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LOI CAM POAN

Tbi xin cam doan day la cong trinh nghién ctru cua riéng toi dudi sy huéng dan
cua tap thé cac nha khoa hoc va céc tai liéu tham khao da trich dan. Cac két qua nghién
ctru duogc trinh bay trong luan an 1 trung thuc, khach quan va chwa tirng cong b trén
bat cir mot cong trinh nao khéc.

Tp.HCM, ngay 06 thang 02 nim 2018,

Tac gia luan an

Lé Linh
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LOI CAM ON

Truéc tién toi xin goi 10i cam on siu sic nhat dén cac Gido su huéng dan cua toi
la PGS.TS. L& Hiéu Giang va PGS. TS. Truong Nguyén Luan Vil vi khong chi & nhitng
su chi dan va gop y vo ciing quy bau vé chuy&n mén ma con rat nhiéu sy quan tim, dong
vién va khich 18 ciia cac Gido su trong thoi gian dai 1am luan an Tién si. Nhing diéu nay
da truyén cho t6i cam hting va ngudn dong luc 16n dé hoan thanh luan an.

Téi xin dic biét goi 161 cam on dén quy Thay, C6 & Khoa Co khi Ché tao may, Dai
hoc Su pham K§ thuat Tp. HCM da danh nhiéu thoi gian dé giang day, truyén dat nhitng
tri thirc khoa hoc quy bau cho t6i tir khi hoc dai hoc cho dén nay. Nhiing tri thirc s& méi
mai theo tdi trong subt cudc doi lam khoa hoc caa minh.

Xin danh 101 cam on chan thanh dén cic Gido su tir Truong Pai hoc Béach khoa
Tp. HCM, Pai hoc Khoa hoc Ty nhién Tp. HCM va Dai hoc Viét Birc da danh thoi gian
quy bau ctia minh dé giang day va cho nhitng loi khuyén rat cé gia tri trong thoi gian
hoan thanh luan an.

Sy quan tim va gitip d& cia nhiéu ban bé va déng nghiép tir Phong, Khoa va Ban
cta Pai hoc Su pham Ky thuat Tp. HCM di tao su thuan loi rat 16n cho toi trong viéc
hoan thanh luan 4n da Iuu lai trong ti nhitng tinh cam chan thanh va nong nhiét.

Cudi ciing va quan trong nhat d6 1a su hi sinh va tinh yéu cua cha me, cua vo va
céc con da danh cho t6i. Diéu nay gilp tdi c6 nhiéu y chi va nghi lyc dé vuot qua nhiéu
kho khan, thir thach dé tiép tuc con dudng hoc thuat caa minh.
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ABSTRACT

Recently, the decoupling control system have been widely used because it
provides the high effectiveness, simplicity and safety in the operation of
multivariable processes.

The decoupling control methodologies are available for ideal decoupling,
simplified decoupling, and inverted decoupling, with the choice of decoupling
method depending largely on each methods advantages and restrictions. Ideal
decoupling provides convenient controller design, since decoupled apparent
processes are systematically obtained as a diagonal matrix of processes, but it is
rarely used in practice due to its complicated decoupling elements, realizability
problems, and sensitivity to modeling errors. Inverted decoupling is also known as
feedforward decoupling and is rarely implemented, even though it can take into
account the saturation of manipulated variables. Similar to ideal decoupling, it is
sensitive to modeling errors. Simplified decoupling is most widely used in industrial
practice because of its robustness and simple decoupling network (i.e., its diagonal
elements are set as unity). However, the decoupled apparent processes are intricate,
which hinders controller tuning.

In this thesis, the design of simplified decoupling system is introduced on the
basis of the theory of decoupling control. Firstly, the simplied decoupling network is
designed on the systematical and transparent ways to neglect the closed-loop interaction
for the multivariable processes by using the coefficient matching to obtain a stable,
proper, and causal simplified decoupler. Accordingly, transfer functions of decoupled
apparent processes can be expressed as a set of n equivalent independent processes and
then derived as a ratio of the original open-loop transfer function to the diagonal element
of the dynamic relative gain array. Secondly, a various kind of PI/PID controllers that
are based on the Internal Model Control (IMC) scheme are systematically proposed for
the proposed simplified decoupling control system to enhance the overall performance
of the decoupling control system while avoiding difficulties arising from properties
inherent to simplified decoupling.

Many simulation studies are considered to demonstrate the simplicity and
effectiveness of the proposed method. Simulations were conducted by tuning various
controllers of the multivariate processes. The results indicate that the proposed method
consistently performs well with fast and well-balanced closed-loop time responses.

Last but not least, the application of proposed simplified decoupling design has
been implemented in the distillation column for the sepration of ethanol and water. The
results were showed that the overall performance of distillation column have satified the
requirement in terms of stability, fast and well-balanced output responses.
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TOM TAT

Trong nhitng ndm gan day, hé thdng diéu khién phan ly da duoc sir dung rong réi vi
né mang lai hi¢u qua cao, don gian va an toan trong qua trinh van hanh cac qua trinh da
bien.

Céac phuong phap thiét ké hé théng diéu khién phan ly da bién hién nay bao gom:
phuong phap diéu khién phéan ly 1y tuong, phuong phap diéu khién phan ly don gian
hoa, va phuong phap diéu khién phan ly nghich. Viéc lya chon phuong phap thiét ké
cac hé thdng diéu khién phan ly da bién tuy thugce phan 16n vao loi thé va han ché cua
timg phuong phéap. Phuong phap diéu khién phan ly Iy tuong s€ gitip cho viéc thiét ké
bo diéu khién thuan tién, ké tir khi tach roi qué trinh céc bién diéu khién mot cach rd
rang hé théng thu duoc s& nhu 1a mot ma tran duong chéo cua cac qua trinh, nhung no
hiém khi duoc sir dung trong thuc té do cac yéu té phan ly phuc tap caa né, van dé thuc
té sir dung va nhay cam véi 15i md hinh va hé théng. Phuong phap diéu khién phan ly
nghich hiém khi duoc thuc hién, mac di né cé thé dua dén sy bao hoa cua cac bién thao
tac. Tuong tu nhu phuong phap diéu khién phan ly 1y twong, n6 1a nhay cam véi 16i mo
hinh va h¢ thong Phuong phap diéu khién phan ly don gian hoa dugc su dung rong rai
nhét trong thuc té cong nghiép vi su manh mé& va hiéu qua cua nd voi mang phan ly don
gian (tic 13, cac yéu té duong chéo ciia n6 dugc thiét 1ap mot cach théng nhat).

Trong luan an nay, viéc thiét ké hé thong diéu khién phan ly don gian hoa duoc gidi
thiéu trén co so ly thuyét vé diéu khién phan ly da bién. Thir nhat, dé tai thuc hién nham
muc dich tao ra dugc mot cau tric chung, nhé gon va co dong cho cac bo diéu khién
phan ly don gian hoa bang cach xem xét cac thudc tinh ciia phuong phap diéu khién
phan ly don gian hda va ma tran nghich dao. Thi hai, cac bo diéu khién PI/PID khéc
nhau dugc dé xuat dua trén thuat toan (IMC). Céc qui luat diéu chinh gigi thiéu mot
cach c6 hé théng va phi hop cho hé théng diéu khién phan ly don gian hod nham ting
cuong hiéu qua hoat dong Chung cua hé thdng, trén co s tranh di nhitng kho khin phat
sinh tir c4c tinh chat vén c6 cua phuong phap thiét ké.

