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Chuong 1. MO PAU
1.1. Pit vin dé

Hién nay, viéc nghién ctu cac hé théng didu khién da bién dugc quan tdm nhiéu
tai Viét Nam do nhu cdu cip thiét trong viéc 4p dung vao thuc té san xuét tai nhiéu
nha méy, xi nghiép trong nudc, dac biét 1a cac nha may, xi nghiép tach, loc, chiét suit
dau khi, nha may nhiét dién. Mac du hién nay tit ca cac cong nghé vén hanh déu cua
nudc ngoai nhung nhu cdu 1am cha cdng nghé, nang cao ning luc dé giam chi phi san
Xuét luén cip thiét.

Hon nita, trén thé gisi, husng tiép can chu yéu dé diéu khién hé da bién la cac
ky thuat diéu khién nang cao nhu didu khién dy bao, didu khién thdng minh. Tuy
nhién, bén canh do van c6 nhidu nghién caru ¢ gang tan dung cac ky thuat d1eu khién
cb dién boi sy don gian va higu qua mang lai. Dé thuc hién duoc viée do, cin nghién
cau phat trién cac phuong phap phan tach hé da bién thanh nhiéu vong hdi tiép don
bien.

Qué trinh da bién 1a hé phuc tap véi nhidu su twong tac qua lai giira cac bién
qué trinh va bién diéu khién. Sy tuong tac nay lam anh huong dén sy thay doi cia cac
ngd ra con lai khi c6 mot su thay déi & mot vong diéu khién bét ky. Nhiéu phuong
phap khac nhau dugc dé xuit d& khic phuc kho khin nay cua viéc didu khién hé da
bién. Tuy nhién, ndi bat nhét 12 k§ thuat phan ly véi ba phuong phép: phan ly Iy tuéng,
phén ly nghich va phan ly don gian héa. DU véy, cho dén gan day, vin chua c6 phuong
phap diéu khién tong quét ndo cho hé da bién duoc cong bd hoic phat trién sir dung
ky thuat diéu khién phan ly. Chinh vi vay, viéc nghién ciru mé rong va phat trién
phuong phap thiét ké bo diéu khién phan ly, trén co s phuong phép phén tich méi,
dé sir dung cho nhiéu qua trinh da bién 12 van dé tac gia s& tap trung nghién ctu trong
luan an nay.

V6i nhitng nhu cau va Iy do trén, tac gia da lya chon luan 4n “Nghién ciru thiét
ké bo diéu khién phan ly dung cho cac hé théng da bién” cho luan &n tién si nay.

1.2. Muc tiéu ctia luin an

Do phuong phép phan ly c6 nhidu k§ thuat khac nhau, nén trong luan &n nay tac
gia chi tap trung nghién ctiu bo diéu khién phén ly don gian héa. Phuong phap dé xuat
s& tim ra duoc ban chat thuc su cua quy luat phan ly céc bién diéu khién bing viéc
xac dinh chinh xac tir ty 18 cia cac dac tinh vong hé ban dau va cac yéu té duong chéo
clia cac diy do loi twong quan dong (Dynamic Relative Gain Arrays). Tir d6, mot cau
tric tng quét, nho gon cho b diéu khién phan ly don gian héa s& dugc d& xuit.

Ngoai ra, phuong phéap don gian hda md hinh cua qua trinh s€ dwoc dé xuét aé
don gian hoa ham truyén Cla céc vong didu khién. Tur do, phuong phép thiét ké bo
didu khién PI/PID dya vao c4u tric mé hinh néi (IMC) ciing dugc d& xuit cho cac qua
trinh pho bién gom hé bac 1 va bac 2 ¢ tré.

1.3. Pham vi va giéi han nghién ciru



Céc qua trinh da bién trén thuc té rat da dang va phic tap, trong gisi han cua
luan &n, tac gia chi tap trung vao cac hé théng didu khién qué trinh véi dac tinh cia
hé tuyén tinh hodc gin tuyén tinh (c6 thé xip xi vé dang tuyén tinh quanh diém lam
viéc). Khi do, dic tinh dong cua hé c6 thé duoc mé ta boi ma tran ham truyén bac n.

Dé dam bao do tin cay cia cac phuong phap dé xuét ciing nhu d& dang so sanh
Vi cac phuong phép ctia cac tac gia khac, cac mé hinh toan dugc sir dung trong nghién
ctu ly thuyét déu str dung cac md hinh chuan ni tiéng thé gici nhu: Wood and Berry
(WB), Vinate Luyben (VL), Ogunnaike and Ray (OR).

Phuong phap d& xuét c6 thé iing dung tdng quat cho hé théng n ngd vao, n ngd
ra (nxn). Tuy nhién, cac két qua md phong ciing nhu cac mé hinh thyc nghiém chi
gidi han dén hé 3x3.

Trong md hinh thyc nghiém cia thap chung cét, tac gia chi nghién ciru cac thong
sb cong nghé trong qua trinh tach ethanol véi nuéce, vi du nhu nhiét do, luu lugng, 4p
suit. M hinh toan cua cac mé hinh thyc nghiém dugc tim kiém duya trén phwong phép
thuc nghiém (md hinh hop den).

1.4. Phuwong phap nghién ciu

Nghién ctu phan tich céc tai lidu, cac cong trinh da cong bd trong va ngoai nudc
nham x4c dinh muc tiéu va nhiém vu dat ra.

St dung phan mém mo phong Matlab dé thuc hién mod phong, kiém ching céc
quy luat diéu khién nhim khing dinh cac nghién ctu ly thuyét, so sanh véi cac két
qua da cong bd khéc.

Nghién ciiu sy phu thuoc cia céc théng sb cong nghé cia cac qua trinh diéu
khién nhu nhigt do, 4p suét, luu lugng, mc. Tir d6 xdy dung ham truyén cua hé thong
st dung phuong phéap thuc nghiém. Danh gia két qua mo phéng Iy thuyét vai s6 lieu
thuc t& san xut nham muc dich hiéu chinh céc tham sé cho dbi tugng va dé xuat cac
giai phap trong do ludng va didu khién hop ly cho hé théng.

1.5. Piem mai ve mit hoc thuit ciia ludn an

Piém méi cua luan 4n duoc xem xét & hai khia canh:

Tinh mdi:

- Xay dung dugc phuong phap chung lam nén tang dé diéu khién hé thong chiéc
tach co céc thanh phan bét dinh. Phuong phép nay cua luan én c6 kha ning giai
quyét nhiém vu diéu khién hé théng én dinh, diéu khién bam én dinh cua hé thng
diéu khién ciing nhu kha nang khang nhiéu qua trinh.

- P& xuét phuong phap thiét ké mo rong hé diéu khién phan ly don gian héa. Bao
gdm: quy luat didu khién hé théng da bién, quy luat diéu chinh hé théng da bién,
phuong phép so sanh va phuong phap danh gié kha néng thyc thi cua toan h¢ théng.

- Pé xuit phuong phap thiét ké bo didu khién PI/PID dya trén cu triic mé hinh
ndi (IMC) duing cho cac qua trinh chuén nhu: hé bac mot co tré (FOPTD) va hé bac
hai c6 tré (SOPTD). Bo diéu khién dé xuit dwoc &p dung cho cau tric da vong kin
cua hé théng da bién sau khi phan ly.

Két qud thuc tién:



- Xay dung dugc md hinh thyc nghiém dé md phong cho bo diéu khién phan ly
da bién dién hinh véi cac bién diéu khién nhu 1a mirc, nhiét do, luu lugng.

- Ché tao mo hinh thuc nghiém dé kiém chung cac phuong phap d& xuit nhu hé
bdn nuéc (2x2) va hé thng chung cat hon hop Ethanol va nuéc (3x3).

- Ung dung dugc phuong phap dé xuat dé thiét ké bo didu khién phan ly don gian
hoé cho qua trinh da bién (2x2 va 3x3).

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

- Phuong phép dé xuét cé thé ap dung cho cac qua trinh da bién trong thuc té

1.6. Nhirng dong gop ciia luin an

V6i nhiém vu dat ra nhu trén thi luan an s& bd sung thém vao nhém cac phuong
phép ciia b diéu khién phan ly don gian hod cho céc qua trinh da bién c6 mét phuong
phép mai mang tich téng hop hon, ¢6 kha ning ing dung dugc cho cac hé théng diéu
khién phiic tap. Cac dong gop méi cua luan an dugc tom tit nhu sau:

- Dé xuét phuong phap thiét ké tdng quét cho hé da bién bac n sir dung phan ly
don gian hoa.

- Sirdung phuong phap ddng nhat hé sé dé dwa cac thanh phén cua ma tran phan
ly va ma tran duong chéo sau khi phan ly (D(s) va Q(s)) vé cac dang chuén
thuong gap nhu: hé s6m tré phan, h¢ bac 1 va bac 2 c6 tré.

- Pé xuét phuong phap thiét ké bo diéu khién PI/PID dua trén cu tric md hinh
ndi (IMC) duing cho cac qua trinh chun nhu: hé bac mot ¢ tré& (FOPTD) va hé
bac hai co tré (SOPTD).

- Ché tao mé hinh thuc nghiém dé kiém chimg cic phuong phap dé xuét, bao
gdm: hé bdn nudc (2x2) va hé théng chung cit hdn hop Ethanol va nudc (3x3).
Tir d6, xdy dung cac chuong trinh trén Matlab d& mé phong va diéu khién thoi
gian thuc cac qua trinh da bién trén. Cac két qua dat duoc chung t6 su kha thi
va tinh hiéu qua ciia cac phuong phap dé xuat.



Chuong 2. TONG QUAN VE VAN PE NGHIEN CUU

2.1. Téng quan vé tinh hinh nghién ciru cc ky thuat phan ly

Hau hét cac hé théng diéu khién qué trinh ngay nay 1a cac qua trinh da bién cé
su két ndi phc tap giita cac trong tic cua cc tin hidu do luong, tin hiéu didu khién
va cling nhu tin hiéu (vao — ra) cua hé théng. Khi cac vong diéu khién twong tac voi
nhau, mdi vong lap khong thé dugc diéu chinh doc lap, c6 nghia 1a diéu chinh bo diéu
khién ciia mot vong lap sé anh huong dang ké dén hiéu qua caa cac vong khac va co
thé gay bat n cho toan bo hé théng diéu khién. Diéu khién phan cip hoic tap trung,
thuong duoc sir dung dé giai quyét nhitng tuong tac bt loi xuét hién bén trong hé
théng. Dé diéu khién qua trinh da bién véi su twong tac thip, bo didu khién da vong
I3p thudng duoc sir dung vi ciu triic don gian, tinh hi¢u qua va higu sut thich hop.

Céc phuong phép didu khién phan ly phé bién bao gom: phurong phdp diéu khién
phan ly Iy tuong, phuong phdp diéu khién phan ly don gian hoa, va phwong phap diéu
khién phan ly nghich. Viéc lya chon phuong phap nao tiy thugc phén 16n vao wu va
nhuoc diém ciia timg phuong phdp. Phuong phdp diéu khién phén ly 1y tuong sé gidp
cho vigc thiét ké bo diéu khién thuan tién do hé théng thu dugc sau khi phan ly s& la
ma tran dudng chéo ma cc thanh phan dudong chéo chinh 13 ham truyén cua cac qua
trinh. Tuy nhién, phuong phap nay hiém khi duoc sir dung trong thuc té do ma tran
phén ly phirc tap, d& bi anh huang boi sai s6 mé hinh cua hé théng. Phuwong phép diéu
khién phan ly nghich ciing hiém khi dwoc thyc hién do ciu hinh phén ly tuong ddi
phuc tap va nhay véi sai s6 mo hinh caa hé théng. Phuong phap didu khién phan ly
don gian hoa dugc sir dung rong réi nhit trong thuc té cong nghiép vi sy don gian va
hiéu qua do cu triic phéan ly don gian.

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

2.2.1. Phwong phap Ziegler-Nichols (Z - N)

C6 hai phuong phap: phuong phéap thir nhit duoc goi 13 phwong phdp chu ky
lién tuc duoc dé xuit du tién nam 1942. V&i md hinh c6 thém thoi gian tré 1an dau
tién duoc dé xuét.

Phuong phap thir hai, duoc goi la phwong phdp duong cong dap 1ing cua qua
trinh dugc dé xuit trong nam 1943
Dbi véi hé da bién, bai toan hiéu chinh thong s tré nén phirc tap hon rat nhiéu vi sy
tuong tac gifta cac vong didu khién. Phuong phap Z-N thuén tity chi phit hop véi hé
don bién va vi thé trong truong hop nay khé c6 thé duoc p dung.

2.2.2. Phwong phap diéu chinh BLT (BLT)

Phuong phép hiéu chinh BLT do Luyben d& xudt nhim thiét ké cac vong diéu
khién don bién cho hé da bién. Xét hé da bién nhu hinh 2.1, ta thiy bo diéu khién 14

ma tran duong chéo ma cac thanh phan cua né s& duoc thiét ké theo phuong phap
BLT.
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Hinh 2.1 So d6 khéi hé théng diu khién da bién
2.2.3. Phwong phap SAT

Phuong phap SAT gitip qua trinh thiét ké bo dicu khién d& dang hon cho h¢ da bién,
thich hgp nhat cho h¢ (2 % 2). Tuy nhién doi véi hé c6 thoi gian tré 16n hodc 6 tinh
phi tuyén cao, dap trng ciia phuong phap nay bi vot 10 vao dao dong 16n.

Vong ldp kin véi ché dp do tw dong lién tuc
Qué trinh diéu chinh ctia hé¢ MIMO (2 x 2) chuyén tiép tudn ty nhu hinh 2.2
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Hinh 2.2 Thu thuat diéu chinh tuan tu cho cac hé (2 x 2)
Quy trinh hi¢u chinh duoc mo ta thong qua cac budce sau day:
Bude 1: Pau tién kiém tra thong tin phan hoi giita y1 Va Uz trong khi vong lap 2 ¢ ché
d6 bang tay (hinh 2.2a). Can cir vao budc nay, chung ta cai dat bo diéu khién PI/PID
theo phuong phap Z — N bang thong s6 do loi va tin sb t6i han.

Burgce 2: Céc thong so dleu khién c6 thé dugc thiét ké cho vong 1ap 2 biang cach
sir dung céc thir nghiém hdi tiép gitra y2 va Uz trong khi vong 13p 1 chuyén sang ché
d6 tu dong (hinh 2.2b).

Bude 3: Hoi tiép thue nghiém dugc dat gitra y1 va ux (hinh 2. 2c). Trong khi didu
khién trén vong lip 2 dugc dua vao tu dong; do d6, mot bo théng sé diéu khién méi
dugc x4c dinh cho b didu khién trong vong lip 1.

Burde 4: Quy trinh nay 13p di lap lai cho dén khi cac théng sb diéu khién hoi ty.
Néu vong 1ap 2 duge dong lai, qua trinh hiéu chinh vong 1.

2.3. Piéu khién phén ly qua trinh da bién

Hién nay ba phuong phap phén ly dugc biét den 12 phéan ly Iy tuong, phén ly nghich
va phan ly don gian hoa. Vi vdy, dy la mot vén d& tuong ddi phuc tap vi tht ca cong
nghé déu c¢6 vu diém cling nhu gi6i han riéng cta né. Phan ly don gidn héa la phwong
phép phd bién nhit, uu diém chinh cta no chinh 1a sy don gian hoa cac phan tir cia
ma tran phén ly. Phan ly 1y tuéng, phuong phap nay it dugc sir dung trong thuc té,
néu sir dung dugc phuong phap nay thi rit d& dang cho viée thiét ké bo didu khién
nhung viéc hién thuc hoa bo phan ly giap nhidu kho khin. Phan ly nghich, phuong
phap nay ciing it khi dwoc thuc hién dit phuong phéap nay sit dung wu diém cua ca hai
phuong phap phan ly don gian hda va phan ly 1y tuéng. Viéc hién thuc hoéa bd phan
ly nghich 1a kho khan 16n nhét cta k§ thuat phan ly nghich.

