*theta2”2*beta2+1/60*theta2”3+1/10*1lambda2*theta2”2+2/
5*lambda2”2*theta2)/ (2*lambda?2 + theta?2 - betal2)- a2*tau?

sim('Tank SD");
figure (1)
plot (outl sd.Time,outl sd.Data, '-k', 'LineWidth',2);

figure (2)

plot (out2 sd.Time,out2 sd.Data, '-k', 'LineWidth',2);
grid on
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2.2 Chwong trinh Matlab chay m6 phéng Thap chung cat

clear
warning off

K1 = 10.139;
taul = 1127.9;
thetal = 37.302;
lambdal = 80;
gammal = 0.1;

K2 = 6.6232;
tau2 = 145.1873;
theta?2 = 2.581;
lambda2 = 20;
gammaZ2 = 0.1;

K3 = 0.0082;

tau3 = 58.1358;
theta3 = 20.8159;
lambda3 = 30;
gamma3 = 0.1;

betal = taul* (l-exp(-thetal/taul)* (l-lambdal/taul) "2)
Kcl= (2/5*thetal)/ (K1* (2*lambdal + thetal - betal))
Til = (2/5*thetal)

Tdl = thetal/8

dl = 0;
cl = betal
al = (3/5*thetal*betal-

1/10*thetal”2+4/5*1lambdal*thetal+lambdal”2)/ (2*1lambdal +
thetal - betal)-taul

bl = (-
3/20*thetal”2*betal+l/60*thetal”3+1/10*lambdal*thetal”2+2/
5*lambdal”~2*thetal)/ (2*lambdal + thetal - betal)- al*taul

beta2 = tau2* (l-exp(-theta2/tau2)* (1-lambda2/tau2)"2)
Kc2 = (2/5*theta2)/ (K2* (2*lambda?2 + theta2 - beta2))
Ti2 = (2/5*theta?)

Td2 = theta2/8

d2 = 0;

c2 = beta?2
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a2 = (3/5*thetal2*betal2-
1/10*theta272+4/5*1lambda2*theta2+lambda2"2)/ (2*lambda2 +
theta?2 - beta2)-tau?

b2 = (-
3/20*theta2”2*beta2+1/60*theta2”3+1/10*1lambda2*theta2”2+2/
5*lambda2”2*theta2)/ (2*lambda?2 + theta?2 - betal2)- a2*tau?

beta3 = tau3* (l-exp(-theta3/taul3)* (1-lambda3/tau3) "2)
Kc3 = (2/5*theta3)/ (K3* (2*lambda3 + theta3 - beta3l))
Ti3 = (2/5*theta3l)

Td3 = theta3/8

d3 = 0;

c3 = betal3

a3 = (3/5*theta3*beta3-

1/10*theta3”2+4/5*1lambda3*theta3+lambda3”2)/ (2*1lambda3 +
theta3 - beta3l)-taul

b3 = (-
3/20*theta3”2*beta3+1/60*theta3”3+1/10*1lambda3*theta3”2+2/
5*lambda3”2*thetal3)/ (2*1lambda3 + theta3 - betal3)- a3*tau3l
sim ('thapchungcat")

figure (1)

plot (outl sd.Time,outl sd.Data, '-k', 'LineWidth',2)

grid on

figure (2)

plot (out2 sd.Time,out2 sd.Data, '-k', 'LineWidth',2)

grid on

figure (3)

plot (out3 sd.Time,out3 sd.Data, '-k', 'LineWidth',2)

grid on
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