Nhiéu nghién cttu md phong duoc xem xét dé chirg minh tinh don gian va hiéu qua cua
phuong phap dé xuat. Cac mé phong duoc thuc hién bang cach diéu chinh thong sb cac
b¢ diu khien khac nhau cua céc qua trinh da bién. Cac két qua nghién cuu chi ra rang
phwong phap dé xuat ludn dat duoc hiéu qua tbt véi dap tng thoi gian vong kin nhanh
va can bang.

Cubi cung nhung khong kém phan quan trong, viéc ap dung phuong phap thiét ké dé
Xuit da duoc 4p dung trong thiét ké va ché tao cot chung cat dé tach ethanol va nuéc.
Két qua van hanh hé théng cho thay hiéu suat chung cua cot chung cat da dap tng yéu
cau vé do on dinh véi dap ung dau ra nhanh va can bang.
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MO PAU
Tinh cip thiét

Ngay nay, hé théng diéu khién phan ly duoc st dung phd bién, bai vi né mang
lai su hiéu qua cao trong hoat dong, su don gian, an toap trong van hanh, ciing nhu tinh
kinh té cao trong lap dat va van hanh hé thong diéu khién.

Gan day, khong c6 phuong phap chung nhat, mé rong cho nhiéu bién nao dugc cong bd
hodc phét trién cho hé thong diéu khién phan ly don gian hda, ngoai trir phuong phap
bu twong tac tinh. Chinh vi vay, viéc nghién caru md rong va phat trién phuong phap
thiét ké bo diéu khién phan ly, trén co s& phuong phap phén tich méi, dé sir dung chung
cho nhiéu qu4 trinh da bién trong cdng nghiép that sy cap thiét.

Muc tiéu cda luan an

Muyc tiéu chinh caa dé tai 1a d& xuat mot phuong phap maéi trong viéc thiét ké bo
diéu khién phan ly cho qua trinh da bién. Dé tai s& gop phan nang cao d6 6n dinh, hiéu
qua lam viéc va an toan trong van hanh, cling nhu cac tinh nang hoat dong khac cua cac
qua trinh da bién trong hé thong diéu khién.

Cac hé thong diéu khién phan ly ding cho cac qua trinh da bién s& 1a ddi twong
nghién ctu chinh cua dé tai. Ngoai ra, dé tai thuc hién nham muc dich tao ra duoc mot
cau trac chung, nho gon va co dong cho céac bd diéu khién phan ly don gian hda bang
cach xem xét cac thudc tinh cua phuong phap diéu khién phan ly don gian hda va ma
tran nghich dao.

Phuong phap dé xuat s& tim ra duoc ban chat thuc su cua quy luat phan ly cac
bién diéu khién bang viéc xac dinh chinh xéc tir ty 1& cua cac qua trinh hé chic nang
ban dau va cac yéu to duong chéo cua cac day lién hé ti I¢ dong (Dynamic Relative Gain
Arrays). Ngoai ra, phuong phap don gian héa mé hinh quéa trinh thiét bi s& dugc dé xuat
d6ng thoi dé mang lai su thuce thi tot nhat cho hé thong diéu khién phan ly don gian hoa.

Péi twong va pham vi nghién ciru

Nghién ctu phan tich c4c tai liéu, cac cong trinh dd cong bd trong va ngoai nudc
nham xac dinh muc tiéu va nhiém vu dit ra. Thanh 1ap md hinh toan cua thap tach
ethanol va nudc, Xay dung cic phuong trinh mé ta cac qua trinh co ban véi tit ca céc
khau. Nghién ctru su phu thudc hay quan hé giita cac ngd vao, ngd ra cia thap dbi Voi
tat ca cac tham sé nhiét do, ap suat, luu lwgng, mirc, nong d cua cac cau tir... St dung
cdng cu md phong hién dai va di manh Matlab-Simulink dé thuc hién mé phong, xéac
dinh cac qui luat thay d6i thanh phan cac chat nham khang dinh cac nghién ctu ly thuyét
cling nhu mé hinh toan cua thap. Panh gia két qua mé phong ly thuyét vai sé lidu thyuc
té san xuat nham muc dich hiéu chinh céc tham sé cho d6i twong va dé xuat céac giai
phap trong do ludng va diéu khién hop Iy cho hé théng.

— Nghién ciu giai thuat diéu khién phan ly n ngd vao, n ngd ra (n x n)

— Nghién ctru c4c thdng sb cdng nghé trong qué trinh tach ethanol véi nuée, vi du nhu
nhiét do, luu luong, ap suat, ...
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Y nghia khoa hoc va thyc tién cia luan an

Véi nhiém vu dat ra nhu trén thi luan &n s& b sung thém vao nhém cac phuong
phap cua b dieu khién phan ly don gian hoa cho cac qua trinh da bién c6 mot phuong
phap méi mang tich tong hop hon, ¢ kha néng ung dung dugc cho cac hé thong dieu
khién phuc tap.

Véi nguyén ly két hop va tach bién diéu khién, bo diéu khién phan ly don gian
hoa dé xuat cua luan an con c6 thé mo rong ung dung vao thyc té cho cac hé thong diéu

khién c6 nhiéu yéu té bat dinh trong hé thong bo diéu khién phan ly s& gilip ndng cao
chat lugng thyc thi cua hé thdng didu khién da bién trong qué trinh chiéc tach. .

N@i dung cia luan an

Noi dung luan an bao gom 8 chuong

Chuong 1: Co sd ly thuyét vé hé théng phan ly da bién
Chuong 2: Thiét ké bo phan ly da bién

Chuong 3: Phan tich va so sanh cac phuong phap thiét ké bo diéu khién PI/PID da bién
dung cho hé thong phan ly

Chuong 4: Phuong phap dé xuat thiét ké bo diéu khién PI/PID da bién

Chuong 5: Phuong phap nhan dang hé théng diéu khién

Chuong 6: Nghién citu mo phéng, phan tich va so sanh véi cac hé thong diéu khién da
bien

Chuong 7: M6 hinh thyc nghiém cua hé thng chung cat Ethanol va Nudc

Chuong 8: Két luan

Pong gop cia luan an vé Iy thuyét

— Xay dung duoc mé hinh toan d¢é mé phong cho bd diéu khién phan ly da bién dién
hinh véi cac bién diéu khién nhu 14 nhiét d9, luu lugng, &p suat. Tir d6 tim ra cac phuong
phap phan tich chung nhat dé 1am tién dé trong viéc tim ra quy luat diéu khién hé thong
da blen quy luat diéu chinh hé thong da bién, phuong phap so sanh, phuong phap danh
gia or} dinh bén viing cua hé théng va phuong phap danh gia kha nang thi hanh cta toan
hé thong.