2.3.1. Phén ly ly twéng
So dd khéi bo phan ly 1y twong thé hién hinh 2.6



Hinh 2.6 Ciu triic diéu khién phan ly hai bién .
Muc dich cta phén ly 1y tuéng la tim bo phan ly D(s)sao cho ham truyén
vong ha cia hé sau khi dugc phéan ly cé dang sau:
Py (s) 0 ]
G = P(s)D =
©)=POPE) =97 p (s
Trong d6 D(s) la ma tran ham truyén cua bo phan ly
D11(s)  Di2(s)
D(s) = [ 1 2.2
©) Dy1(s)  Daa(s) @2

2.3.2. Phan ly don gidn héa

.1)

So dd khdi bo phan ly don gian héa nhu hinh 2.7. Ta ¢6 thé thiy vé mic cau
trdc bo phén ly nay twong ty nhu phan ly 1y tuéng. Tuy nhién, trong trudng hgp phan
ly don gian héa, cac phin tir duong chéo caa ma tran phén ly duoc thiét lap bang 1.
Do d6, ma tran phén ly c6 dang nhu sau:

Qua trinh

Y1

Y2

Hinh 2.7 So @b khéi b6 phén ly don gian héa

D(s) = b 121(5)] 23)

[D211(5)

Khi do, 2 phan tir con lai ciia ma tran phan ly:

P
Dyip(s) = _Piig
_ Pyu(s) @4)
DZl(s) - _PZZ(S)

Ham truyén vong ho caa hé sau khi duoc phan ly duge tinh theo phuong trinh sau:
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2.3.3. Phén ly nghijch

Céu tric cua bo phan ly nghich khac han voi hai phuong phép trén. So dé tong
quat cho hé hai bién dugc thé hién & hinh 2.8

B Phan ly Qua trinh
= Ga Uz my Sl 3 -
P1,
P21
SP2 G, = i Py, ++ A

Hinh 2.8 So d6 khéi phan ly nghich i
Bo phan ly nghich ciing thiét 14p cac thanh phan duong chéo bang 1.

_ 1 D13(s)
C4c thanh phan con lai cua bg phan ly:

P,
_ Pyu(s) 27)
Dz1(s) = _Pzz(s)

DAi vai phan ly nghich, cac thanh phan dwong chéo ma tran ham truyén vong
ho cua hé thong sau khi thém bo phén ly ciing chinh la cdc ham truyén trén duong
chéo chinh caa ma tran ham truyén cua qud trinh. Ma tran sau khi phan ly cé dang
sau:

G(s) = Pgl sz] (2.8)



Chuong 3. THIET KE BQ PIEU KHIEN PHAN LY PON GIAN HOA

3.1. Hé phén ly da bién tong quat

Xeét hé théng da bién bit ky n ngd vao, n ngd ra ma tran ham truyén. Dua vao
ly thuyét co ban ciia cac k§ thuat phan ly da dé cap, trong phan nay, tac gia dé xuit
phuong phap téng quat hoa dé thiét ké bo phan ly don gian héa cho hé bac n.

So dd khéi tdng quét cua hé théng didu khién phan ly dugc thé hién ¢ hinh 3.1,
trong d6, G (s) 1a bo didu khién nhiéu vong kin, D(s) 1a bo phan ly. G(s) va @(s)lan
luot 13 qua trinh da bién va qua trinh da bién da dwoc phan ly:

Y2

Yn

Hinh 3.1 M0 hinh thuat toan h¢ thong diéu khién phén ly da biénn x n
Muc tiéu cua su phéan ly la @€ xac dinh ma tran phan ly D, thoa mén diéu kién
GD = (, 1a mot ma tran dudng chéo:

911 - Yin|[dy1 .. din q11 - O
: : : =) : (3.1)
In1 - Gnnlldpy o dipg 0 .. gmm

Khi thiét ké bo phan ly don gian héa thanh phan dii dwgc mic dinh [a 1. Chinh vi
thé, ta c6 két qua nhu sau:

d,:@, Li=12..0 j#i (3.2)
1 Cii s > ’
qii Ay (33)

Trong do:

Cii, Cij Thanh phén dudng chéo va thanh phin khong duong chéo cia ma tran phu
dai sb, duoc xac dinh tir ma tran ham truyén dat cua qua trinh da bién.

A i Day lién hé dong vé do loi caa ma tran ham truyén dat ctia qué trinh da bién
(Dynamic Relative Gain Array) dugc d& xuit bai Bristol (1979), dung dé do méi lién
hé bén trong cta c4c qué trinh da bién.

gii: ham truyén dat cua thanh phan duong chéo thir (ii ) caa ma tran ham truyén
dat cua qua trinh da bién.



3.1.1. Thiét ké by phan ly don gian héa cho qua trinh da bién 2x2

Xét qua trinh 2x2, ¢6 ham truyén dat nhu sau:

_ [911 912]
921 Y22
B0 phan ly duoc tinh theo (3.2) nhu sau:
912
1 - g_
_ 11
b= _9x 1
922
Qua trinh bi phan ly duoc xac dinh theo (3.3), nhu sau:
q =&=g _ 912921
. Ay 1 922
Gpz = 922 _ _ 912921
22 Ay 2 911

3.1.2. Thiét ké bd phan ly don gidn héa cho qua trinh da bién 3x3

Ma tran ham truyén dat chung cho hé 3x3 dugc cho nhu sau:
[9d11 912 Y13
G=|921 Y2 923]
1931 932 933
Ma tran phén ly duoc xac dinh theo (3.2), nhu sau:
[ 1 Ca Cu

Czz  Ca3
C C
p=|¢2 1 &
Ci1 C33
Gs Gs 4
'Cll CZZ

Trong do
Ci Gy Gy (933922 = 932823)  —(g33921 — 931923)  —(g31922 — G32921)
C= [Cm Czo Cza] =|—(933912 — 932013) (933911 — 931913)  — (932911 — 931912)
Cs1 G Cas —(922913 = 923912) (923911 — 921913) (922911 — G21912)

Qua trinh bi phan ly duoc xac dinh theo (3.3), nhu sau:

|

" Ay 922933 — 923932

_ 9 _ [.911(922.933 — 923932) — 912(921933 — 923931) — 913(g31922 — 921932)]

_ 922 _ [922(911933 — 913931) — 921(912933 — 913932) — 923(932911 — 931912)

|

122 Az 911933 — 913931
sz = 933 _ [933(911922 = 912921) — 931(G13922 — 912923) — 952(923911 — 913921)
3 Asz 911922 — 912921
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(3.5)

(3.6)

(3.7)

(3.8)

(3.9)

(3.10)



3.2. K¥ thuét hién thuc héa hoat dong cita bo phin ly don gidn héa
3.2.1 Hién thuc héa

Yéu ciu hién thuc hda cho bo diéu khién 1 tit ca cdc ham truyén thanh phan
phai hop thirc, nhan qua va én dinh. D3i vé6i hé ¢ thoi gian tré hodc ¢ pha khong
cyc tiéu, viéc tinh toan c6 thé din dén céc thanh phan c6 nghiém ze-r6 duong. Hodc
nhu trong phwong trinh (3.17), khi thuc hién phép chia hai ham truyén c6 thé dan dén
ham mii ¢¢ lily thira duwong hay la hé khdng nhan qua. Trong k§ thuat phan ly nghich,
Garrido dé& xuét giai phap bang cach thém mot ma tran duong chéo chua cac thanh
phan ham tr& dé thay ddi dic tinh tr& cia cac ham truyén thanh phan. Viéc nay gay
tranh cdi vi n6 thay doi ban chat dong cua ham truyén h¢ thng. Trong nghién ciru
nay, téc gia sir dung phén ly don gian hoa va ddng thoi dé xuét giai phép vira ha bac
cac ham truyén phic tap vira giai quyét bai toan hién thuc hda cac ham truyén thanh
phan.

3.2.2. Phwong phap ddng nhét hé sé

Phuong phap dong nhit hé sé duoc dé xuét béi Truong va Lee, nham ha bac
ctia cac qua trinh phure tap. Trong nghién citu nay, phuong phap nay dugc mé rong dé
ha béac cac thanh phin cua ma tran phan ly ddng thoi thda man cac yéu ciu cua bai
toan hién thyc hoa.

Céc thanh phan phan ly tir phuong trinh (3.2) ¢6 thé dwoc khai trién theo chubi
Maclaurin nhu sau:

by d;
a7 (s) = aﬂ(1+ s+ Jige Gt 3) +0(s%) (3.11)
Aji Qji Aji
Trong d6 céac hé so dugc tinh nhu sau:
aj; = d5/7 (0)
ddef 7 (0)
jit = T ds
1d%d]” (0) (3.12)
93 as
13 (0
T8 ds3
s=0

3.2.3. Ap dung phwong phap ddng nhit hé sb

Céc khau som tré pha hodc bac 1 ¢6 tré thuong duoc sir dung dé mo ta dic tinh dong
clia cac thanh phéan ctia ma trén phan ly béi vi sy don gian va dap tmg thda man duoc
yéu cau.

= Khéu sém tré pha
KT (TTG.S + 1)

TpS +1

dreff = (3.13)
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_ _ Y _ G
Kr - ajirTra —Typ = ;r (Trb - Tra)Trb - _
ji ji
Cji b'i Cji
K, = Aji, Trp = _i:T‘r‘a = L_t
a X ]1 X ]l
= Khéu sém tré pha co tre
K (Tyqs + 1)e 0

a]-l-

dreff — (3.14)
TpS +1
Twong ty nhur trén, sau khi dong nhét ta c6 cac phuong trinh:
KT = Q;;
b
Or + Trp = Trag = _ﬁ
—02+ (6, +Trp — — Tyaby =
2 T ( r T Trb Tra)Trb Trabr aji (3_15)
1 03 1,.,0?
(E 02 4+ 1,0, + T2 — Traby — Tm‘rrb) Trp + é - n; .

-
2 b a]l ~
De cac thanh phan cua ma tran phan ly de thuc hién, cac gia tri cua 6, T4, Trp phéi
la céc s0 thuc duong.

3.3. Thiét ké bd diéu khién PI/P1D cho hé théng phén ly don gién hoa
3.3.1. Giéi thiéu

3.3.2. Phwrong 4n dé xuét

Trén co s¢ cAu trac cia h¢ diéu khién phan ly don gian hoa hinh 3.1, ta thiy rang hé
thong dicu khien hoi ti€p da bien (n x n) da dwoc phan ly thanh mdt tap hop n he thong
don bién nhu duogc trinh bay ¢ hinh 3.2

: ) o SN oy A
: | I

2 I_l
£ = 9e2 = rl [ %

" o e | "
e I cn I 7 nn

Hinh 3.2 H¢ théng nhiéu vong kin va mé hinh phan ly thanh cac hé théng don
bién tuong ting
Trong d6, g&f 1a ham truyén dat thi ii cua timg vong kin caa hé théng da bién
sau khi da phén ly thanh cac hé théng don bién tuong tung.
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Hinh 3.4 CAu triic cua hé théng diéu khién don bién theo ly thuyét IMC
Trong trudng hop nay viéc thiét ké bo diéu khién tré nén don gian hon rit nhiéu
khi so sénh vai viéc thiét ké bo diéu khién cho hé da bién, do bo phan ly don gian héa
d3 tach méi twong tic bén trong ctia qua trinh da bién (process interaction) va tuong
tac vong kin (closed loop interaction) C6 nghia 1a ta chi can thiét ké bo diéu khién

cho hé don bién vai déi tuong didu khién I ham truyén dat tvong duong g&ft

3.3.2.1. Thiét ké b diéu khién IMC-PI

Theo hinh 3.3 ta c6:

Gp(s) = guf 7 1a ham truyén dat cua qua trinh don bién.

G (s), G.(s), q(s) £-(s) 1an luot 1& ham truyén dat theo md hinh ciu triic IMC,
bo dleu 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 14 tin hiéu didu khién déu ra, gia tri dat
du vao, tin hiéu nhidu diu vao va tin hiéu diéu khién.

Néu mé hinh khéng bi sai léch, nghia 1a Gy(s) = G (s), khi d6 dap ung theo

gia tri dat (set-point) va dap ang khir nhiéu (dlsturbance) trong céu trac diéu khién
IMC dugc thanh Iap nhu sau:

y(8) = Gp($)q() ()T (s) + [1 = Gpq()]Ga(s)d(s) (3.16)
M hinh cua qué trinh G,,(s) dugc tach lam hai phan nhu sau:
Gp(5) = P (8)Pa(s) (3.17)
Trong do:

pa(s) 1a mot phin ciia md hinh bao gdm cac thanh phan cé nghiém zero
dwong hoac khau tr& pha (non-minimum phase) va c6 do loi biang 1.
Pm(s) 12 phin con lai cia md hinh sau khi tach p,(s) .
Khi do, bo diéu khién IMC q(s) duoc thiét ké nhu sau:
4(5) = Pt (SF(5) (3.18)
Véi cau trac didu khién hai bac tu do (2 DOF) bd loc IMC duoc chon lya dé
nang cao dap tng cua hé théng nhu sau:
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taa(Bis+ 1)
f(s) = Os + 12 (3.19)
Trong d6 A 1a thong sé diéu chinh c6 thé dugc st dung dé thoa hiép gitra hiéu
qua thuc thi cua hé thdng va sy én dinh bén viing. S6 nguyén o duoc lya chon vira du
I6n dé 1am cho bo didu khién IMC thuc thi duoc (hop thic).

Ngoai ra, (jé néng cao hon nita dép ung déu, ra theo gia tri dat, viécqlhiét 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).

1= Gy(s)q(s)|

S$=Zq1,Zd2,Zdy

P Bis + 1)

=1 (3.20)
(AS + 1)0! |s=zd1,zd2 ..... Zdy
= 0 N 2
Thay cong thire (3.19) vao (3.17) ta nhan dugc bd diéu khién IMC nhu sau:
v
1 i=1(Bis +1) 301
(ORSIOR - (3:21)

Thay cdng thtc (3.21) vao cdng thuc (3.16), ta c6 dwoc ham truyén dat vong
kin theo gi4 tri dat hodc theo nhiu qué trinh lan lugt nhu sau:
y(s) pa()ZiZi(Bis+1)

r(s) As + 1)«

YO _ (| PO EEaBis D) (322
d(s) (As + 1= d

Khi d6 b diéu khién hdi tiép 1y tuong dugc thanh lap nhw sau:
Ge(s) = () (3.23)

1= Gy(s)q(s)
Chinh vi vay bo diéu khién hdi tiép 1y twong dé nhan dugc dap img dau ra mong
muén duoc thanh 1ap nhu sau:
-1 v
G.(s) = P (8) Lica(Bis +1) (3.24)
As+ D* = pu() X, (Bis+ 1) . )

Cong thic (3.24) hién tai chua phai 1a by didu khién PI/PID. Do do ta phai
chuyén déi thanh bo PI/PID thich hop bing viéc sir dung céc ki thuat xip xi mét cach
phil hop nhét. Trong luan an nay tac gia sir dung k¥ thuat khai trién chudi Maclaurin
va thuat toan xap xi Padé [42].

Déi véi hé bac mot c6 trd (FOPDT) va bac hai c6 tré (SOPDT), bé loc diu vao
duoc thiét ké mot cach tuan tu nhu sau:

_YBs+1
fr($) = Bs+1
yTs+1 (3.25)
fr(s) =

(tytps? + 1,5+ 1)

Trong d6, 0 < y < 1 ¢6 y nghia nhu sau:
- y=0: dap ng theo gid tri dat bi cham
- y=1: khdng st dung b loc ngd vao
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- 0<y<l:tacd thé diéu chinh h¢ s y truc tiép dé dat dugc dép (ing theo gia
tri dat nhu mong muon.

Trong nghién ctu ndy, bo diéu khién dé xuét 1a bo diéu khién PID két hop véi

bo loc ¢6 dang nhu sau:

1 ds?>+cs+1
G.(s) =K (1+—+TDS>

- 3.26
as?+bs+1 (3.26)

Bing viéc so sanh cong thirc (3.13) va (3.14), ta s& x4c dinh duoc cac qui luat
diéu chinh bj diéu khién PID dé xuit.

3.3.2.2. Thiét ké b¢ diéu khién IMC-P1D

Qua trinh FOPDT

Néu ham truyén dat twong duong 1a mé hinh bac mét cé thai gian tré (FOPDT)
€6 dang nhu sau:

Ke—@s
G =
p(s) s+ 1 o . .
Trong d6 K, t va 0 dai di¢n cho d¢ 1oi, hang so thoi gian va thoi gian tré cua
qua trinh. ] )
B0 loc IMC dugc chon lya d€ nang cao dap ung cua h¢ thong nhu sau:

(3.27)

fs+1
ORI (328)
Theo d6 b diéu khién hai tiep vong kin la
(zs+D(Ps+1)
6 = (s + D2 — 55 (ps + D] (3:29)
Bang viéc sir dung phép xap xi Padé 3/2 ddi v6i ham mii e-0s nhur sau:
1 —ﬁs+3;0252 —9—353
e — 5 20 60 (3.30)

2007,
1+TS+ES

~ Thay phuong trinh (3.29) vao (3.30) va bién doi twong duong dua vé bo diéu
khién PID, ta c6 ket qua céc thong so b diéu khién nhu sau:

26
_ (%) 20 6
cTK@ri+0-p’' "5 P73y
2
R
we ., (3.31)
2Ai+6-p)

392[3 0%  16%  22%60
(‘ 20 t60 T 10 T 5 )
@+6-p
B0 loc dau vao dugc thiét ké theo cong thirc (3.28) nhu sau:

b =

—ar,c=4,d=0
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B=1 [1 - (1 - ’%)2 eg] (3.32)

Hé théng SOPDT

Hé bac2¢o tré la mot trong nhitng h¢ thuong gap cia cac qua trinh cong nghi¢p.
Ham truyén dat cd dang tong quat nhu sau:

Ke™? 3.33
) =600 = 53 s 7 » .
Vi md hinh trén, bo loc IMC théng thuong dugc thiet ké nhu sau [52]:
25?4+ Bis+1
= - 3.34
f(s) s+ 1 (3.34)
Nhu thé bd diéu khién IMC duoc xac dinh
() = (t15 + D (15 + D(Bps? + fis + 1)
4= K(is + 1)* (335)
(t1s + (125 + 1)(Bps2 + s + 1) :
Go(s) =

K[(As + 1)* — e=95(B,s% + Bys + 1)]
Két qua ctia bo didu khién PID dwoc x4c dinh mét cach twong tu theo qui trinh
néu trén, cu thé nhu sau:
B B2
K@BA+6 —p1)’ o =Futo = B

( By + %_9_4_6/1_94_3/12

K. =

10 5

a= GA+0—5) — (11 + 12),

368, 36%B, , 63  316% 6120 .,
b_( 5 20 Te0T 20 T 5 /1)_”
- BA+0 -3 12

—a(ty +1,) (3.36)
20 d_az
. 5 _20 3 6 3 [
1\ =8 1\ =2

2 A — — A —
; Ti (1 T1) e™ 1] T3 [(1 2) e’z 1]
e (t1 — 12)

n° =2
B, =12 [(1 —T—) et — 1] + BT,
2

Ddi v6i céc h¢ thong va qué trinh khac, céch x4c dinh qui lut diéu chinh cia
bd diéu khién PID két hgp bo loc theo phuong phép deé xuat dugc thuc hién mot cach
tuwong tu nhu trinh bay o trén.
3.4. Po lwong, danh gia chit lwong ciia cac hé théng phén ly don gian héa

3.4.1. Tiéu chuan IAE (Integral Absolute Error)

i Dé danh gia va so sanh cac hé théng didu khién khac nhau, ta thuong dung tiéu
chuan TAE nhu sau:
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IAE = fwle(t)l dt (3.37)
0

Trong d6, e(t)la sai s6 giira ngd ra va gia tri mong muon cua hé tai thoi diém t.
Do 49, gia tri IAE duoc xac dinh cang nho cang tot.

3.4.2. Tiéu chuén TV (Total Variation)

TV 1a mot tiéu chu?ymv danh gia mirc d6 thay dbi vé mic tan sb (smooth) cua mot
tin hiéu va thudng dung dé danh gia chat lugng cua cac tin hiéu diéu khién. Gia tri
cta TV duoc tinh theo cng thirc sau:

[ee]

TV = > lurer — (3:38)
i=1 3 : LA iz
Trong d6, u;va u;,4la gia tri ca tin hiéu dicu khién ¢ hai thoi diem lién ticp.
Gia tri TV duoc xac dinh nho dén mirc c6 thé.
3.4.3. Tiéu chuin dd vot 16 (Overshoot)

Dbi véi tiéu chudn d6 vot 16 quen thudc cia 1y thuyét diéu khién, trong luan an
ndy, tac gia s& xem xét ¢ cd hai truong hop 1a vot 10 cua dép Ung khi gia tri dat thay
doi va nhiéu thay doi.
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CHUONG 4. NGHIEN CUU MO PHONG VA PHAN TICH CHAT LUQNG
CUA HE THONG PIEU KHIEN PHAN LY PON GIAN HOA

4.1. Cac m6 hinh ciia hé théng da bién tiéu chuin dung dé mé phéng

Hién nay trén thé gisi cac mé hinh tiéu chuén cua cac hé théng da bién thuong
duoc str dung dé mo phong gdm nhitng qué trinh nhu sau:
% Cot chung cit Wood & Berry (WB).
Cot WB ding dé tach Mé-tan va nudc ¢6 ham truyén dat nhu sau:
12.8¢7° —18.9e‘35]

G(S) — [1675 +1 21s+1

4.1
6.6e77S  —19.4e75%¢ (1)
109s+1 14.4s+1
% Cot chung cat Vinante & Luyben (VL). .
Cot VL dung dé tach Ethanol va nudc ¢6 ham truyén dat nhu sau:
—22e™5 13703
G(S) — 7s+1 7s+1 (42)

—2.8e7185 437035
9.5s+1 9.2s+1
% Cot chung cat Ogunnaike & Ray (OR).
Cot chung cat OR dung dé tach hdn hop giita etan va nuéc duoc nghién ciu boi
nhém nghién ctu cia Ogunnaike va cong su.. , theo d6 ma tran ham truyén dat c6
dang nhu sau:

0.66e7265  —0.61e735S —0.0049¢~°
6.7s +1 8.64s + 1 9.06s5+1
1.11e7%5  —2.36e73S —0.01e"12s
G(s) = ¢ ¢ e 4.3)
3.25s + 1 5541 7.09s + 1

—34.68¢7925  462¢7°%  0.87(11.61s + 1)e~*

78155 +1  109s+1 (389s+1)(188s+ 1))

Trong phan nay, phuwong phap dé xuat dugc ap dung cho céc /qua trinh da bién
dugc gidi thi¢u nhu trén. Ngoai ra, cac phuong phap thiét ké hé thong dleu khién da
bién ndi tiéng sau day dugc sir dung dé so sanh véi phuong phap dé xuét:

% Phuong phap thiét ké hiéu chinh BLT dwoc dé xut boi Luyben.
% Phuong phap thiét ké chuyén tiép dua trén tin hiéu hdi tiép tu dong didu chinh
(SAT) duoc d& xuét boi Loh.
Nhitng nghién ctru so sanh nay duogc thyc hién dé chimg minh sy hiéu qua cua
phuong phép dé xuét.

4.2. M6 phéng, so sanh phwong phap d& xuit véi cac phwong phap khac
4.2.1. Pidu khién ¢t chung cit Wood & Berry (WB)

Theo ma tran ham truyén dat ciia cot chung cat WB thé hién & cong thuc (4.1).
B0 phén ly don gian hda dugc xac dinh theo cong thirc (3.5) nhu sau:
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1.477(16.70s + 1)e~2%S

1 21s+1
D(s) = 46
() =10.34(14.45 + De—*s . (46)
109s + 1

Bo diéu khién PID dugc xac dinh theo cong thirc tir (3.21) va cac thong sb cua
bo diéu khién va cac chi s6 danh gia chat lugng cho timg phuong phép so sanh duoc
ligt ké trong bang 4.1.

Dép tng vong kin theo thoi gian cia mdi phuong phap thiét ké vai gia tri dat
theo ham n4c don vi dugc thuc hién tudn ty tai thoi gian t = 0 va t = 200 (phut). Ta
thiy ring hé thng diéu khién phan ly thiét ké theo phuong phap dé xut c6 dap ung
nhanh, can bang hon khi so v6i cac phuong phép khac. Hiéu qua cua phuong phéap dé
XUét ciing duoc xac nhén béi gia tri IAE nho nhét thé hién trong bang 4.1.

2

—Proposed
&
= '.,:’ s o
P
% 50 100 750 200

Time [min] A
Hinh 4.1 Dap umg vong kin ddi véi sy thay ddi gia tri dat theo ham bac thang
cho c6t WB (vong 1)

05
055

50 100 150 200
Time [min]

Hinh 4.2 Dap g vong kin dbi vai su thay di gid tri dzt theo ham bac thang
) . cho cot wB (vong 2) )
Bang 4.1 Thong s6 cta b diéu khién va két qua thyc thi cua hé thong WB

Phuong phap Vong K. T, T, A IAE
Phuong phap dé xudt ; -([))831?7 ggi: 8522 ggg 11.128
1 0.375 8.29 - -
BLT 5 007 536 - - 56.473
1 0.87 3.25 - 1.11
SAT 2 -0.09 10.4 B 711 24.297
Luu y: Bé loc cua bg dieu khién de xuat vong 1 la:
Fouls) = ds*+cs+1 _ 9.194s + 1
B5 loc diu vao o as2+.bs+.1...0.103s2 +.0.369s5.+.1
o 82755 +1
) =507
Bé loc cua bg diéu khién dé xuat vong 2 la:
_ds®+es+1 10.603s + 1
B5 loc diu vio Fal) = e b il 048552 £ 05725 5.1
o 8.48s+1
fa($) =007
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Phuong phap dé xudt ding dé thiét ké bo didu khién PID da vong kin ding cho
hé théng diéu khién phan ly don gian héa. Phuong phéap nay c6 thé ap dung cho nhiéu
qué trinh da bién trong cong nghiép. Két qua md phong cho thiy bo didu khién dé
xuét c6 kha ning nang cao chit luong cua d4p ing dau ra vai tri sb IAE thip hon rat
nhiéu khi so sanh v&i cac phuong phéap khac.

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

Theo ma tran ham truyén dat cua cot chung cit VL thé hién ¢ cong thic (4.2).
B0 phan ly don gian hda dugc xac dinh theo cong thirc (3.5) nhu sau:

1 0.591
D(s) = |0.651(9.2s + 1)e~ 1455 1 4.7)
9.55 + 1

Bang 4.2 liat ké két qua tinh toén, thiét ké va do luong cho ting phwong phap
s0 sanh. Nhu ta thiy & hinh 4.3 va hinh 4.4, dap tng vong kin cua hé thdng phan ly
don gian héa nhanh hon, can biang hon khi so v6i cac phuong phap BLT va SAT. Gia
tri IAE nhé nhit ciia phuong phéap d& xuit dwoc thé hién trong bang 4.2.

2 T
L.5F i
i
..... A,
1r ,\/f-:’_y_,.-u JW—-»-
- }/ ,
—Proposed
0 -=-BLT
|==-SAT
—0"0 10 20 30 40 50 60
Time [min]

Hinh 4.3 B4p ting vong kin di vai su thay ddi gid tri dzt theo ham bac thang
cho cot VL (vong 1)

L
0 10 20 40 50 60

30
. Time[min] .
Hinh 4.4 Bap ung vong kin d6i véi sy thay doi gia tri dat theo ham bac thang
cho cot VL (vong 2)
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Bang 4.2 Thong sb cua bd diéu khién va két qua thuc thi caa hé théng VL

Phuong phap Vong K. T, Tp A IAE
Phuong phip d& 1 2029 0272 0085 16 260
xuat 2 0.131 0.14 0.044 1.3 '
1 -1.07 7.10 - -
BLT > 197 258 - - 8.61
1 -1.35 2.26 - -
SAT 2 3.97 2.42 - - 715
Luu v B loc cia bg dieu khién dé xuat vong 1 1a:
A L ds?+cs+1 3.19s+1
BO loc dau vao FerS) = T ps+ 1 0.01652 + 01185 + 1
91s+1
fri(s) = 3719571
B loc cua bo dieu khién de xuat vong 2 la:
. L ds?+cs+1 3.1455 + 1
B0 loc dau vao Feas) = T e 71~ 000552 70,095 7 1
1.89s+1
fra(9) = 3952 =

4.2.3. Piéu khién ¢t chung cit Ogunnaike & Ray (OR)

Theo ma tran ham truyén dat cua cot chung cit OR thé hién & cong thirc (4.3).
B0 phan ly don gian hoa dugc xac dinh theo cdng thic (3.8) va (3.9) nhu sau:
0.7278(20.463s+1)e 14375

1 0.0048¢~0:203s
(17.938s+1)
D(s) = 0.352¢ 701598 1 —0.0028 (4.8)
23.238(18.29s5+1)e~ 72209 _26.457(4.128s5+1)e ~64305s 1
(17.271s5+1) (14.5215+1)

Trong nghién cttu md phong, phlr(mg phap d& xuét duoc so sanh vé6i phuong
phap BLT va SAT. Thong sb diéu khién va két qua xac dinh chét luong cua ca ba hé
théng diéu khién dugc liét ké & bang 4.3 nhu sau:
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Bang 4.3 Thong sb cua b diéu khién va két qua thuc thi cua hé théng OR

Phuong phap vong K. T, Tp A IAE
Phuong phép & 1 0.34 1.04 0.325 4.00
XU 2 -0.089 1.20 0.375 3.75 86.24
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 -0.37 10.52 - - 889.73
3 4.56 3.09 - -
Luu y: Bé loc cua bg diéu khién dé xuat vong 1 la:
i L ds?+cs+1 5.965 + 1
BO loc dau vao FaS) = T het 1 02352 1 04035 7.1
3.57s+1
I L A X T
B loc cua bg diéu khién dé xuat vong 2 la:
. o ds?+cs+1 483s+1
B3 loc dau vao Fea(s) = as?+bs+1 _ 0352+ 044s +1
295 +1
fre) = 37
B¢ loc cuia b diéu khién dé xuat vong 3 la:
i L ds?+cs+1 3.04s+ 1
BO loc dau vao Fea(S) = T e+ 1 - 0.03552 4 0162541
1.823s+1
fs) = a1