— Dé xuét phuong phap thiét ké mé rong hé diéu khién phan ly don gian héa. Bao gom:
qui luat diéu khién h¢ thong da bién, quy luat diéu chinh hé thong da bién, phuong phap
so sanh, phuwong phap danh gia on dinh bén viing caa hé thong va phuong phap danh gia
kha ning thi hanh ctia toan hé théng.

— D¢ xuét phuong phap thiét ké bo diéu khién da bién nhiéu vong Ip PI/PID diing cho
cac hé thong diéu khién phan ly don gian hoa.

— Xay dung cac chuong trinh dé diéu khién va mo phong cac qua trinh da bién 3 x 3
(nhiét do, luu luong, ap suat).
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— Xay dung dugc phuong phap chung Iam nén tang dé dieu khién hé théng chiéc tach
co cac thanh phan bat dinh. Phuong phap nay cua luén an c6 kha néng giai quyet nhiém
vu dieu khién hé thong on dinh, diéu khién bdm o6n dinh cua hé thong dicu khién.

Y nghia thuc tién

— Ung dung duoc phuong phap dé xuat dé thiét ké bo diéu khién phan ly don gian hoa
cho qua trinh da bién.

— Diéu khién 6n dinh va diéu khién bam 6n dinh cua céac hé thdng chiéc tach, sy ndng
san, thuc pham...

— Ché tao hé théng chiéc tach Ethanol va Nudc.
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Chwong 1: CO SO LY THUYET VE HE THONG PHAN LY PA BIEN

1.1 PIEU KHIEN PHAN LY QUA TRINH PA BIEN
1.1.1 Phan ly ly twéng

G(s):P(s)D(s){P“(S) 0 }

0 P22 (S)
Trong d6 D(s) 1a ma tran chirc nang cua qua trinh phén ly

Dll(s) D12 (S):|

P ={Dm(s) D, (s)

M hinh hoa bo phan ly 1y twong thé hién Hinh 1.1:

Decoupler Process
i
> 11 2
+
>{ Pz
BN
++
> P22

Hinh 1.1 Cau triic diéu khién phan ly hai bién
Dua vao phuong trinh (1) ta c6 cac phuong trinh duoc thiét 1ap

R1(S) Dyy(8) + P, (s) Dy (8) = Py (s)
R1(S)Dy,(s) + R, (s)D,,(s) =0
P,1(8) D11(8) + Py, () Dy, (8) = Py, (s)
Py (s) D, (s)+ Py (s) D,, (s)=0.

Cac thanh phan caa bo phan ly 1y tuong:

(1.1)
(1.2)
N
Y2
(1.3)
(1.4)
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1.1.2 Phan ly don gian hoa

Decoupler Process
M
> i >
+

Py,

Pyy
+ 2
5| P 3 y\

Hinh 1.2 So d6 khdi bo phan ly don gian hoa

Phén ly don gian hda thiét lap duong chéo ma tran la 1

1 D,,(s)
D(s) :{ 2 } 1.5
D.(5) 1 (15)
Do d6 phuong trinh sau duoc sir dung dé tach bién
R1(s) Dy, (s) + R,(s)Dy(s) =0 (1.6)
P,1(8) Dy, (8) + Py, (8) Dy, (s) =0 .
Vi céc giai phap
D,,(s)=- ()
P.(8)
(1.7)
P (8)
D, (s)=———
Py (s)
Qua trinh phan ly dugc tach
P,- I31};P21 0
G(s) = 2 (1.8)
O P22 PlZ P21
P

1.1.3 Phéan ly nghich

~ Tém lai, phan ly nghich dé dat duogc hiéu suat cao nhu cong thurc (1.1) bang céc
yéu to cua bo phan ly don gian hoa cua cong thuc (1.5), diéu nay duoc thuc hién nhu
Hinh 1.3
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)\ Decoupler Process
sp- Uu. ml 1152
N my | op, s
N E g g
+
Dyp |— > Piz
D3y LS| P2y
SP2 ++ i Y2
U.Z TTT.Z; :
Hinh 1.3 So d6 khéi phan ly nghich

Khi sir dung b phan ly nghich cing véi céc yéu té phan ly cia bo phan ly don gian hoé

1.2 SO SANH UU NHUQC PIEM CUA CAC PHUONG PHAP PHAN LY

Dya trén co s¢ cla ba phuong phdp phan ly trén, ta co thé dua ra dugc bang nhan
dinh tong quét vé nhirng thuan lgi va han ché cua tirng phwong phap theo Bang 1.1 dudi

day:
Bang 1. 1 So sanh wu nhuge diém cua cac bo phan ly
Phanly | Phanly Phan

Dac trung cia phuwong phap phan ly tlrlég’/ng d()’lr:ég;éin nglzg’c
Khi mot vong lap duoc gitr & ché do di??u khi‘én ba?_mg
L?@thl 311; t(lil’(l)l’ll dong hoc cua nhitng vong con lai la co Khong ch
Nhiing phan tir ctia ma tran phan ly khong chira tong
cua cac ham truyen dat Khong ch co
Ma tran ham tAruyén, cua c4c chu trinh phan ly mac
ggtl tiep thi khdng cé chra tong ctia cac ham truyen co Khong ch
Khi nhiing vong lap duoc chgyén tir ché do dieu

l;lhl;nlgaiggdgany ;zgrrl]g tu dong thi khoi dong hé thong Khong Khong ch
Thuc hién véi khoi chirc nang Lead-lag va tré c6 thé
khéng lam giam hiéu suat thuc hién caa né co co Khong
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1.3 PO LUONG VA PHAN TiCH SU ON PINH BEN VUNG CUA CAC HE
THONG PA BIEN

1.1.4 Tiéu chuan IAE (Integral Absolute Error)

Dé danh gia va so sanh cac hé théng diéu khién khac nhau, ta thudng ding tiéu
chuan IAE nhu sau:

IAE = Oﬂe(t)\dt (1.9)
0

Luu ¥: Gia tri IAE duoc xac dinh nho dén mirc 6 thé.
1.1.5 Tiéu chuan TV (Total Variation)

TV 1a mot thude do ctia su ém &i cia mot tin hiéu va cé thé duogc sir dung dé
danh gia cac no luc kiém soat can thiét. N6 duoc tinh tir tong so bién thé cua bién thao
tac bang cach xem xeét tong cua tat ca di chuyén 1én va xuong:

TV=i|uM—ui| (1.10)
i=1

Luu y: Gid tri TV duoc xac dinh nho dén muc c6 thé.
1.1.6 Tiéu chuan dd vot 16 (Overshoot)

Dbap ung bi vot 16 khi chung vuot qua gia tri xac lap trong ca hai tmong hop cua
diéu khién d6 1a dap ung thay d6i theo nhidu va dap tng thay doi theo gia tri dat ban
dau.

1.1.7 Phan tich sy 6n dinh bén viing

Trong thiét ké hé théng diéu khién, md hinh danh nghia 1a dai dién gan ding cta hé
thdng thuc té. Su khac biét gitra mot hé théng thuc té va biéu dién toan hoc caa nd (mé
hinh danh nghia) duoc goi 1a sy khéng phi hop caa mé hinh (mé hinh khdng chac chan)
va c6 thé dan dén sai léch.