Trén co s thay doi bién do cua gia trj dat dau vao cua cc vong kin 1,2 va 3 1
1,1 va 1, ta xac dinh dugc dac tinh cia dap ung dau ra caa ca ba hé thong duoc thé
hién & hinh 4.5, hinh 4.6 va hinh 4.7

1.4 T T T T T T T T
1 .2-' H
mARARS L [
s
—Proposed
0.2 ~==BLT H
-=-SAT

0 100 200 300 400 500 600 700 800 900
Time[min]

Hinh 4.5 Dap ting vong kin cia cot chung cit OR (vong 1)
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Y2
=

-10 100 200 300 400 500 600 700 800 900
Time[minl

Hinh 4.6 Dap ting vong kin cua cot chung cit OR (vong 2)

20 ; , 3 , ; :
10 i
0 ficker
)
-~
-10 i
20
230 1 1 1 L 1 L L L
0 100 200 300 400 500 600 700 800 900

Timelmin] ,
Hinh 4.7 Bap ung vong kin cta cdt chung cat OR (vong 3)

Tir két qua md phong & bang 4.3, hinh 4.5, hinh 4.6 va hinh 4.7 ta thdy ring dap
ng déu ra cua hé thdng dé xuét c6 chét lugng cai thién dang ké khi so sanh véi ba hé
thong con lai, do dap tmg dau ra hau nhu d loai bo tac dung cia nhidu rat dang ké.
Chinh vi thé gié tri IAE cua phuong phap dé xuat Ia rat nho (86.24) khi so sanh véi
gia tri IAE cua 2 phuong phap con lai la (530.46 va 889.73).
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CHUONG 5. MO HINH UNG DUNG

5.1. M hinh héa hé théng

Dé co thé thiét ké cac thuat toan diéu khién cho cac hé thong diéu khién qua
trinh trong thuc té, dam bao su 6n dinh va hoat dong tin cay voi cac dap tng ngd ra
nhu mong mudn, viéc m6 hinh héa hay mo ta hé bang cac phuong trinh toan (ham
truyén) 1 hét sirc can thiét. Thong thuong c6 hai phuwong phap trong viéc md ta toan
hoc hé théng:

- Phuong phdp Iy thuyét: xay dung mé hinh dya vao cac quy luat vat Iy, héa
hoc, sinh hoc dé rat ra mé hinh toan duéi dang phuong trinh vi phan.

- Phuwong phap thuc nghiém: dya vao dir liéu thuc nghiém vao-ra cua hé
théng, ta c6 thé d& xuit cac phuong phép hodc sir dung cac cong cu ¢ sin
dé nhan dang hé théng.

Trong luan vén nay, tac gid st dung phuong phap thuc nghiém va cong cu nhan
dang cua Matlab (Ident Toolbox) dé dat duwoc mé hinh todn cua cac hé thdng tng
dung. Trong phuong phap nay, viéc lya chon loai tin hiéu thir ciing nhw cdu trac (dic
tinh) caa mé hinh 1a hét strc quan trong. Céc loai tin hiéu thir thuong dugc ding cho
nhan dang nhu sau:

- Chudi nhi phan gia ngiu nhién (Pseudo random binary sequence — PRBS)

- Nhidu nhi phan tdng quat héa (Generalized binary noise — GBN)

- Tbng cac séng sin (sum of sinusoids)

Dit lidu vao-ra caa hé théng sau khi tién xu Iy nhu loc nhiu, loai bo offset (muc
DC) duoc luu trit st dung cho budc nhan dang ciling nhu danh gia mo hinh. Viéc chon
c4u trac mé hinh phi hop ciing 13 bai toan khé khin. Tuy nhién, do giéi han cia dé
tai chi khao sat cac hé thong diéu khién qua trinh véi cac dic trung ciia hé quan tinh
c6 tr& nén viéc chon c4u tric mé hinh ciing d& dang hon. Budc cudi ciing ctia qua trinh
nhan dang la danh gia mé hinh. Phuong phap thuong ding dé danh gia 1a sir dung tin
hiéu thir mai chua dung & bude ude lugng thong sé mé hinh dé dua vao hé théng that
cling nhu mé hinh nhan dang duoc va tin hiéu ra & ca hai hé duoc so sanh vai tiéu chi
sao cho sai léch & ngd ra cang nhé cang tét. Qua trinh dwoc lap di 1ap lai cho dén khi
dat dugce mo hinh c¢6 d xap xi v6i hé thdng that nhit.

5.2. Ung dung diéu khién hé bdn nuéc (hé 2x2)
5.2.1. Gi6i thiéu chung

Hé gdm hai bdn nude thong nhau, mdi bdn c6 mot dong vao véi luu luong dwoc
didu khién thong qua may bom. Hai bién tin Yaskawa duoc sir dung dé didu khién
tbc do cta may bom. Do d6, luu lrong nuéc chay vao cac bdn duoc didu khién théng
qua dién ap diéu khién cip cho bién tan, dién 4p 0-10 (VDC). Mai bdn sir dung mot
cam bién dién dung dé do muec, tin hiéu tra v& la dong chuan cong nghiép 4-20 (mA)
théng qua dién tré 500Q dé thanh dién ap twong tw 2-10 (VDC) twong &ng véi mirc
nuagc 0-45 (cm).
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Hinh 5.1 M4 hinh tng dung bdn nudc doi

T4t cac c4c tin hidu tuong ty vao-ra dwoc thu thap bai card chuyén dung cia
hang National Instrument (NI), PCI 6052e. M6 hinh dugc diéu khién hoan toan bang
Matlab ¢ ché d6 Real-Time Window Target.

Muc tiéu caa hé théng Ia thiét ké bo diéu khién phén ly don gian hoa cho hé 2
ngo vao - 2 ngd ra. Trong d6 2 ngd vao 1a 2 di¢n ap didu khién cap cho bién tan, 2 ngd
rala chleu cao muc chét long ¢ ca hai bdn. Bo diéu khién phai dam bao dap ting co
sai s6 xac 1ap bang 0, thoi gian d4ap umg da nhanh véi do vot 16 cang thap cang tbt.
Hon nira, v6i k¥ thuat phan ly don gian hoa, sw anh husng qua lai giita cac bién qua
trinh phai phai duoc giam thiéu. Trong tng dung nay, khi muc chat long cua mot bén
thay ddi thi khong anh huéng dén muc chat long ciia bon con lai, hoc néu cé thi anh
huong ndy phai khong dang ké.

Luu db nguyén ly hoat dong bon nude duge thé hién ¢ hinh 5.2.

VA 0ZZ0

h

WAOZZO

Hinh 5.2 Luu d6 nguyén Iy hoat dong bdn nudc
5.2.2. M6 hinh héa hé bon nwéc doi

Pé don gian trong viéc tinh todn bo phan ly ciing nhu thiét ké bo diéu khién
tuong ng. T4c gia sir dung k¥ thuat xap xi Padé 1/1 cho ham truyén G(s) [32], két
qua xap xi duoc tir méd hinh nhan dang:

11.20e70835  0.92¢7>185s
161.2s+1 186.7s + 1 ]
0.39e~441s  10.84¢7084s

14296s+1 40.21s+1

G(s) = [ (5.3)
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5.2.3. Tinh to4n b phan ly va cic thong s6 bd diéu khién
Str dung k§ thuat phén ly don gian hoa cho hé 2x2 véi phuong trinh tir (2.12) ta
¢ cac ket qua sau:
Céc phan tir cia ma tran phan ly:

D = Py 0036(4021s+1) (5.4)
2 P,, (142.96s + 1)

D, = _P - _w —4.355s (5.5)
12 Py (186.7s + 1)

Céc phan tir cia qua trinh sau khi dugc phan ly ¢6 ham truyén nhu sau:

Str dung phuong phap khai trién Mclaurin nhu d& cap & (muc 3.2) dé x4p xi cac
thanh phin duong chéo cia ma tran sau khi phan ly (Qu va Qz2). Ta c6 két qua xap
Xi dat dugc nhu sau:

11.1669¢~0-8525s
= 160'7732‘18%—3}
10.808e™~
Q22(5) = 3526615 + 1. , (~5'9)

Dua theo phuong phap dé xuat tim thdng so6 PID cho céac hé bac 1 c6 tré theo
céc cong thirc (3.31) dén (3.32), ta tinh dwoc cac thong s6 cua hai bo diéu khién PID
cho hai thanh phan duong chéo ciia ma tran sau khi dugc phan ly nhu sau:

(5.8)

Biang 5.1 Thon

sb bo diéu khién va bd loc cho hé bdn nudc

Loop K, T T Bo loc PID Bo loc ngd vao
1 1605 034 0106 f=_ 203355+1 028335+ 1
0.0375s% + 0.0215s + 1 28335 + 1
2 0213 087 0273 f= 5801s + 1 058015 +1
0.020157 + 013385+ 1 58015+ 1

Sir dung két qua tinh toan dugc ta md phong trén Matlab:

nmgs) | &L onj gl —112 s J outt_sd
{2} an]— QT e ]
Step Transport ToWorkspate
SP fitter1 PID1 G1 Delay
mis) | ) 02 |
186.75+1 Teersel] U
=Y Transport =1 transport
D12 Delay4 612 Delay1
L numesy L] s B
dents)
Transport Transport
D21 peiays c21 Detayz
] nums) 4 nums) 02
= il Out 4 | ¢ out2_sd
o= R -
Step’ | b

SPfitter 2

PID2

Transport
G22 Delay3

Hinh 5.7 So @ Simulink cua bo diéu khién
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Dép wng mod phong bdn 1 va bdn 2 nhu sau:

50
Time (s)

Hinh 5.8 Dap ting md phong cua mic
nudc ¢ bon 1

] 1w w0 4 80 70 80 80 100

nmS:(s)
Hinh 5.9 Dap tng mo phong cua mac
nudc ¢ bon 2

5.2.4. Thue thi bd diéu khién trén mo hinh that

So d6 bo didu khién bao gdm bo phan ly don gian hda va bo diéu khién PID dé
xuit dugc thé hién trong hinh 5.10. So d6 Simulink nay duoc thiét ké dé chay ché do
thoi gian thuc (Real-Time) cua Matlab véi sy hd tro cia Card thu thap dir liéu PCI-
6052E cua hang NI (National Instruments).

o
CAMBIENMUC T ot
CAM BIEH 1
Scopel
CAMBIEN UG Ta Worksgaced

Cal BIEH 2

Hinh 5.10 So d Simulink cua b¢ diéu khién chay ché do Real-Time
Dép g dau ra caa hé thong khi gia tri dat 1a 300 mm nhu sau:

Dap ung cua bon 1

Dap ung cua bon 2
35 35

\
. |

30

25

20

level (cm)
level (cm)

15

10

L

) 5

1/

100 %0

0 10 20 30 40 50

time (s)

Hinh 5.11 Béap tng mitc nudc & bdn 1

6 70 80 90 10 20 30 40 50

time (s)

Hinh 5.12 Béap tng mic nudc & bdn 2

60 70 80 90 100
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Dap tmg dau ra cua hé thong khi gia tri dzt 12 200 mm nhu sau:

Dap ung cua bon 1
22 r

Dap ung cua bon 2

~ L

45

) [ |

sP
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level (cm)
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Hinh 5.13 Pép tng muc nudc & bdn 1

5.2.5. Nhan xét

100
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50
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90

100

Hinh 5.14 Pap wng mitc nuéc & bdn 2

Qua qua trinh thyc thi bo didu khién phan ly cho hé bdn nude déi ta dat duge cac két

qua sau :

- Nhan dang va mé hinh héa duogc hé bdn nuéce 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 dugc ma tran ham truyén
b6 phan ly va st dung phuong phap dé xuit dé thiét ké bo diéu khién PI/PID

cho hé da bién twong ung.

- Két qua mo phong thuat toan phan Iy va diéu khién rat t5t. Pap wng mic & ca
hai bdn khong c6 vot 16 va sai sé xac lap bang 0.
- Céc thdng s6 tinh toan sau khi md phong duoc ap dung truc tiép trén hé thong
that cho két qua gan nhu khi mo phong. Pap ung muc chat long & ca hai bon

khi khao sét nhidu truong hop khéac nhau cho két qua kha tét.

5.3. Ung dung diéu khién thap chung cit ethanol va nuwéc (hé 3x3)

Ngay nay, cac phuong phap dugc sir dung dé néng cao d¢ tinh khiét: trich ly,
chung cat, ¢6 dic, hip thu.. .Tuy theo dac tinh yéu cau cta sin pham ma ta c6 su lua
chon phuong phép thich hop. Déi véi hé Ethanol -
toan, ta phai ding phuong phéap chung cit dé nang cao do tinh khiét cho Ethanol.

Nuéc 12 hai cau tir tan 1an hoan

5.3.1. Thiét ké - ché tao m6 hinh thuc nghiém

Viéc thiét ké va ché tao mo hinh thuc nghiém duoc thuc hién trong pé tai Cép
B0, “Nghién citu va ché tao thdp chung cat hon hop Ethanol va Nudc cong suat 100

lit/ngay”.

Dudi day 1a mé hinh thiét ké 3D. thap chung ct
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Hinh 5.15 Mo hinh thiét ké 3D Hinh 5.16 M6 hinh thap
thap chung cat chung cat Ethanol va Nudgc

5.3.2. Luwu db thiét bi (P&ID) ciia thap chungcit

Sin phim déy Sin phim dinh

Thung nguyén ligu Nuge

Hinh 5.18. Luu d mé hinh h¢ théng thap chung cit Ethanol va Nudc
Trong do:
V1, V2, V3, V4, V5, V6 va V7 La Van ON-OFF
R1,R2,R3vaR4 La dién tro gia nhiét
FV1, FV2vaFVv3 La Van tuyén tinh
N1, N2, N3, N4 va N5 La s tray thap chung ct
FC1, FC2 La bo diéu khién luu lugng
TC1,TC2, TC3vaTC4 La bo diéu khién nhiét do
LC1,LC2 La bo diéu mirc
B1, B2 La bom dinh lwgng
B3 La bom ly tdm
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5.3.3. So' dd khoi by diéu khién ciia hé théng
Luu db nguyén ly hoat dong thap chung cit Ethanol va Nudc dugc thé hién &
hinh 5.18. M6 hinh dugc dieu khién bang Matlab sir dung Real Time Window Target
Vi su ho tro cua card PCle 6323. Cac tin hiéu vao, ra nhu sau:

MCB

v L ) ]

220 VAC

Monitor

Tai tr&r
0~220 VAC

Tai tré
0~220 VAC

PCle 6323
H notH
Haiz AozH
Hais AC3
GND
Il
L

Hinh 5.19 So d6 khéi b¢ diéu khién

5.3.5. Két qua diéu khién

% MO0 phéng siz dung Matlab

Sau khi nhan dang m6 hinh thép chung cat dya vao 3 bién qué trinh: nhi¢t & bon
day, nhiét do va luu lugng dong cap li¢u, ta co cac thanh phan duong chéo cua ma
tran ham truyeén (sau khi phan ly) c6 dang nhu sau:

—34.4752s
10.139¢ (5.18)

Q1:1(s) = —1127.952 ;;11
6.6232¢2581s
_ bbesce T 5.19
Q22(s) 14518375 + 1 (5:19)
- . S
0.0082¢ (5.20)

Qs3(8) = 5 13585 + 1
Str dung phuong phap thiét ke bo didu khién PID @& xuit cho hé bac 1 c6 tré

(FOPTD) ta tim dugc céc thong sb cua bd didu khién va b loc twong ting cho ca ba
vong diéu khién. T4t cac cac thdng s6 dugc tdng hop trong bang 5.2

Bing 5.2 Thong sb bo diéu khién va b loc cho thap chung cat

Loop K. Tl TD Bo loc PID Bo loc ngd vao
f

1 01302 149208 = 46628 | 1859973s+1 - %
T 5343457 +47.53955 11 s
f 391475 +1

2 00454 10324 | 03226 @ 39.1469s+1 - @T;Jrl
= 0775152 4028975 + 1 1469s +
f

3 315357 83264 | 26020 @ 486172s+1 - %
T 284367+ 14300451 ol
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Dua trén cac thong sb diéu khién bang 5.2, tac gia thiét ké bo dieu khién st dung
phén ly don gian hoa va bo dieu khién PID st dung Simulink ciia Matlab. So d6 bo
diéu khién thé hién & hinh 5.22.

num(s) *
i { > (a1 3]
= e

SP fitert PIDT

2 Q2p— [ ovt2_sd
To Workspace1
= Jdm3 an) | ou3_sd
w |
3 in1  Oui| T
). “L V| denis) ¥ Simplified Decoupling Thap chung cat o Wuskpecet
SP fiter2 piD2

num(s) ~ |
o) —slint  Outt
I, don(s) ¥
Step2
SP fiter3 PID3

Hinh 5.22 So db Simulink cua b diéu khién chay ché do Real-Time

Céc két qua mo6 phong dat dugc nhu mé ta & hinh 5.23, hinh 5.24 va hinh 5.25.