Mot hé thdng 1a 6n dinh néu khdng nhay cam véi bién doi dong hoc cua hé thdng, két
hop nhiéu yéu t6 khong 6n dinh s& trg thanh mot nhiu loan phirc. Thudng sir dung sy
khong on dinh cua da ngd vao va ngd ra dé danh gia chat luong on dinh cua hé théng
diéu khién da bién, ¢ day chung ta xem xét sy khdng 6n dinh da ngd ra vi n6 thudng c6
it han ché hon su khong 6n dinh da ngd vao trong hiéu qua diéu khién. Khi ma anh
huong d6 nhay cia sy khdng 6n dinh ngd vao it hon ngd ra. Vi vay, phan tich sy 6n dinh
duoc thuc hién bang cach xem xét khdng 6n dinh da ngd vao trong mdi thong sé cua
chu trinh, dugc md ta ¢ hinh sau:

10
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_________________________________

¥Ya

Hinh 1.4 Hé thdng diéu khién da ngd vao khong on dinh va cau trac diéu khién M-A
IL,: G,(s)=[1+E,(s)]G(s) Eo(s)=A(S)Wy(s) (1.11)

Trong d6 T, duoc biét 1a md hinh nhidu loan ngd ra, G,(s) la ma tran ham
truyén dat n*n ciia mé hinh qui trinh nhu 13 mirc anh huéng cia nhiéu loan cuia mé hinh
qui trinh danh nghia ciia G () do su bt én dinh trong da ngd ra Eq (s).d lon cua nhidu

loan E, (s).c6 thé dugc do trong diéu kién caa mot rang budc trén & (E, ).

& Eo(j®)]<W, (jo), Yo (1.12)

Sy tong hop cau tric gia tri don SSV, duoc goi 1a s p, d& xuat béi Doyle duoc
str dung & day dé do ludng sy 6n dinh cua hé thong diéu khién. moi khéi nhiéu loan déu
c6 thé duoc sap xép lai thanh cac ciu tric diéu khién chung theo Hinh 2.1. Trong d6
A(s) 1a khéi nhiéu loan. M(s) lién quan téi tt ca cac khdi khac nhu khéi diéu khién va
c4c yéu té trong so.

Déi véi mot chu trinh da bién vai bat 6n dinh da ngd ra, ma tran ham truyén dat tir
ngo ra téi ngd vao cua A(s) co thé duge xac dinh bai:

M(s)=-W, (5)G(s)C(s)[1+G(s)C(s)] " (1.13)

Trong d6 Ge(s) la bo diéu khién.

Hé thdng diéu khién da vong 13p s& van 6n dinh dudi sy bat 6n dinh da bién ¢ ngd ra
néu bat dang thirc rang buoc sau la thoa man:

h[M(jo)] =1 {W, (j0)G (j0)C(jo)[1+G (jo)C(je)] | <1, Vo (1.14)

Luu ¥ M(s) va A(s) yéu cau phai dugc 6n dinh.

11
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CHUONG 2: THIET KE BQ PHAN LY PA BIEN

2.1 Ly thuyét chung ding cho diéu khién phan ly da bién

Xét hé thong diéu khién phan ly dugc thé hién & Hinh 2.1, trong d6, G_(s) 1a bd
diéu khién nhiéu vong kin, D(s) 1a bo phan ly. G(s) va Q lan luot 14 qué trinh da bién va

qua trinh da bién da duoc phan ly:

D(s)

G(s)

Y1

Y2

A 4

Hinh 2.1 M6 hinh thuat toan hé thong diéu khién phan ly da bién nx n

Muc tiéu cua sy phan ly 1a dé xac dinh ma tran phan ly D, thoa man diéu kién

GD=Q, |]a mot ma tran duong chéo.
9 -+ Oy || O o dy qy --- O
gnl gnn dnl dnn 0 qnn

Tir (2.1), ta c6 cac méi quan hé khac nhu sau:

Oy +---+ 0,0 +0;d; +95.00;
r B i dli
gll b gl,i-l gl,i gl,i+1 gl,n :

: : . : . di-l*i
gi—l,l gi—l,i-l gi—l,i gi—l,i+l gi—l,n d
gi+l,1 gi+l,i—1 gi+1,i gi+1,i+1 gi+1,n d .

. : : . : i+1,i

L gnl gn,i—l gn,i gn,i+1 gnn i dm

+...+g,d; =0;

2.1)

2.2)

(2.3)

Tir (2.2), ta 6 thé xac dinh thanh phan tht i cia ma tran Q nhu sau:

Qi =0;d; +(gildli +0;,d, +"'+gi,i—ldi—l,i +gi,i+1di+1,i +...+0,dy ) =0;d; +giraic

Tir (2.3), ta xac dinh duoc:

(2.4)

12
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d°=-(G') g"d, (2.5)
Theo tinh chat caa ma tran thi:
G (adjG) =|G|1 (2.6)

T (2.6) ta rat ra duoc:

9nCi +--+0,0Cin + 0iCi 055Gy +---+ 65, G = |G| (2'7)
9 -+ Yuia 91 Ouin -+ Oun : 0
g | g | g | g | g |G 0
i1 e i-L,i-1 i-Li i1i+l ot i-L,n Ci,i _ (2.8)

gijrl,l gi+.1,i-l gi.+l,i gi+?,i+1 gi+.l,n C

L gnl gn,i-l gn,i gn,i+l gnn . 0

N L Ci n | -

Tu (2.8):

éi(_:ic +§iCCii — 0 (29)
Do do

._ &c”

g°=-— 2.1

LY (2.10)
Thay (2.10) vao (2.5), ta tim duoc:

- _.\1 GC" Ce

d°=—(G') | -——— |d, =d.

@)-SE o =a S o

Nhu vay, thanh phan (j,i) caa bo phan ly c6 thé duoc xac dinh nhu sau:

C.
d..:d..C—“, Lj=12,...,n; j#i (2.12)

ji i
ii

Thanh phan qii duoc xac dinh theo cong thuc sau:
g..
=d. 2
q|| 1l A (2.13)

Khi thiét ké bo phan ly don gian hoa thanh phan dii dugc mac dinh 1a 1. Chinh vi thé, ta
cé két qua nhu sau:

13
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_G

d“_C_“’ Lj=12,...,n; j#I
- G

qii A

2.2 Thiét ké bo phan ly don giin héa cho qua trinh da bién 2 x 2
Xét qué trinh 2x2, c6 ham truyén dat nhu sau:

G :|:gll g12:|
ng 922

B4 phan ly duoc tinh theo (2.14) nhu sau:

L Ca

D: C22
C
Cll

Trong do,

C= (ade)T _ {Cn C12} :{ O _921}
C21 sz =0, 011

g =Ce_ O
2~ ¢
11 922
C
d12 - C_21 — 912
2 Ou

Qua trinh bi phan ly duoc xac dinh theo (2.15), nhu sau:

_Ou o 9u9n
Oig Ay 914 9y

_ 9% _ 4 912092
02 A, 92 0.

2.3 Thiét ké b phan ly don gian héa cho qua trinh da bién 3x3

Ham truyén dat chung cho hé 3x3 duoc cho nhu sau:

(2.14)

(2.15)

(2.16)

(2.17)

(2.18)

(2.19)

(2.20)

(2.21)

(2.22)

14
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O 91 Y3
G= O 92 Qa3 (2-23)
O O3 Ui

Ma tran phan ly dugc xac dinh theo (2.14), nhu sau:

L Cu Cu
C22 C33
D-| 2 1 = (2.24)
11 33
% % 1
L 11 C22 n
Trong d6

C11 C12 C13 (933922 _932923) _(933921_931923) _(931922 _932921)
C= C21 sz Czs = _( 033912, — O3, gl3) (933911 - 931913) _(932 O — 931912) (225)
C31 C32 Css _(922913 - gzsglz) _(923911 - 921913) (gzzgn - 921912)

Qua trinh bi phan ly dugc xac dinh theo (2.15), nhu sau:

—_ 9 _ _911 (922933 _923932)_912 (921933 _923931) — 013 (931922 —0,.93 )_
q === (2.26)
A11 L 092,933 — 92393 _
— 9 _ _gzz (911933 — 913931) —Oxn (912933 — 01393 ) —0Uy; (932911 —03.91, )_
q22 - - (227)
A22 L gllg33 _913931 |
— Uz _ Os3 (911922 B 912921) —0Ox (913922 _912923)_ O3, (923911 _913921)
Qo = =2 = (2.28)
A33 911922 _912921

15



Tém Tat

Chwong 3: PHAN TICH VA SO SANH CAC PHUONG PHAP THIET KE
BQ PIEU KHIEN PI/PID DA BIEN DUNG CHO HE THONG PHAN LY

3.1 GIOI THIEU

Hién nay c6 rat nhiéu phuong phép thiét ké bo diéu khién da bién c6 thé sir dung
trong céc hé théng phan ly da bién bao gom cac phuong phap nhu sau:

3.2 Phwong phap Ziegler-Nichols (Z - N)
Daiy la phuong phap rét ndi tiéng duoc sir dung dé xac dinh cac thdng sé cua b

diéu khién PID. V6i mé hinh cong thém thoi gian tré dau tién, cac thong sé PID c6 thé
dugc thu dugc tir cac phuong trinh sau:

K. = 0.6K, ;7 1,=05T, ; 75 =0.125T, (3.1)

Phuong phap th hai, dugcC goi la phuong phap qua trinh phan tng duong cong, bo
diéu khién PID c0 thé duoc lay tir cac phuong trinh sau:

1‘L'I_

K, = 4
c1 K6’

T, = 20, p = 0.50 (3.2)
Xét thap chung cat tich methanol va nudc (Wood va Berry) da duoc nghién ciu boi
Luyben [39]:
12.8¢75 -18.9e73

_ |16.7s+1 21s+1
G(s) = 6.6e~7S —19.4e73S (3:3)

10.9s+1 14.4s+1

“De bo dieu khién Z - N (3.1) vong ldp don va b dieu khién PID da vong duoc thiét
ké boi McAvoy [40] c6 thé dat dugc la:

C,_n(s) = diag [0 945 (1 + %) —0.196(1 + W)] (3.4)
C,_n(s) =diag [0 647 (1 + T12S) —0.134(1 + 10—2)] (3.5)

' '
MaAvoy method
Z<N ningle loop tuning

Time [min)
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Hinh 3.1 Budc dap tng cho thap WB bang phuong phap McAvoy.

Hinh 3.1 cho thay diéu chinh vong lap don (ca vong I3p ty dong) la khdng thich hop dé
ung dung cho hé thong MIMO vi cac phan ung trong vong lap kin khdng on dinh.
3.3 Phuong phap diéu chinh BLT (BLT)

Nhitng dieu chinh I6n nhat cua Log modun (BLT) cung cap mét tiéu chuan dieu
chinh. Phuong phap luan do Luyben dé xuat vao nam 1986 [39].

B diéu khién BO xw ly
Gs B : 35 B B Thw 5 » o By
0 G 2 v w O Gy Gz s » 5 0| .
Pau vao cz = £e Paura
R . . . U . . .
0 0 " = 2 GC71 | GTL] an > = " G‘Il‘l’l

Hinh 3.2 So do khéi hé théng diéu khién da vong.

Truong hop 1y tuang quan trong nhat trong phuong phéap nay 1a diéu chinh tdi da bién
do vong Ie_ip, khi d6 xéac dinh cao diém cua dinh cong hudng trén bién do theo y tudng
cua Bode bang ham truyen vong lap kin.

Y(s)

@ =G(s)G.(s) (1 + G(s)G.(s)) ! (3.6)

Trong d6, G (s) 12 ma tran caa ham truyén vong lip mé co dang

—D;:S
Kij(tyij+e 7Y

(T2ij+1)(T31j+1)(T4ij+1)

(3.7)

Gj(s) =

Bo diéu khién phan hoi Ge(s) 12 ma tran duong chéo khi chiing ta sir dung bo diéu
khién N — SISO.

17



Tém Tat

Go(s) 0 0. . . 0 7
0 Ger(s) .. 0
Ge)=| ° beals) ° (3.8)
0 0 0 . . Gup(s)l
Trong do
1
Ga(s) =Ka (14 ) (39)

Hinh 3.2 cho thay quy trinh diéu chinh BLT.

Budc dau tién trong thu thuat 1a tinh toan BLT theo cac thiét lap Ziegler-Nichols cho
vong lap don. o lgi cudi cling va tan sé co ban ciia méi ham truyén G;(s) duoc tinh
theo céch co dién SISO. Do loi cho ca bo diéu khién phan hdi K. duoc tinh bang cach
chia d¢ loi Ziegler-Nichols cho hé sé F. Gia tri F 16n thi hé théng s& 6n dinh hon nhung
s& cham hon thiét 1ap va trong dap tng. Cac tham s diéu khién duoc diéu chinh dé toi
da bién d6 trong vong lap kin + 2N dB.

| Khoi dong |

A

A
| Tién trinh |

A
Do loi toi wu Ky
va do loi tan s0 w,,;

v
| HE s6 tinh chinh F |

A4

’ Né&u L% > 2N, gidam F ‘

A

>
£

)

B

[ W(iw) =-1+Det[1+ G (5) G [(iw)] |

A4
N w

178% = 20logy || ‘
cm 810 Wil

’ Né&u L'"3* > 2N, tang F ‘ ’

A

A4

| IR =2 |

A4

| Stop |

Hinh 3.3 So d6 khi cho phuong phap diéu chinh BLT

(N ; thﬁ: tu cua qua trinh); do lgi va thoi gian ,Iejp lai phai dugc xac dinh dé cho toan
hé thong on dinh va lam cho dap rng co thé chap nhan tai.