12

n
o.a-(

> 0.6

044

0.2

0

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

Hinh 5.23 Bap tng nic nhiét do cua bon day

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

Hinh 5.24 Pap ang néc nhiét do dong cip lisu
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12

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

Hinh 5.25 Dap tng nac cua luu lugng cap ligu

Tir cac hinh (5.23) — (5.25) ta thdy dép ing m6 phong cho két qua rat tot. Sai s6
tinh theo tiéu chuan da dé cap ¢ muc 3.4, IAE = 812.2369; khong c6 do vot 16 trong
ca 3 dap ung. Day la co s& quan trong dé tac gia thuc thi b diéu khién trén md hinh
that.

% Diéu khién thei gian thuc

Trong truong hop nay so do Simulink dugc cai dit chay ché do thoi gian thuc
(Real-Time Window Target). Do dé khéi “OUT TO COLLUMN” thyc chat 1a xut
cac tin hiéu didu khién thdng qua Card thu thap di lidu (PCI 6323¢) dé didu khién
tryc tiép ddi tugng that. Khéi “ANALOG IN” duoc sir dung dé doc céc tin hiéu tir
cam bién (nhiét do day, nhiét d6 dong cap liu va luu lwong cap lisu).

T} .{gumzsn B o dn o i Tbol -~ NHIETDO DAY
anis)
sP1

SP fitert PID1 in2 o in2 Tin

NHIETDO
i3 out| 3 Finf—1 CAP LIEU

num{s) P S —
deniz) ¥

5P finerz FiD2

]

Simpifies Decoupling  OUTTO  ANALCG IN
COLLUMN LU LUGNG
CAP LIEU

S fiterd PID3

Hinh 5.26 So db Simulink cua b diéu khién chay ché do Real-Time

Hinh 5.27, hinh 5.28 va hinh 5.29 la qué trinh thyc thi bo didu khién trén hé
thong that ciing nhu dit ligu dugc thu thap trong 1000(s). Tir dd thita thay cac thong
sb cong nghé cua qua trinh chung c4t Ethanol va nu6c dugc didu khién rat tét. Cac
dap tng thé hién tuong ty nhu két qua mo phong dat dugc, ching t6 qué trinh mo
hinh héa va tinh toan phén ly hiéu qua. DBé giam thoi gian chung cit nén ndng dd cn
ngd vao duoc pha lodng khoang 60%, cdn ngd ra sau mot lan chung cét dugc khoang
90% (chwa c6 hdi huu).
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Hinh 5.29 Két qua diéu khién bién Luu luong cap liéu khi md phong va thuc nghiém
Nhdn xét:

Tir db thi ta thiy cac thong s6 cong nghé cua qué trinh chung cit Ethanol va
Nué6e dugc didu khién rat tét. Cac dap tng thé hién twong tu nhu két qua md phong
dat duoc, chung té qué trinh mo hinh héa va tinh toan phan ly hiéu qua. Sy sai léch
gitra dap ing that va md phong chi yéu do sai s6 mo hinh trong qua trinh nhan dang
hé thongl

Do diéu kién thyc té, tac gia khong thé so sanh phuwong phap dé xuét véi cac
phuong phép khac dd d& cap trong phan md phong. Tuy nhién, dé ting tinh thuyét
phuc vé hiéu qua cua bo didu khién d& xut, tAc gia da so sanh két qua md phong trén
m6 hinh nhan dang duoc véi két qua thyc nghiém trén thap chung cat thyc té. Tur hinh
5.37, ta nhan thay hinh dang dap ng cia cac ngd ra trong dong nhau. Chi tiéu chat
lwong tinh theo tiéu chuan danh gia sai s6, IAE = 1771. Mac du gia tri ndy gap doi gi4
tri IAE md phong, nhung diéu ndy hoan toan thyc té vi dap tng mé phong & trang thai
x4c 1ap luon khong ddi nén Ae s& bang 0. Diéu nay c6 nghia la gia tri IAE md phong
cha yéu phan anh sai s cua qua trinh qua do. Con trong bai toan thuc nghiém, gié tri
that cua ngd ra ludn thay ddi, ké ca & trang théi xac lap (thay dbi nho), diéu nay s& dan
dén gia tri IAE ting cao.
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MGt sb hinh anh m t‘é két qua dat dugc sau qud trinh chung cét.

Hinh 5.31 Thap chung cét dang van hanh

5.3.6. Nhin xét
Qua qua trinh ung dung cac nghién ctu 1&n hé théng thap chung cat ty ché tao,
tac gia da dat dugc cac két qua sau:

—  Dua vao khao sat cac thong s6 cdng nghé anh huéng dén thanh phan ndng
d6 diu ra cia qua trinh chung cat, tAc gia dd mo hinh hoa va nhan dang hé théng vai
3 bién chinh: nhiér dg bon day, nhiét dg cdp liéu va luu lwong cdp lidu. Tir do, dong
hoc hé théng c6 thé dugc mo ta bai ma tran ham truyén 3x3.

—  Ap dung céc nghién citu vé& bo phan ly cho hé 3x3 da trinh bay & chwong
ly thuyét, tAc gia da tinh toan ma tran phan ly cho hé 3 bién va giai quyét dwoc 2 vin
d& quan trong nhat cua bai toan phan ly 1a vin dé nhan qua (causality) va hién thuc
hoa (realization).

—  Sir dung phuong phéap d& xuit dé thiét ké bo diéu khién PID cho hé théng
sau khi phan ly.

—  Céc két qua tinh toan dwoc ap dung truc tiép 1&n hé théng that va dat két
qua kha tbt & 3 bién didu khién 1a nhiét d6 bon day, luu lwong cip liéu va nhiét do gia
nhiét dong cap lisu.

—  San phim dat duoc ting ndng do tir gin 60° diu vao thanh hon 90° chi
sau mot lan chung cit (chua hdi luu).
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CHUONG 6. KET LUAN VA KIEN NGHI

6.1. KET LUAT

Luan 4n d& xuét phuong phéap xdy dung b phén ly don gian hda cho hé da bién.
Phuong 4n dé xut mang tinh tng quét va c6 kha ning tng dung cho céc hé théng
didu khién phtrc tap. Bén canh d6 phuong phap hiéu chinh thong sé bo diéu khién PID
dwa trén cau trac md hinh ngi (IMC) cho cac hé dién hinh ciing dugc d& xuat. Phuong
phap d& xudt dua ra dwoc cac cong thirc tudng minh tinh todn cac théng s6 cua bo
diéu khién PID. Hon nita, c4c bo loc ndi tiép véi bo didu khién tuong tng véi cac dic
tinh qua trinh khac nhau ciing dwoc thiét ké nham cai thién kha ning dap tng cua hé
théng. Xu huéng sir dung bé loc trong ciu tric bo diéu khién duoc phét trién manh
mé trong nhiing nam gan ddy. Céc két qua dat duoc cua ludn an duoc tém tit dua trén
hai khia canh:

Tinh méi:

Xay dung dugc phuong phap chung lam nén tang dé diéu khién h¢ thong da
bién phc tap. Dé xuat phuong phap thiét ké mé rong hé diéu khién phan ly don gian
héa. Bao gdbm: quy luat diéu khién hé théng da bién, quy luat didu chinh hé théng da
bién, phuong phap so sanh va phuong phap danh gi4 kha ning thyc thi cua toan hé
théng. Phuong phap nay cua luan &n c6 kha ning giai quyét nhiém vu diéu khién hé
théng 6n dinh, didu khién bam én dinh cua hé thong diéu khién ciing nhu kha ning
khéng nhidu qua trinh. D& xuét phuong phép thiét ké bo didu khién da bién nhiéu vong
I3p PI/PID két hop vai cac bo loc tuong tng dung cho cac hé théng diéu khién phan
ly don gian héa. T4c gi ciing da tinh todn cac truong hop cu thé cho cac hé 2x2, 3x3
va tir d6 xay dung céc chuong trinh m6 phong két qua dat dugc trén Matlab. Két qua
mo phong cho thay phuong phap dé xuét cho két qua tét hon hin cac phuong phép
ndi tiéng khéc vé kha niang bam sat gia tri dat ciing nhu kha niang khang nhiéu qua
trinh cua hé théng.
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Két qud thyec tién:

Xay dung duoc cac mo hinh thyc nghiém dé kiém ching cac phuong phap dé
Xuit bao gdm hé bon nudc (2x2) va thap chung cat hdn hop Ethanol va nudc (3x3).
Dé c6 thé ap dung dugc cac két qua Iy thuyét, mé hinh toan mé hinh thuc nghiém can
phai dat dwoc. Do gidi han nghién ciru cia luan an, cac ly thuyét nhan dang va mo
hinh hda hé théng khong dwoc d& cap chuyén siu. TAc gia st dung phuong phép thuc
nghiém két hop véi toolbox nhan dang cua Matlab dé xay dung cac mo hinh thuc
nghiém. Dé ting cuong tinh thuyét phuc ciia mé hinh, céc thiét bi sir dung déu c6
chuén céng nghiép va chuyén dung, dic biét cac card DAQ cho hé 2x2 va 3x3 cua
hang National Instrument (NI). Thuat toan diéu khién cho hé théng duoc xay dung
trén Matlab & ché d thoi gian thuc (Real Time Window Target). Két qua diéu khién
cho thay dap (ing cua cac hé dap tmg duoc cac tiéu chi dé ra vé bam sat gia tri dat
ciing nhu kha ning khang nhiéu qua trinh. Dic biét thap chung cit Ethanol va nudc
c6 kha nang iing dung cao, va tac gia c6 trong nhdm nghién cru da bao vé thanh céng
d@ tai cip Bo vé mo hinh thap chung cét nay.

Céc md hinh bon nuéce va thap chung ct dugc tac gia thiét ké vai quy md phong
thi nghiém va hién dang phuc vu viéc giang day va nghién ciru tai b mon Co dién tur,
Pai hoc Su pham ky thuat Thanh phé. H6 Chi Minh.

6.2. KIEN NGHI

V6i kha nang tng dung cao nén bo didu khién d& xuat cé thé dua vao hé théng
chung cit cong nghiép ciing nhu chung cét cac lai nudc hoa va tinh dau khac nhu:
huong Budi, hwong Chanh, huong Drra. ..

Céc mo hinh thuc nghiém c6 thé dua vao giang day sau dai hoc va nghién cuu.
Dua trén cac md hinh nay c6 thé phat trién cac thuat toan phan ly khac, dac biét la
phan ly nghich, hodc cac phuong phap diéu khién khac dang thu hut sy quan tam cia
nhiéu nha nghién ciru nhu: diéu khién dyu bao (Model Predictive Control — MPC), diéu
khién phan sé (Fractional Control).

Dua trén phuong phap dé xuat, tac gia va nhém nghién ciru ciing s& mé rong ung
dung cho cac hé bac cao hon nhu hé 4x4.
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Chapter 1. INTRODUCTION
1.1. Question

Nowadays the study of multivariable control systems is of great interest in
Vietnam due to the urgent need to apply in practice in many domestic factories,
especially factories of oil and gas extraction, distillation, and thermal power plants.
Although all operating technologies are now foreign, the need to master technology
and improve capacity to reduce production costs is always urgent.

Furthermore, in the world, the main approach to controlling multivariable
systems is advanced control techniques such as predictive control, intelligent control.
However, there are still many studies trying to take advantage of classical control
techniques because of its simplicity and efficiency. To do that, it is necessary to
research and develop methods for separating multivariable processes into many single
loop systems.

The multivariable process is a complex system with many interactions between
process variables and control variables. These interactions affect the change of the
remaining outputs when there is a change in any control loop. Various methods have
been proposed to overcome this difficulty of controlling multivariable systems.
However, the most prominent is the decoupling technique with three methods: ideal
decoupling, inverse decoupling and simplified decoupling. However, until recently,
no general control method for multivariable systems has been published or developed
using decoupling control techniques. Therefore, the research to expand and develop
the decoupling controller design method, on the basis of the new analytical method,
to use for many multivariable processes is the issue that the author will focus on in
this thesis.

With the above needs and reasons, the author has selected the thesis "Research,
and design of a decoupling controller for multivariable systems" for this doctoral
thesis.

1.2. The objective of the thesis

Because the decoupling method has many different techniques, so in this thesis,
the author only focuses on the simplified decoupling controller. The proposed method
will find out the true nature of the decoupling law of control variables by accurately
determining from the ratio of the initial open-loop properties and diagonal factors of
the Dynamic Relative Gain Arrays (DRGA). In consequence, a general and compact
structure for the simplified decoupling controller is proposed.

In addition, a process model simplification method will be proposed to simplify
the transfer functions of control loops. After that, the design method of PI/PID
controller based on internal model structure (IMC) has also been proposed for
common processes including 1st and 2nd order systems plus delay time.



1.3. Research scope and limit

In reality, the multivariable process is very diverse and complex, within the
limitation of the thesis, the author only focuses on process control systems with the
characteristics of linear or near-linear systems (approximated by linear form around
the working point). The system dynamic can be described by an n-order transfer
function matrix.

In order to ensure the reliability of the proposed methods as well as easy
comparison with the other methods, the mathematical models used in theoretical
research are well-known standard models, such as: Wood and Berry (WB), Vinate
Luyben (VL), and Ogunnaike and Ray (OR).

The proposed method can be applied in general processes up to n input and n
outputs (n x n) systems. However, simulation results as well as experimental models
are limited to the 3 x 3 system.

In the experimental model of the distillation column, the author only studies the
technological parameters in the process of separating ethanol from water, such as
temperature, flow, and pressure. Mathematical models of experimental models are
obtained based on the empirical methods (black box model).

1.4. Research methods

Research and analyze documents, published works at home and abroad in order
to determine the objectives and assigned tasks.

Using Matlab software to simulate, and verify control laws to justify theoretical
studies as well as compare with other published results.

Study the interactions of technological parameters of control processes such as
temperature, pressure, and flow. Then, building the transfer function of the system
using empirical methods. Evaluate theoretical simulation results with actual data in
order to calibrate the system parameters and propose reasonable measurements and
control solutions for the system.

1.5. New academic points of the thesis

The new point of the thesis is considered in two aspects:

Novelty:

- Develop a general method as a foundation to control distillation systems with
uncertain parameters. This method of the thesis is capable of solving the task of
controlling systems in terms of stability performance as well as disturbance
rejection.

- Propose a design method to generalize a simplified decoupling control system,
including: control rules of multivariable systems, adjustable rules of multivariable
systems, comparison and evaluation methods of the whole system.



- Propose a design method of PI/PID controller based on internal model structure
(IMC) used for standard processes such as first order plus time delay system
(FOPTD) and second oder plus time delay system (SOPTD). The proposed
controller is to be applied to the closed multi-loop structure of the decoupled
multivariable processes.

Practical results:

- Develop experimental models to simulate a typical multivariable decoupling
controller with control variables such as level, temperature, and flow rate.

- Fabricate experimental models to verify the proposed methods such as the
coupled tank system (2x2) and distillation column of ethanol (3x3)

- Application of the proposed method to design a simplified decoupling controller
for multivariable processes (2x2 and 3x3).

- Build programs on Matlab to simulate and control real-time multivariable
processes (2x2 and 3x3).

- The proposed method can be applied to multivariable processes in practice
1.6. The contributions of the thesis

The thesis will contribute to the group of simplified decoupling controller
methods for multivariable processes with a new general method and applicability to
complex systems. The new contributions of the thesis are summarized as follows:

- Proposing general design method for n-order multivariable systems using
simplified decoupling

- Using coefficient matching method to approximate the components of
decoupling matrix and decoupled matrix ((D (s) and Q (s)) to standard forms
such as: lead/lag system, first order and second order plus delay time.

- Proposing a design method of PI/PID controller based on internal model
structure (IMC) used for standard processes such as first order plus time delay
system (FOPTD) and second order plus time delay system (SOPTD).

- Fabricating experimental models to verify the proposed methods, including:
coupled tank system (2x2) and distillation column of ethanol (3x3). Building
programs on Matlab to simulate and control the above multivable systems in
real time. The results obtained demonstrate the applicability and effectiveness
of the proposed methods.



Chapter 2. OVERVIEW OF RESEARCH ISSUES

2.1. Overview of research on decoupling techniques

Most process control systems are multivariable processes that have complex
interactions between the measurement signals, control signals, and other signals (input
and output) of the system. When the control loops interact with each other, each loop
can not be adjusted independently, meaning that adjusting the controller of one loop
will significantly affect the efficiency of the other loops and may cause malfunction
for the entire control system. Centralized or decentralized control are often used to
deal with adverse interactions occurring within the system. For multi-variable
processes with low interaction, multi-loop controllers are often used because of their
simple structure, proper efficiency and performance.

Common decoupling control methods include ideal decoupling control method,
simplified decoupling control method, and inverted decoupling control method. The
choice of method depends largely on the pros and cons of each method. The ideal
decoupling control method will facilitate the design of the controller, since the system
obtained after decoupling will be a diagonal matrix whose diagonal components are
the transfer function of the processes. However, this method is rarely used in practice
due to the complex decoupling matrices that are susceptible to the system's model
error. The inverted decoupling control method is also rarely performed due to the
relatively complex decouping configuration and is sensitive to the model error of the
system. The simplified decoupling control method is most widely used in industrial
practice because of its simplicity and efficiency due to its simple decoupling structure.

2.2. Analysis and comparison of design methods for multivariable P1/PID
controllers for decoupling systems

2.2.1. Ziegler-Nichols method (Z - N)

There are two methods: the first one called the continuous cycle method which
was first proposed in 1942 for the model with the time delay

The second method called the response curve of a process was proposed in 1943.

For multivariable systems, the parameter tuning problem becomes much more
complicated because of the interaction between control loops. The pure Z-N method
is only suitable for single variable systems and, therefore, is difficult to apply in this
case.

2.2.2. BLT adjustment method (BLT)

BLT method proposed by Luyben to design single control loops for
multivariable systems. Considering the multivariable system as shown in Figure 2.1,
it can be seen that the controller is a diagonal matrix whose components will be
designed according to BLT method.



Controller

Input

R

Process

A 4

G, G, .

Output

5
>

Y

Figure 2.1 Block diagram for multiloop control system

2.2.3. SAT method

SAT method makes the controller design process easier for multivariable systems,
most suitable for a 2x2 system. However, for systems with large delay time or high
nonlinearity, the response of this method is overshoot and oscillation.

Closed loop with continuous automatic tuning

The tuning process of the MIMO system (2 x 2) follows sequentially as shown in

Figure 2.2 below:
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922
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" & — 922
\
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g21
ug
Controler g1
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Figure 2.2 Sequence adjustment for 2x2 systems
The procedure is described through the following steps:

Step 1: Firstly, check the feedback between yi1 and uz while 2" loop is in manual
mode (Figure 2.2a). Based on this step, we install the Pl / PID controller according to
Z - N method by the critical frequency and gain.

Step 2: Control parameters can be designed for the 2" loop using feedback
between y2 and uz while the 1% loop switches to automatic mode (Figure 2.2b).

Step 3: Experimental feedback is placed between y1 and ui (Figure 2.2c¢). While
control on the 2" loop is set automatically; therefore, a new set of control parameters
is determined for the controller in the 1% loop.

Step 4: This process is repeated until the control parameters converge. If the 2n
loop is closed, the 1%t loop is in tuning mode.

2.3. Decoupling control for multivariable processes

Currently, three decoupling methods are known as ideal decoupling, inverted
decoupling and simplified decoupling. So, this is a relatively complicated issue
because all technologies have their own advantages and limitations. Simplified
decoupling is the most popular method, its main advantage is the simplification of the
elements of the decoupling matrix. Ideal decoupling is rarely used in practice, if it is
possible to use this method it is very easy to design the controller, but realizing the
decoupler is difficult. Inverted decouping is also rarely performed, although it takes
advantage of both the simplified and the ideal decoupling. Realizing the inverted
decoupler is the biggest difficulty of this method.



2.3.1. Ideal decoupling

Block diagram of ideal decoupling is shown in figure 2.6

Figure 2.6 Two-variable decoupling control structure

The purpose of the ideal decoupling is to find a decoupler D(s) such that the
open-loop transfer function of the decoupled system has the following form:

_ _ [P1a(s) 0 ]
G(s) = P(s)D(s) = 0 Pyy(s) (2.1)
Where D(s) is the transfer function matrix of the decoupler

_ [P11(8) D12(s)
P =[50 o) @2)

2.3.2. Simplified decoupling
The simplified decoupling block diagram is shown in Figure 2.7. We can see

that this structure is similar to the ideal decoupling. However, in the simplified case,

the diagonal elements of the decoupling matrix are set to 1. Hence, the decoupling
matrix has the following form:

Y1

Y2

Figure 2.7 Simplified decouling block diagram

_ 1 D12(5)]
D(s) = [D21(5) 1 (2.3)
Then, the two remaining elements of the decoupling matrix:
_ Pp(s)
Diy(s) =—
Pll(s) (2 4)
D (s)=—P21(S) '
2 Pyy(s)



The open-loop transfer functions of the system after decoupling are calculated by the
following equation:

Pyq 2 0
G(s) = 22 PP (2.5)
0 P22 _ 12121
Pll

_P12P21

2.3.3. Inverted decoupling

The structure of the inverted decoupling differs from the above two methods.
General diagram for the two-variable system is shown in Figure 2.8

N y
o Ga Py [ ,
P12
PZl
St I_ G P2, - v
Figure 2.8 Diagram of inverted decoupling
The inverted decoupler also sets diagonal components to 1.
_ 1 Dy2(s)
D(s) _.[1.)21(5) 1 (2.6)
The remaining components of the decoupler:
Pi5(s)
Dip(s) = =5~
Pll(s) (2 7)
D (s)=—P21(S) '
2 Py5(s)

For inverted decoupling, the diagonal components of the open loop transfer
function matrix of the system after adding the decoupler are also the transfer functions
on the main diagonal of the transfer function matrix of the process. The decoupled
matrix has the following form:

6(s) = [Pél 0

B, (2.8)



Chapter 3. DESIGN A SIMPLIFIED DECOUPLING CONTROL

3.1. General decoupling systems for multivariable processes

Consider a multivariable system n inputs n outputs with the transfer function
matrix. Based on the basic theory of decoupling techniques mentioned above, in this
section, the author proposes a generalization method to design a simplified decoupler
for the n-order system.

The general block diagram of the decoupling control system is shown in Figure
3.1, where, G (s) is a multi-loop closed-loop controller, D (s) is a separator. G (s) and
Q(s)are the multivariable process and decoupled matrix, respectively.

Figure 3.1 Block diagram of a nxn multivariable decoupling control system
The objective of the decoupling problem is to determine the decoupler matrix
D, which satisfies the condition GD = @, which is a diagonal matrix:

g11 gln d11 dln q11 - 0
oo =i (3.1)

In1 0 w Gnn
When de3|gn|ng the S|mpI|f|ed decoupler, the component dii is defaulted to 1.
Therefore, the result is as follows:

4= =12, 3.2)
a)! C” ’ ¢l yeay e yldy .
-
i =4 3:3)
Where,

Cii, Cij: The diagonal and non-diagonal components of the matrix of cofactors of
G, the transfer function matrix of the process.

Aii Dynamic Relative Gain Array (DRGA) is proposed by Bristol (1979), for
measuring the internal interactions of multivariable processes.

gii: transfer function of the diagonal component (ii) of the transfer function matrix
of the process



3.1.1. Simplified decoupling design for 2x2 multivariable process

Considering the 2x2 process with the following matrix:

_ [911 912]
921 922
The decoupler is calculated according to (3.2) as follows:
912
1 - ™
_ 11
b _92z1 1
922
The decoupled process is determined according to (3.3), as follows:
_ g _ _ 912921
q11 A1 911 —922
q Z@Zg _ 912921
2 Az 2 911

3.1.2. Simplified decoupling design for 3x3 multivariable process

The general transfer function matrix for the 3x3 system is given as follows:

G =921 Y922 Y23

911 912 913]
1931 932 Y33

The decoupling matrix is determined according to (3.2), as follows:

1 L G

Cz  Cs3
C C
D= -1z 1 =32
Ciy Cs3
Gs Gs 4
LCi1 Ca2
Where,
Ci Gy Gy (933922 = 932823)  —(g33921 — 931923)  —(g31922 — G32921)
C=|Cn Gy Cy3|=|—(9g33g12 — 932013) (933911 — 931913)  —(g32011 — 931912)
Cs1 G Cas —(922913 = 923912) (923911 — 921913) (922911 — G21912)

The decoupleld process is determined according to (3.3), as follows:

_ 9 _ [.911(922.933 — 923932) — 912(921933 — 923931) — 913(g31922 — 921932)]

" Ay 922933 — 923932
g = G2z _ [922(911933 — 913931) — 921(912933 — 913932) — 923(932911 — 931912)
2 Az 911933 — 913931

|

_ 933 _ [933(911922 = 912921) — 931(G13922 — 912923) — 952(923911 — 913921)
33=7 =
A

911922 — 912921

10

|

(3.4)

(3.5)

(3.6)

(3.7)

(3.8)

(3.9)

(3.10)



3.2. Realization techniques for simplified decoupling
3.2.1 Realization

The realization requirement for a controller is that all components of transfer
functions must be proper, causal, and stable. For systems with delay time or non-
minimum phase, the calculation can lead to components with positive ze-ro solutions.
Or as in Equation (3.17), performing the division of two transfer functions can lead to
an exponential function with positive powers or a non-causal system. In the inverted
decoupling technique, Garrido proposed a solution by adding a diagonal matrix
containing the delay functions to change the delay characteristic of the component
transfer functions. This is controversial because it changes the dynamic nature of the
system function. In this study, the author uses simplified decoupling and proposes a
solution to both reduce orders of the complex transfer functions and solve the
realization of component transfer functions.

3.2.2. Coefficient matching method

The method of coefficient matching proposed by Truong and Lee aimed at
reducing the order of the complex processes. In this study, this method is extended to
lower the order of the components of the decoupling matrix and satisfy the
requirements of the realization problem.

The decoupling components from equation (3.2) can be expanded according to
Maclaurin series as follows:

bj; d;
a7 (s) = aﬂ<1+ s+ Jige Gt 3) +0(s%) (3.11)
]l ]L a]l
The coefficients are calculated as follows:
aj; = d5/7 (0)
ddef 7 (0)
jit = T ds
1d%d]” (0) (3.12)
93 as
13 (0
T dsd
s=0

3.2.3. Application of coefficient matching method

The lead/lag or the first order plus time delay system are often used to characterize
the dynamics of decoupling matrix components because of the simplicity and
appropriate response

=  Lead/lag system

dr-eff = Kir(rms +D (3.13)
TpS +1

11



_ _ Y _ Y
K, = iy Trq — Trp = @’ (Trb - Tra)Trb -

ji i
Cit b:: Ci:
_ __Gi _ o Gi
Ky = aji, 1y = Tt T T
ji i Dji

= Lead/lag system with delay time
K (Tyqs + 1)e 0

dr-eff = 3.14
TpS +1 ( )
Similar to the above equations, we obtain:
KT = aj,-
b::
ji
Or + Trp — Trg = _a
192+(9 + Trp = Tra)Trp — Tra O -9
2 T T rb ra)trb ra’r aji (315)
1 03 t,,67
(E erz + 0, + be = Trabr — TraTrb) Trp + é - n; .

ji

ajl-

In order for the components of the decoupling matrix to be easy to implement, the
values of 6,., 7,4, T,,, Must be positive real numbers.
3.3. P1/PID controller design for a simplified decoupling system
3.3.1. Introduction
3.3.2. Proposed method

On the basis of the structure of the simplified decoupling control system in Figure
3.1, we see that the multivariable feedback control system (nxn) has been decomposed
into a set of n single variable systems as shown in the figure. 3.2

Y1

j

eff
1

9

Y2

Il

Yn

o

Figure 3.2 Multi-closed loop system after using the decoupling technique

Where g§iT is the transfer function of each closed loop of a multivariable system

after decoupling into corresponding single variable systems.



Figure 3.4 Structure of the control system according to IMC theory
In this case the controller design becomes much simpler when compared to the
controller design for multivariable systems, since the simplified decoupling separates
the internal interaction of the multi-process and closed-loop interactions. This means
that we only need to design a controller for a single variable system with the

equivalent transfer function g5

3.3.2.1. Design of the IMC-PI controller

As shown in Figure 3.3, we have:

Gy(s) = gfl.ff is the transfer function of a single variable process.

5p (5),G.(s),q(5s), f(s) are transfer function according to IMC structure,
controller, IMC filter and input signal filter respectively.

Let y(s), r(s), d(s) va u(s) be the control output, input, disturbance input and
control signal respectively.