S6 luong cac thanh phan cua diém (-1, 0) thuc hién bang cach thay d6i W (iw) nhu
w tur 0 dén oo cua ve phai phuong trinh déc tinh vong lap kin.
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Bo diéu khién phan hoi duoc thiét ké dé cung cap cho mot dinh diém cong hudng toi
da trong vong lap kin logarit mé dun.

w
Lem = 20l0gy || (3.10)

Dinh diém cua L.,,, trén todn bo dai tan sé 1a diéu chinh téi da bién d6 vong lap LMma~,
yéu t6 F 12 khac nhau cho dén khi L™2* bang 2N, trong d6 N 1a thir tu cta hé thong. Doi
v6i N = 1, trong trudng hop SISO, chung ta ¢ duoc + 2 dB t6i da cho vong 13p kin tiéu
chuan tbi da bién d6. B6i véi mot hé théng 2x2, gid tri cuc dai duoc sir dung 1a + 4
LB3X - y4i 3x3 gid tri cuc dai duoc sir dung la + 6 dB.

3.4 Phwong phap SAT
3.4.1 Vong liap kin véi ché do do tw dong lién tuc
Qua trinh diéu chinh caa hé thdng MIMO chuyén tiép tuan tu trong Hinh 3.4 dudi

day:
Thiét 1ap X .
%

Hoi tiép

(a)

Thiét 1ap u, " ¥2
= .l'- > o, L
V2 + & o S

Hoi tiép
g ISP
(®)
> &n
Thiét 1ap u
A = 1 4
— Bo dieu khién > 21 —
¥ +
1 :
Thiét 1ap i = u i Vi
= > gu ——
¥, £l - +
Hoi tiép
"M g
©
Thiét 1ap u

—y’%)—ﬁ B ien |- g 0T v

Hinh 3.4 Tha thuat diéu chinh tuan tu cho cac hé théng 2x2.
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Bude 1: Dau tién kiem tra thong tin phan hoi gitra y1 va us trong khi vong lap 2 & ché
d6 bang tay (hinh 3.4a). Cin cir vao budc ‘nay, chung ta cai dat bo diéu khién P1/PID
Ziegler - Nichols tir d6 loi téi vu dén tan sé ti vu.

Budc 2: Cac bo Q1eu khién c6 thé dugc thiét ké cho vong lip 2 bang cach su dung cac
tht nghiém phan hoi thir hai gitra y2 va u trong khi vong lap 1 la tu dong (hinh 3.4Db).

Buoc 3: Phan hoi thuc nghiém duoc dat gitra y1 va us (hinh 3.4c). Trong khi diéu
khién trén vong lap 2 duoc dua vao ty dong; do do, mét dieu chinh hang so thiét lap
mai dugce xac dinh cho b diéu khién trong vong lap 1.

Budc 4: Quy trinh nay I3p di 13p lai cho dén khi cac cai dat bo dieu khien hoi tu. Néu
vong lap 2 duoc dong lai, dong huc két hop dé diéu chinh cta vong dau tién nhu sau:

_ 014(8)9,(5)9,(s)
%)= )L+ 00 (5)K, (5] 3.11)

Diéu chinh cua vong lap kin nay sé tré nén gidng nhau dé diéu chinh nhanh hon céc
vong lap trudc.

3.4.2 Thiét lap trong sé

Véi thiét 1ap trong sb, quy tic diéu khién PI sg 1a:
1
u(t)= Kl(Ar(0)=p(0)+ T [ (r(0) - p(1)) ] 312)

Trong do, B thong thuong ¢ doan gitra 0 va 1.

Ham truyén vong lap kin lién quan dén cac diém thiét 1ap, R (s), va két qua dau ra hé
thong, Y (s), dugc cho boi:

sy ={ 1 +G(S)K(8)} "G (s)K(s)G(8)K {B + K;(s)} (3.13)
Trong do:
K(s)=K {I +K;(s); K, =dig(K K ,,....K_)
. 1 1 1 i
K.(s) =dia : ; =diag(B,Bys--Bry
() QLTHS Ts TimSj p=diag(B,, By, Br)
3.4.3 Nhirng vu diém va nhwoc diém cia phwong phap SAT
STT Uu diém Khuyét diém
1 Phuong phap 1am cho van dé don gian. | Khong can thiét dé tat ca cac bo

diéu khién nhan ham truyén riéng
Ié cho muc dich dieu chinh.
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2 Xéc dinh xir ly théng tin xung quanh céac | Cac vong lap duoc thiét ké trudc
tan so quan trong, tan so toi wu la tan so | d6 thuong nhanh hon so véi cac
tai goc pha la - . vong lap sau.

3 Day 1a mot kiém nghiém vong lap kin dé | Doi vei thoi gian chét cao va quéa
qua trinh s€ khong di qua tir diém lam | trinh phi tuyén tinh, d6i khi n6 c6
viéc theo ly thuyeét. dugc vot 16 cao su xao tron.

4 Véi qué trinh cac hang s thoi gian dai | Doi khi c6 hiéu suat, ¢o bén viing
1a phurong phép tiét kiém thoi gian nhiéu | kém.

hon budc théng thuong hoic kiém
nghiém xung. Thoi gian thuc nghiém
gan tuong duong tir 2 dén 4 lan so voi
giai doan cudi clng.

5 N6 hoat dong mot cach hiéu qua. Cac gié tri IAE 16n dang ké.
6 Do 1a phuong phép chinh xac hon céac
phuong phéap khac.

3.4.4 Cac dang nghién cau
3.4.4.1Vidu 1: Thap WB

Chling ta c6 thé thiét ké bo diéu khién cho thap WB theo phuong phép thong tin hoi
tiep duoc the hién:

. 1 1
C(s) = diag {0.868(1+ ; 2468),—0.0868(“ )} (3.14)

10.4s

Hinh 3.2 14 sy so sanh gitta phuong phap SAT va BLT, chung ta ciing c6 thé noi
phuong phap SAT gitp cho hé thong kiém soét can bang hon va hiéu suat tt hon so véi
phuong phap BLT. Tuy nhién, phuong phap SAT nay khién hé thong diéu khién vot 16
nhiéu hon 1a BLT.
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—_— SBAT |

o 20 “40 GO no 100 120

Hinh 3.5 Cac buéc dap tng cho thap WB bing phuong phap SAT.

3.4.4.2 Vi du 2: Thap WW

Bang viéc st dung phuong phap SAT, chung ta c6 thé thiét ké bo diéu khién cho thap
WW.

| 1
C(s)=diag| 48.1/ 1
(5) 'ag{ ( " 18.995

Hinh 3.3 minh hoa cac dap ung thay d6i diém thiét lap vong lap kin cho thap WW.
Phuong phép SAT ciing 1am cho hé thong diéu khién dao dong va vot I9.

j _25.4(1+ ﬁ)} (3.15)

PR

200 400 [alele ] [alele} 700 noo
Tirme [min]

N

o 100 200 200 400 oS00 Lalele] 700 noo
Time [min]

Hinh 3.6 Cac budc dap tng cho thap WW bang phuong phap SAT.
3.5 Phuong phap thiét ké b diéu khién P1 da bién
Dua trén twong tac vong kin va RGA [62]
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o ) l,. ............. | i
E Gcl(S) .