If the model is correct, that means G, (s) = Gp (s), then the set-point response and

the disturbance response in the IMC control structure are achieved as follows:

¥(s) = Gp()q() £ ()r(s) + [1 = Gpq(s)]Ga(s)d(s) (3.16)
The process model Gp (s) is divided into two parts as follows:

Gy (5) = P (sIPa(s) (3.17)
Where,

p4(s) is part of a model including components that has either a positive zero
or a non-minimum phase and has a gain of 1.
Pm(s) is the remainder of the model after splitting p,4(s).
The IMC controller q (s) is designed as follows:
q(s) = pri()f (s) (3.18)
With the control structure of two degrees of freedom (2 DOF), the IMC filter is
selected to enhance the system response as follows:

13



£s) = —1(Bis +1)
As + )=
Where A is an adjusting parameter that can be used to compromise the
performance and robustness of the system. The selected integer a is just large enough
to make the IMC controller workable.
In addition, in order to further improve the output response according to the set
value, the input filter design is necessary. The setpoint filter is designed to eliminate
poles near 0 (zero) in the transfer function G4 (s).

1= Gyp()q(s)]

(3.19)

T TR InGs + )| (.20
(As + 1)@ |

S=241,Zd2,Zdy
=0
Replace the formula (3.19) into (3.17), we get the IMC controller as follows:
YisaBis +1)

— -1 i { 3.21

q(s) =pn'(s) Os + 17 (3.21)
Substituting formula (3.21) into formula (3.16), we get the closed loop transfer

function according to the setpoint value or according to the process disturbance as
follows:

¥(s) _pa®) Tia(Bis + 1)

r(s) As + 1)«

Y _ (| Pa@ B Bis + 1) © (3.22)
d(s) (As + 1) d

The ideal feedback controller is then established as follows:
=g 2 (3.23)

1—-Gp(s)q(s)
Therefore, the ideal feedback controller to obtain the desired output response is
established as follows:
6.(5) = — PR T (s + 1)
T As+ DT O T (Bis + D)
The current formula (3.24) is not a standard P1/PID controller. Hence, we have
to convert into a suitable PI/PID by using the most appropriate approximation
techniques. In this thesis, the author uses Maclaurin series expansion technique and
Padé approximation algorithm [42].
For the first order plus delay time system(FOPDT) and second order plus delay
time (SOPDT), the input filter is designed sequentially as follows:

(3.24)

_YBs+1
fr($) = Bs+1
yTs+1 (3.25)
fr(s) =

(tytps? + 1,5+ 1)

Where, 0 <y <1 has the following meanings:
- y=0: response to setpoint is delayed
- y=1:does not use the input filter

14



- 0<y<lI: we can adjust the coefficient y directly to achieve the desired
response.
In this study, the proposed controller is a PID controller combined with a filter
with the following form:
ds®?+cs+1

1
Ge() = ( +_+TDS>asz+bs+1
By comparing equations (3.13) and (3.14), we will determine the tuning rules
of the proposed PID controller.

3.3.2.2. IMC-PID controller design
The FOPDT process

(3.26)

The transfer function looks like this:
Ke—BS

Gy(s) = (3.27)
s+1
Where K, T and 6 represent the gain, the time constant, and the delay time of the
process.
The IMC filter is selected to enhance the system response as follows:
fs+1
=— 3.28
6= ger (3.28)
The closed loop feedback controller is
(zs+D(PBs+1)
G = 3.29
) = RiGs + D7 — e (Bs + DI (3.29)
Using the approximation Padé 3/2 for the exponential e as follows:
36 3602 , 0% 5
l-F=s+55s"—%z5S
-0s _ 5 20 60
e " = T 02 (3.30)
1+ ?S + ms

Substituting the equation (3.29) into (3.30) and doing some calculations to
convert into the PID controller, the results of the controller parameters are as follows:

(5)

B 20 0
cTK@i+0-p’'" "5 P73y
(36ﬁ 6 4/19 )
_\5 (3.31)
(2/1 +6 - ﬂ)
30%B 63 | 16%  2A%6
b_(‘ 20 60710 T 5 )_a”_ﬁd_o
B @21+0-p) o
The input filter is designed by the following formula (3.28):
N o
B=1 [1 - (1 - ;) e?] (3.32)

15



SOPDT process

The second order plus delay time system is one of the most common systems of
industrial processes. The transfer function has following general form:
Ke—GS
= = 3.33
Gp(s) = Gals) (115 + (15 + 1) (333)
With the above model, conventional IMC filters are designed as follows [52]:
Bas? 4+ Bis+1
R AR i 3.34
1) =2 (3.34)
Thus the IMC controller is determined
(s + D5 + D(Bps? + Pis +1)
- K(As + 1)*
.5y = TS D5 + DBys? + s + 1) (3.35)
e\S) = K[(As + 1)* — e~ 95(B,s2 + Bys + 1)]
The results of the PID controller are determined similarly to the above
procedure, in particular, we obtain the following results:

B B2

q(s)

“TRGIro gy T

2
(cp+ 2008260, )

a= G1+6-5) — (1 + 1),
308, 36%B, , 03 31607  61%0 , .,
b_( 5 20 Te0T 20 T-5 T4 .
B (BA+6—-p,) 1
—a(ry +13) (3:36)
_ 20 g 62
RS 3 -6 3 -8
A\ = A\ =
2 _4 T — 1l -2 _4 —
; _1'1 (1 T1) et 1] T5 [(1 Tz) e’ 1]
v (ty —72)
N\ =
By = 12 [(1——) et —1]+ﬁ112
T2

For other systems and processes, the way to determine the tuning rules of the
proposed PID controller is performed in a similar manner as described above.

3.4. Measurement and quality criteria of simplified decoupling systems
3.4.1. Integral Absolute Error (IAE)

To evaluate and compare different control systems, we often use the 1AE
standard as follows:

IAE = fw|e(t)| dt (3.37)
0
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Where e (t) is the error between the output and the desired value of the system
at time t. Therefore, the IAE value is expected as small as possible.

3.4.2. Total Variation (TV)

TV is a criterion that evaluates the degree of change in frequency (smooth) of a
signal and is often used to evaluate the quality of the control signals. The value of the
TV is calculated by the following formula:

TV = lugys — ] (3.38)
i=1

Where, u; and u;,4 are the values of the control signal at two consecutive
times. The TV value is also expected as small as possible.

3.4.3. Overshoot criterion

For the overshoot criterion of control theory, in this thesis, the author will
consider in both cases the overshoot of the response when the setpoint changes and
the disturbance changes.

17



CHAPTER 4. SIMULATION STUDY AND QUALITY ANALYSIS OF A
SIMPLIFIED DECOUPLING CONTROL SYSTEM

4.1. Benchmark models of multivariable systems for simulation

Currently, the standard models of multivariable systems are often used for
simulation, including the following processes:
«  Wood & Berry (WB) distillation column
The WB column used to separate methane has the following transfer function:
12.8¢7% —18.9e‘3s]

[16.75 +1 21s+1
G =
) =1 66e7s —19.4e-3s
109s+1 144s+1
< Vinante & Luyben (VL) distillation column.
The VL column used to separate Ethanol has the following transfer function:
—2.2e7S 13703

66 =| ) gemtor 4 3g-035:
9.55+1 9.2s+1
< Ogunnaike & Ray (OR) distillation column.
The OR distillation column used to separate the mixture between ethane and
water was studied by Ogunnaike et al .., where the matrix of the transfer function has
the following form:

(4.1)

(4.2)

0.66e7265  —0.61e735S —0.0049¢~°
6.7s +1 8.64s + 1 9.06s5+1
1.11e765s —2.36e73% —0.01e"12s
G(s) = ‘ ° L (4.3)
3.25s + 1 55+ 1 7.09s + 1

—34.68¢7925  462¢7°%  0.87(11.61s + 1)e~*

8155+ 1 109s+1 (3.89s+1)(188s+1)

In this section, the proposed approach to be applied to multivariablel processes
is introduced above. In addition, the following well-known multivariable control
system are used for comparison with the proposed method:

< BLT method proposed by Luyben.

% SAT method proposed by Loh.
These comparative studies were performed to demonstrate the effectiveness of the
proposed method.

4.2. Simulation, comparison with other methods
4.2.1. Wood & Berry Distillation Column (WB)

According to the transfer function (4.1), the simplified decoupler is
determined by the following formula (3.5):

18



1.477(16.70s + 1)e~2%S

1 21s+1
D(s) = 46
() =10.34(14.45 + De—*s . (46)
1095 + 1

The PID controller is determined by the formula from (3.21) and the controller
parameters and quality criteria for each comparison method are listed in Table 4.1.

The closed loop response of each design method with unit step input is
performed sequentially at times t = 0 and t = 200 (min). It can be seen that the
decoupling control system designed according to the proposed method has a faster
response, more balanced response compared to other methods. The effectiveness of
the proposed method is also confirmed by the smallest IAE value shown in Table 4.1.

—Proposed
—BLT
---SAT

50 100 150 200
Time [min]

Figure 4.1 Closed loop response to unit step change of WB (loop 1)

50 100 150 200
Time [min]

Figure 4.2 Closed-loop response to unit step change of WB column (loop 2)

Table 4.1 Controller parameters and simulation results of WB system

Tuning methods Loop K. T; Tp A IAE
1 0.035 0.653 0.204 5.26
Proposed method 2 0.0117 0.845 0.264 8.00 11.128
1 0.375 8.29 - -
BLT 2 -0.075 236 - 56473
1 0.87 325 - 111
SAT 2 -0.09 10.4 - 711 24.291
Note: Proposed controller filter of the 1% loop is:
Fus) ds*+cs+1 9.194s + 1
. als) = —— = )
as?+bs+1..0103s%+0.369s5.+.1
Input filter ares 1
) = o es il
Proposed controller filter of the 2™ loop is
Fa(s) ds?+cs+1 10.603s + 1
. 2(S) = 2 =
as?+.bs+.1...0.18552+.0.572s.%.1
Input filter “gabs 11
fr2(9) =300

Proposed method is used to design multi closed-loop PID controllers for the
simplified decoupling control system. This method is applicable to many
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multivariable industrial processes. The simulation results show that the proposed
controller is capable of improving the quality of the output response with much lower
IAE values when compared with other methods.

4.2.2. Vinante & Luyben (VL) distillation column

According to the transfer function matrix of the distillation column VL shown
in formula (4.2). The simplified decoupler is determined by the following formula
(3.5):

1 0.591
D(s) = |0.651(9.25 + 1)~ 1455 @.7)
1
9.55+1

Table 4.2 lists the calculation, design and results for each comparison method.
It can be seen in Figures 4.3 and 4.4, the closed-loop response of the simplified
decoupling system is faster, more balanced than the BLT and SAT methods. The
minimum IAE value of the proposed method is shown in Table 4.2.

— Proposed

=-=-BLT

|=--SAT

0 10 20 30 40 50 60
Time [min]

Figure 4.3 Closed loop response to unit step change of VL (loop 1)

.
10 20 30 40 50 60
Time[min]

Figure 4.4 Closed-loop response to unit step change of VL (loop 2)
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Table 4.2 Controller parameters and simulation results of VL column

Tuning methods Loop K 7] Tp A IAE
1 -0.29 0.272 0.085 1.6
Proposed method 5 0131 014 0042 i3 2.69
1 -1.07 7.10 - -
BLT > 1977588 - - 8.61
1 -1.35 2.26 - -
SAT 2 3.97 2.42 - - 7.15
Note: The proposed controller filter of the 1st loop is:
ds?+cs+1 3.195+1
Foi(s) = > = 2
. as’+bs+1...0.016s24+0.118s.+.1
Input filter 191s + 1
fra(s) = 3.19s5.4+.1
The proposed controller filter of the 2nd loop is:
F()_dsz+cs+1_ 3.145s + 1
_ 2\ = o+ bs+1._ 0.00552+0.095 + 1
Inlet filter 1.89s +1
fra(9) =352 =

4.2.3. Ogunnaike & Ray (OR) distillation column
According to the transfer function matrix of the distillation column OR shown
in formula (4.3). The simplified decoupler is determined by equations (3.8) and (3.9)

as follows:
[ 1 0.7278(20.463s5+1)e 14375

0.00486_0'20351
(17.938s5+1)

D(s) = 0.352¢70-15% 1 —0.0028 (4.8)
23.238(18.29s5+1)e~72209  _26.457(4.1285+1)e 643055 1
l (17.271s5+1) (14.5215+1) J

Trong nghién ciu md phong, per(mg phap dé xuat dwoc so sanh véi phuong
phap BLT va SAT. Thong sb diéu khién va két qua xac dinh chét luong cua ca ba hé
théng diéu khién dugc liét ké & bang 4.3 nhu sau:

In simulation study, the proposed method is compared with BLT and SAT
methods. The control parameters and the criteria results of all three control systems
are listed in Table 4.3 as follows:
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Table 4.3 Controller parameters and results of OR column

Tuning methods | Loop K. T Tp A IAE
Proposed 1 0.34 1.04 0.325 4.00
meFt)hod 2 -0.089 1.20 0.375 3.75 86.24
3 0.287 0.40 0.125 1.82
1 151 16.4 - -
BLT 2 -0.29 18.0 - - 530.64
3 2.63 6.61 - -
1 2.71 7.44 - -
SAT 2 -0.37 10.52 - - 889.73
3 4.56 3.09 - -
Note: The proposed controller filter of the 15 loop is:
ds?+cs+1 5.96s + 1
Fe(s) = > = >
. as’+bs+1..0.23s%24+0.403s+1
Input filter 357s + 1
fn(®) =567
The proposed controller filter of the 2" loop is:
ds?+cs+1 483s+1
Fo(s) = > = 2
. as?+hbs+1...03s2+0.44s+1
Input filter 29s +1
fr(8) = 7830
The proposed controller filter of the 3™ loop is:
F ()_dsz+cs+1_ 3.04s +1
_ 3\ = 2t bs+ 1. 003552+ 0.1625 + 1
Input filter 1.823s+1
fra(S) = =00

On the basis of varying the amplitudes of the setpoint of the closed loops 1, 2
and 3 to be 1,1 and 1, we determine the output response characteristics of all three
systems shown in the figure. 4.5, Figure 4.6 and Figure 4.7

1.4 T T T T T T T T
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Figure 4.5 Closed loop response of OR column (Loop 1)
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Figure 4.6 Closed loop response of OR column (Loop 2)
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Figure 4.7 Closed loop response of OR column (Loop 3)

From the simulation results in Table 4.3, Figure 4.5, Figure 4.6 and Figure 4.7,
we see that the output response of the proposed system has significantly improved
quality when compared to the other two method in terms of disturbance rejection.
Therefore, the IAE value of the proposed method is very small (86.24) when
compared with the IAE value of the other two methods (530.46 and 889.73).
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CHAPTER 5. EXPERIMENTAL MODELS

5.1. System modeling

To be able to design control algorithms for real application process control
systems, ensuring stability and reliable operation with desired output responses,
system modeling is essential. Normally, there are two methods in describing system
mathematics:

- Theoretical method: building a model based on the laws of physics,
chemistry and biology to derive a mathematical model in the form of
differential equations.

- Experimental method: based on the experimental input-output data of the
system, we can propose methods or use available tools to identify the
system.

In this thesis, the author uses the experimental method and the identification tool
of Matlab (Ident Toolbox) to achieve the mathematical model of application systems.
In this method, it is very important to choose the type of test signal as well as the
structure of the model. The following types of test signals are commonly used for
identification:

- Pseudo random binary sequence (PRBS)
- Generalized binary noise (GBN)
- Sum of sinusoids

Input and output data of the system after pre-processing such as noise filtering,
offset removal (DC level) are stored and used for model identification and validation.
Choosing the suitable model structure is also a difficult problem. However, due to the
limitation of the thesis, only considering process control systems with the features of
overdamped system with delay time, it is also easier to choose the model structure.
The final step in the identification process is to validate the identified model. The most
commonly used method of validation is to use new test signals, not yet used in the
model parameter estimation step, to input the real system as well as the recognized
model and the output signals in both systems are compared with the objective function
to minimize error. The process is repeated until the most approximated model
obtained.

5.2. Coupled-tank control application (2x2 system)
5.2.1. General introduction

The system consists of two connected water tanks, each with an inlet stream
with the flow controlled through the pump. Two Yaskawa inverters are used to control
the speed of the pump. Therefore, the flow rate of water flowing into the tanks is
controlled via the inverter's voltage control, 0-10 (VDC). Each tank uses a sensor to
measure the level, the return signal is an industry standard current 4-20 (mA), and via
a 500Q resistor to form an analog voltage 2-10 (VDC) corresponding to the water
level 0-45 (cm).

24



Figure 5.1 Model of coupleld-tank application

All analog 1/0 signals are collected by a dedicated National Instrument (NI)
card, PCI 6052e. The model is controlled entirely by Matlab in Real-Time Window
Target mode.

The goal of the system is to design a simplified decoupling controller for a 2-
input - 2 output system where 2 inputs are 2 control voltages supplied to the inverter,
2 outputs are liquid level height in both tanks. The controller must ensure that the
responses have zero steady state error, and their response times are fast enough with
the lower overshoot as possible. Furthermore, with a simplified decoupling technique,
the interaction between the process variables must be minimized. In this application,
when the desired liquid level of one tank changes, there should be no effect on the
liquid level of the other, or if so, the effect should be insignificant.

The diagram of coupled-tank operation principles is shown in Figure 5.2.
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Figure 5.2 The diagram of coupled-tank operation principle
5.2.2. Modeling of coupled-tank system

For simplicity in calculating the decoupler as well as designing the
corresponding controller. The author uses the Padé 1/1 approximation technique for
the transfer function G(s) [32], and the results are approximated from the
identification model:

[11.206_0'835 0.929_5'18551

| 161.2s+1 186.7s+1 | (53)
0.39¢—*41s 10.846‘0‘843J '
142965 +1 40.21s+1

G(s) =
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5.2.3. Calculate the decoupler and controller parameters

Using the simplified decoupling technique for the 2x2 system with the equation
(2.12) we have the following results:

- The elements of the decoupling matrix:
Py, 0.036(40.21s + 1)

= 5 = —-3.57s 54
Dor==p~ (142965 +1) © 64)
b _ P 008206125+1) ., 5

12 Py, (186.7s + 1)

- The elements of the decoupled process:
0.92¢75185¢ 0.39¢~*4s
PPy 11.20e7°%° (18675 + 1) « (142.96s + 1)

ST TWelase DT 108k o
(@021s + D)
11.20e7°%%5  0.033(40.21s + 1)e 8755
= Qu = - (5.6)
(16125 +1) (18675 + 1)(142.96s + 1)
0.92¢751855 " (,39¢=441s
0, = P, - 2P _ 10.84e~°%  [86.7s + 1)  (142.965 + 1)
FUE P (0214 120055
(A612s+ D)
10.84¢70%45  0.032(161.25 + 1)e 87655
= 0Q = .7)

(4021s +1)  (186.7s + 1)(142.965 + 1)
Using the Mclaurin expansion method mentioned in (Section 3.2) to
approximate the diagonal components of the decoupled matrix (Q11 and Q22). We
have the following approximate results:
11.1669¢ 085255
= 5.8
Q1) 160.7739s + 1 8
10.808¢ 418933
= 5.9
@22(8) = 3526615 + 1 .9
Based on the proposed method of finding PID parameters for the FOPDT

systems with the formulas (3.31) to (3.32), we calculate the parameters of two PID
controllers for the two diagonal components of the decoupled matrix as follows:

Table 5.1 Controller and filter parameters for coupled-tank system

Loop K, T Tp PID filter Input filter
1 1605 034 0106 f=—_ 203355+1 fo 22838541
0.037552 + 0.02155 + 1 28335+ 1
2 0213 087 0273 f= 58015 + 1 foo80sH1
0.029152 + 013385 + 1 5801511
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Using the calculation results, we simulate on Matlab:
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Figure 5.7 Simulink diagram of controller
The simulation responses for tank 1 and tank 2 are as follows:
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Figure 5.8 Step response of water Figure 5.9 Step response of water
level in tank 1 level in tank 2

5.2.4. Implement the controller on the real model

Controller block diagram including simplified decoupler and the proposed PID
controller is shown in figure 5.10. This Simulink diagram is designed to run Real-
Time mode of Matlab with the support of PCI-6052E Data Acquisition Card (National
Instruments).
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Figure 5.10 Simulink diagram of the controller running in Real-Time mode

27



The system output responses when the setpoint is 30 (cm) are as follows:
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Hinh 5.11 The response of tank 1 Hinh 5.12 The response of tank 2
The system output responses when the setpoint is 20 (cm):
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Hinh 5.13 The response of tank 1 Hinh 5.14 The response of tank 2
5.2.5. Comment

Through the implementation of the decoupling controller for coupled-tank system, we
obtained the following results:

Identify the system model of the coupled-tank process

Based on the identified model and simplified decoupling controller for the 2x2
system that the author has studied, the author calculates the decoupler transfer
function matrix and applies the proposed method to design the PI/PID controller
for the corresponding multivariable system.

The results of the simulation of decoupling control are very good. The level
responses in both tanks have no overshoot and zero steady state error.
Calculated parameters after simulation are applied directly on the real system
giving almost the same with simulation results. The liquid level responses in
both tanks are quite good when investigating many different cases.

5.3. Application to distillation column (3x3 system)

Nowadays, methods are used to improve purity: extraction, distillation,

concentration, absorption... Depending on the required characteristics of the product,
we have to choose the appropriate method. Ethanol-water system is two completely
dissolved components, so we must use the distillation method to improve the purity
of Ethanol.
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5.3.1. Design and manufacture the experimental models

The design and manufacture the experimental models are carried out in the
Ministry’s Project, "Research and manufacture of a mixture of Ethanol and Water
distillation column with capacity of 100 liters/day".

The 3D design model of the distillation column is shown:

Figure 5.15 3D de5|gn model of  Figure 5.16 Model of Ethanol
distillation column and Water Distillation Column

5.3.2. Pipe and Instrumentation Diagram (P&ID) of the distillation column

San phim day San phim dinh

Thing nguyén ligu Nude
Figure 5.18. P&ID of the distillation column

V1,V2, V3, V4, V5, V6 va V7 ON-OFF valves

R1,R2, R3vaR4 Heat resistance

FV1, FV2va FV3 Control valves

N1, N2, N3, N4 va N5 The number of distillation column tray

FC1, FC2 Flow controller

TC1,TC2,TC3vaTC4 Temperature controller

LC1, LC2 Level controller

B1, B2 Pumps

B3 Centrifugal pump
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5.3.3. Controller block diagram of the system

The model is controlled by Matlab using Real Time Window Target with the
support of PCle 6323. The input and output signals are as follows:

Wt e ]

220 VAC
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Tai tré
0~220 VAC

Tai tré
0~220 VAC

PCle 6323
All Al

A2 AO2H
AI3 AO!

Figure 5.19 Controller block diagram
5.3.5. Controller results
«  Simulation using Matlab

After identifying the distillation model based on 3 process variables: bottom
temperature, temperature and flow rate of feed material, we have the diagonal
components of the transfer function matrix (after decoupling) as follows:
10.1396_34'47525

- 5.18
Q11(s) 1127.952 ;;11 ( )
6.6232¢ 25815
_20esce 5.19
Q22(s) 14518375 + 1 (5:19)
0.0082¢ 208159
Q330) =z 2ea (5.20)

58.1358s + 1
Using the proposed PID controller design method for first order plus delay time

system (FOPDT), we find out the controller and filter parameters respectively for all
three control loops. All parameters are summarized in Table 5.2
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Table 5.2 Control and filter parameters for the distillation column

Loop K, T, Tp PID filter Input filter
f fr

1 0.1302 | 14.9208 46628 | 185.9973s + 1 ~ 18.5997s + 1
..5.343452 + 47,53955.+.1.. 185997541
f fr

2 0.0454  1.0324 | 03226 | _ 39.1469s + 1 _r 3.9147s + 1
.0.775152.4.0.2897s.+ 1. 39.1469s.+.1
f fr

3 31.5357  8.3264 | 2.6020 48.6172s 4+ 1 4862s+1

T 0843652+ 1432045 + 1 486175+ 1

Based on the control parameters in Table 5.2, the author designed the controller
using simplified decoupling and the PID controller using Matlab's Simulink. The
controller diagram is shown in Figure 5.22.

num(s 2
o ——sint 0wt ol out o 1 o out1_sa
&0 'Lm, 2 o)
Step To Workspace

SP fitert PIDT

I num(s) c s
den(s) ¥
Stept

ou
SP fiter2 PID2

num(s) ‘
( ; o)—sint 0w
sz |G

SFTmen PI03

2 0w 2 Q2] . o out2_sd
To Workspace1
s oy o3 ol 1| out3_sd

To Workspace2
Simpiified Decoupling Thap chung cat s

Figure 5.22 Simulink block diagram of the controller

The simulation results were obtained as described in Figure 5.23, Figure 5.24
and Figure 5.25.
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Figure 5.23 Step response of the bottom temperature
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Figure 5.24 Step response of the feed material temperature
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Figure 5.25 Step response of the feed flow rate

From Figures (5.23) - (5.25), it can be seen that the simulation responses give
very good results. The error calculated according to the criterion mentioned in section
3.4, IAE = 812.2369; there are no overshoot in all 3 responses. These results are an
important basis for the author to implement the controller on a real model.

3

< Real-time control

In this case, the Simulink scheme is installed in real-time mode (Real-Time
Window Target). Hence, the "OUT TO COLLUMN" block is essentially outputting
control signals through the data collection card (PCI 6323e) to control the real object
directly. The "ANALOG IN" block is used to read the analog signals from the sensor
(bottom temperature, feedflow temperature and feed rate).
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Figure 5.26 Simulink diagram of a controller running in Real-Time mode

Figure 5.27, Figure 5.28 and Figure 5.29 show the controller implementation on
the real system as well as the data collected in 1000 (s). From the graph, we can see
that the technological parameters of Ethanol and water distillation are controlled very
well. The responses were similar to those obtained by the simulation, demonstrating
the efficient decoupling modeling and computation. To reduce distillation time, inlet
alcohol concentration is diluted about 60%, output alcohol after distillating is about
90% (without reflux).
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Figure 5.27 Results of bottom temperature in simulation and experiment

33



80 T T T T T T T T

—— Nhiét @6 that
—— Nhigt d¢ mé phong

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

Figure 5.28 Results of feed-material temperature in simulation and experiment
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Figure 5.29 Results of feed flow rate in simulation and experiment
Comment:

From the graph, we can see that the technological parameters of the Ethanol and
Water distillation are controlled very well. The responses were similar to those
obtained by the simulation, demonstrating the efficient decoupling modeling and
computation. The deviation between real and simulated response is mainly due to
model error in system identification

Due to reality conditions, the author can not compare the proposed method with
other methods mentioned in the simulation. However, in order to prove the efficiency
of the proposed controller, the author has compared the simulation results on the
identified model with the experimental results on the real distillation column. From
Figure 5.37, it is found that the response shapes of the outputs are similar. The quality
index is calculated according to the error evaluation criteria, IAE = 1771. Although
this value is twice the simulated IAE value, this is completely realistic because the
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simulated response at the steady state is always constant, so Ae will be 0. This means
that the simulated IAE value mainly reflects the error of the transition. However, in
the experimental problem, the true value of the output always changes, even at the
steady state (small change), this will lead to an increase in the 1AE value.

Some pictures depict the results obtained:
|

Ethanol concentration before Ethanol concentration after distillation
distillation

Figure 5.30 Results of distillation

Figure 5.31 Distillation column in operation
5.3.6. Comment

After applying the decoupling control to the distillation column, the author has
achieved the following results:

- Based on the research of technological parameters affecting the output composition
of the distillation process, the author modeled and identified the system with 3 main
variables: bottom temperature, feed temperature and feed flow rate. Hence, the system
dynamics can be described by a 3x3 transfer function matrix.

- Applying the research on the decoupler for the 3x3 system presented in the
theoretical chapter, the author has calculated the decoupling matrix for the 3-variable
system and solved the 2 most important problems of the decoupling problem,
including causality and realization.

- Use the proposed method to design the PID controller for the decoupled process
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- Calculation results are applied directly to the real system and achieved quite good
results in 3 control variables.

- The product is increased concentration from nearly 60% to more than 90% after thte
distillation without reflux

CHAPTER 6. CONCLUSIONS AND RECOMMENDATIONS
6.1. CONCLUSION

The thesis proposes a method to build a simplified decoupler for multivariale
systems. The proposed method is general and applicable to complex control systems.
Besides, the method to derive the analytical tuning rules of the PID controller
parameters based on the internal model structure (IMC) for typical systems is also
proposed. The proposed method gives the explicit formulas to calculate the
parameters of the PID controller. Furthermore, series filters with controllers
corresponding to different process characteristics are designed to improve the
responsiveness of the system. The trend of using filters in controller construction has
been strongly developed in recent years. The results of the thesis are summarized
based on two aspects:

Novelty:

A common method has been built as the foundation to control a complex
multivariable system. Proposing a design method to generalize a simplified
decoupling control system, including: control rules of multivariable systems,
adjusting rules of multivariable systems, comparison methods and methods of
evaluating the performance of the whole system. This method of the thesis is capable
of solving the task of controlling system in terms of stability, setpoint tracking as well
as disturbance rejection. Proposing a design method of the PI/PID multi-loop
controller combined with corresponding filters for simplified decoupling control
systems. The author also calculated specific cases for 2x2, 3x3 systems and then built
the simulation programs on Matlab. The simulation results show that the proposed
method outperforms other famous methods in terms of the ability to follow the set
value as well as to resist process disturbance.

Practical results:

Experimental models were built to verify the proposed methods including
coupled-tank system (2x2) and distillation column (3x3). To be able to apply the
theoretical results, the mathematitcal models of the experimental processes need to be
achieved. Due to the research limitations of the thesis, the identification theories and
system modeling are not mentioned profoundly. The author uses the experimental
method in combination with Matlab's identification toolbox to build experimental
models. In order to enhance precision of the model, the equipment used are of
dedicated and industrial standards, especially the DAQ cards for the 2x2 and 3x3
system of National Instrument (NI). Control algorithms for the system are built on
Matlab in real time mode (Real Time Window Target). The control results show that
the responses of the systems meet the performance criteria for setpoint tracking as
well as disturbance rejection.
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Models of coupled-tanks and distillation column are designed by the author on
laboratory scale and are currently serving teaching and research at Mechatronics
Department, University of Technology and Education, Ho Chi Minh City.

6.2. RECOMMENDATIONS

With high applicability, the proposed controller can be put into industrial
distillation system as well as other essential oils such as: Pomelo, Lemon, Coconut ...

Experimental models can be incorporated into graduate teaching and research.
Based on these models, it is possible to develop other decoupling algorithms,
especially inverted decoupling, or other control methods that are attracting the
attention of many researchers such as: predictive control (Model Predictive Control -
MPC), fractional control (Fractional Control).

Based on the proposed method, the author will also extend the application to
higher order systems such as 4x4 systems.
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