Y2

G(s)

Hinh 3.7 Hé thong diéu khién da vong 1ap

Xét cac hé thdng diéu khién hoi tiép da bién, trong d6 G(s) la mot qué trinh da
bién nxn va b¢ diéu khién da bién G_(s) the hién ¢ Hinh 3.7. Ma tran ham truyén do

nhay va ma tran ham truyén vong kin caa hé théng duoc ky hiéu lan luot 12 S(s) va H(s)
va dugc xac dinh nhu sau:

- -1
S(s) =[| +G(s)GC(s)] (3.16)

H(s)=1-5(5)=[ 1+G(5)G,(5) | G(5)G.(5) (3.17)
Ma tran G(s) c6 the duoc khai trién theo chudi Maclaurin &p dung cho ma tran
tuyén tinh va lién tuc:
G(s) =G, +G,;5+G,s* +0(s%) (3.18)

Ngoai ra, bo diéu khién da bién G (s) ciing c6 thé duoc khai trién theo chudi
Maclaurin nhu sau:

éc(s):%[éco+écls+(§c252+0(s3)+--} (3.19)
Trong d6 ma tran duong chéo G_,G_,G_, tuong tng vai khau tich phén, khau ty I¢,
va khau dao ham cua bo diéu khién PID da bién mot cach tuong ung.
Ta biét rang, bo diéu khién P1 da bién tiéu chuan c6 dang nhu sau:

G.(s) :%[Ki +Rs] (3.20)

Thay phuong trinh (3.18) va (3.19) vao phuong trinh (3.17), ta nhan dugc khai trién
Maclaurin trong mién “s” cho ma tran H(s):

H(S) =1 -(GoGeo) 5+(GiBun) (146,60 +GiGa)(GiGun) 5240 (3.21)

Theo Lee [14], d4p tng dau ra mong mudn ciia mot vong kin thi i, Ri duoc thiét lap
nhu sau:
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G;i. ()
. = + :Gii+ S f 322
Trong d6, f 1a bo loc bac thap véi gia tri do loi bang 1 va duoc xac dinh béi:
fo_ 1 (3.23)
(A5 +D) !

Ghi chi 4 1 hdng sé thoi gian mong muén cua vong kin. Lity thira r dugc chon 13
mét sb nguyén sao cho bo diéu khién thiét ké thé hién dang ban chét vat Ii caa céc hé
théng thuc. Khi gia tri cao cho r, hé théng diéu khién s& nang cao dugc tinh on dinh, tuy
nhién dap tng dau ra cua hé thong s& khong duoc tét. Do vy, trong phuong phap dé
Xuat r duoc chon bang 1 dé nang cao dap umg dau ra cua hé théng da bién. Gii+(s) la
thanh phan khong kha nghich caa phan tir tha i caa Gii.

7,5 +l]£2'k232 ~21,4,S +1] otis

7;5+1 t2s* + 21,4, 5+1

G;. (s)=1I1;, ( (3.24)

Trong d6, €, 1a hang sb thoi gian tré tai vong 1ap tha i va hang s6 thoi gian cua qua
trinh duoc biéu dién boi 7 .

Pép ting vong kin mong mudn cia cac phan tir dwong chéo duoc tinh bang:
R(s)=diag[R},R,,--- Rn] (3.25)
Mg rong R(s) trong khai trién Maclaurin, ta nhan duoc:
R(s)=Ry+R;s+ Ii252+0(s3) (3.26)

So véi phuong trinh (3.21) va phuong trinh (3.26), ta dugc:

R, =1 (3.27)
R, =—diag[ (G,G,,)" | (3.28)
R, =diag [(Goéw)l(l +G,G,, +Goécl)(Goéco)l} (3.29)

Ta ¢6 thé nhan duoc ma tran chac ndng cc thoi gian hang so tich phan cua bo dicu
khién PID da bién bang céch sap xép lai phuong trinh (3.28):

K; =G, =—diag(G,'R;") (3.30)
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Xem xét cac dic tinh cua hé théng trén mién tan sé cho thay rang hé théng tré nén
noi bat ¢ tan so €ao |G(jw)G, (jo)|=1. Do d6, ma tran ham truyen dat vong Kin co thé
duoc tinh x4p xi nhu sau:

- -1 - -
H(s) =[ 1+6(9)6,(5)| G(5)6,(5) = G(5)G, () (3.31)

Dicu ndy cho thay thanh phan ty 1¢ ctia bo diéu khién ¢d thé duoc xac dinh phy thuoc
chu yéu vao céc phan tir duong chéo chinh va loai bo cac yéu t6 ngoai duong chéo cua
qua trinh da bién:

I{c :Gc1z[éal(lil_lliz_|i1+é‘1661)|i1_l} (3.32)

Ddi véi qua trinh da bién cé nhiéu thoi gian tré theo md hinh FOPDT tiéu chuan,
qui luat dieéu khién dé xac dinh khau phan tich c6 thé duoc xac dinh boi cac budc sau:

R -[Ro

oj| =—(4i+86) (3.33)

[R,] - 1RO

Thay thé phuong trinh (3.33) vao phuong trinh (3.30) va sap xép lai, ta nhan duoc
ham d¢ lgi tich phan thir i caa b6 diéu khién PID da bién:

5 > (3.34)

} _ (A +6:)(22:+6;) 2.6,

A

K, RO (3.35)

Trong d6 K, 1a d6 loi cia thanh phan dudng chéo thw ii cua ma tran ham truyén dat
clia qua trinh da bién.

Ngoai ra, cac phan tir duong chéo ciia ma tran RGA [3] duogc xac dinh theo cong
thuc:

1=G,8[G,'] (3.36)

Trong d6, ® la thuat toan nhan phan tir trong tng vai tirng thanh phan cua hai
ma tran. G, 1a ma tran d6 loi tai trang thai on dinh khi & tan so bang 0.

Thay phuong trinh (3.33) va (3.34) vao phuong trinh (3.32), d6 loi ty 1€ thu i cua bo
diéu khién da bieén duogc thanh lap nhu sau:

1

9“ (9" + 2ﬁ'ci)
Ky = ———— Giloi+24a)
Kii (HII + ﬂ’ci )

ﬁ"li(gii +Tii)_ 20 +4.)

(3.37)

Trong d6, z;; 1a hang s6 thoi gian cta thanh phan thi ii cua qua trinh.
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Déi véi md hinh ¢é nhiéu thoi gian tré khéc nhau, phuong phap dé xuét co thé duoc sir
dung dé c6 duogc cac thong so dieu khién Pl da bién thé hién trong bang 3.1.

Bang 3.1 Tham s6 cua b diéu khién PI dé xuét véi thoi gian tré

Mo hinh K 7,
e i (0. . K (6. + 1.
Ke ; ﬂ’ni (9“ +Tii)_ 9" (0“ + Zﬂ“u) ii ( ii + u) Kci
(TS +l) Ki (9“ +’1ci) L 2(9| +/1ci) ﬂ,”
- I (0, + 2. K (6. +4.
e L ﬁf.i(en+rl+rz)——9“(0“+2/1°') —"( i c')KCi
(rs+1)(r5+1) | K (6 +4) | 2(0,+ ) A

(75 +1)Ke ™ 1
7,5+1)(7,5+1 K. (6 + 4,
1 2 i il ci

_ ell(ell +22“ci)_ Kii(eii +ﬂ“ci) K
200, +4;) | A .

ﬂfn(eii +70,+7, _73)

(-7,5+1)Ke™ 1

6,6, +22,) | | Kilbi+4)
(TlS+1)(TZS+l) Kii(gii +ﬂ”€i) |

20, +4,) | A ¢

ﬂ%i(eii"'rl"'rz"'rs)_
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Chuong 4: PHUONG PHAP PE XUAT THIET KE BQ PIEU KHIEN
P1/PID DA BIEN

4.1 Giéi thiéu
4.2 Phwong 4n dé xuat

D(s) . G(s)

Hinh 4. 1 Cau trdc cua hé théng diéu khién phan ly da bién

Trén co & cau tric cta hé phan ly don gian hoa (Hinh 4.1) ta thay rang hé théng
diéu khién hoi tiép da bién (n x n) da dugc phan ly thanh maét tap hop n hé thong don
bién nhu duoc trinh bay ¢ Hinh 4.2

7 - e 2. u; g7

e u; 7 Y2

Hinh 4. 2 Hé thong nhiéu vong kin va mé hinh phan ly thanh cac hé théng don
bién twong ung
Trong do, g™ 1a ham truyén dat thir ii cua ting vong kin cua hé thong da bién sau khi
d3 phan ly thanh cac hé théng don bién tuong Gng.

27



Tém Tat

Hinh 4.4 CAu tric cua hé thong diéu khién don bién theo ly thuyét IMC

Trong trudng hop nay viéc thiét ké bo diéu khién tro nén don gian hon rat nhiéu
khi so sanh véi viéc thiet ke b dieu khién cho hé da bien, do bo phén ly don gian héa
da tach moi twong tac bén trong cua qua trinh da bién (process interaction) va tuong tac
vong kin (closed-loop interaction). Co nghia la ta chi can thiét ké bo dieu khien cho hé
don bién véi doi tuong diéu khién la ham truyén dat twong duong g:"

4.4.1 Phwong phap chung dé thiét ké b diéu khién PI-IMC
Theo Hinh 4.2 ta co:

G, (s)=g;"laham truyén dat ctia qua trinh don bién

G,(s)s G.(s), q(s) , Va f,(s)lan luot 1a ham truyén dat theo md hinh cau tric IMC, bo
diéu khién don bién, bo loc IMC, bo loc tin hiéu dau vao.
Cho rang y(s),r(s), d(s) va u(s)lan luot la tin hiéu diu khién dau ra, gia tri dat
dau vao, tin hiéu nhidu dau vao va tin hiéu thao tac.

Néu mo hinh khong bi sai léch G, (s)=G, (s) khi d6 dép tng theo gia trj dat (set-

point) va dap tng khir nhiéu (disturbance) trong ciu tric diéu khién IMC dugc thanh
lap nhu sau:

¥(s)=G.(s)a(s) f.(s)r(s)+[1-Ga(s) |G, (s)d(s) (4.)
Mb hinh cia qua trinh G, () duoc tach 1am hai phan nhu sau:

Gy (5)=Pn(5)Pa(S) @2)
Trong do:
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P (3) la mot phan cua mé hinh c6 thé duoc dao nghich khi thiét ké bo diéu khién
(minimum phase).

q PA(8) 13 mot phin cia mé hinh khong thé duoc dao nghich khi thiét ké bo didu
khién (non-minimum phase).
Luu y ring thanh phan khong thé dao nghich bao gom thoi gian tré, Zé-rd nam
bén phai caa mat phang phirc

B6 diéu khién IMC q(s) duoc thiét ké nhu sau:
a(s)=pn (5)F (5) (4.3)

V6i cu trite diéu khién hai bac tu do (2DOF) b¢ loc IMC dugc chon lya dé nang
cao dap tng cua hé thong nhu sau:

1

f(s)=———
()= 5217 (4.4)
Trong d6 A 1a thong s6 dieu chinh ¢6 the duoc st dung dé thoa hiép giira hiéu qua
thuc thi cua h¢ thong va on dinh bén vitng. SO nguyén a duogc lua chon Ion vira du dé
lam cho bo diéu khién IMC thuc thi duoc (proper).
Ngoai ra, d,é néng cao hon nita dap ung déu ratheo gia tri dat, viéc thiét ké bo loc
dau vao la can thiét. Bo loc dau vao dugc thiét ké dé khir cuc gan Zé-ré trong ham truyén
dat Gd (S)

Pa(5)X (s +D)

== ' =0 (4.5)

1- Gp (S)q(S) S=241,24 2+ Zdy (ﬂ’s + 1)a

$=2d1:2d 2 Zdv

Thay cong thirc (4.3) vao (4.4) ta nhan duoc bo diéu khién IMC nhu sau:

Zvl(ﬂis +1)
9(s)=pm (s)

(4.6)
(As+1)"

Thay cong thirc (4.6) vao cong thuc (4.1), dbi véi truong hop ham truyén dat
vong kin theo gia tri dat ta nhan duoc:
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y(s) pA(S)Z:l:(ﬂiS +1)

_ i (4.7)
r(s) (As+1)°

y(s)_ _pA(S);(ﬁiS-l_l)

ds) 1 (25 +1) Gq(s) (4.8)

Khi d6 bo diéu khién hdi tiép 1y tuong duoc thanh lap nhu sau:

G.(s)=—= (4.9)

Chinh vi vay bo diéu khién héi tiép 1y tuong dé nhan duoc dap ing dau ra mong
mudn duoc thanh 1ap nhu sau:

P2 (5) (85 +D)
G.(s)= — (4.10)
(As+1)" - pA(s)Z(ﬂis +1)

Cong thtc (4.8) hién tai chwa phai 12 bo diéu khién PI/PID. Do d6 ta phai chuyén
d6i thanh bo PI/PID thich hop bang viéc sir dung cac k¥ thuat xap xi hda mot cach phi
hop nhat nhu 13 k¥ thuat khai trién chudi Maclaurin hoic thuat toan xap xi Padé
[9,12,17,22,23,34,35,43,48,49,51,52,53,57].

Luu ¥: Di voi he FOPDT va SOPDT bo loc dau vao duoc thiét ké mot cach
tuan tu nhu sau:

Bs+1
fr(s)zyBST (4.11)
f _ yr,s+1
r(s) (T|TD82+T|S+1) (4.12)

Trong do, 0<y <1

Héséy co ¥ nghia nhu sau:
v=0, Trong truong hop nay, dap trng theo gia tri dat bi cham
v=1, Trong truong hop nay, khdng cd bo loc theo gié tri dat
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0<y<I, C6 ¥ nghia la ching ta c6 thé diéu chinh hé s6 y truc tiép dé dat duoc
dap tng theo gia tri dat mong muon.

Trong luan an nay, bo diéu khién dé xuat 1a bo diéu khién PID két hop véi bo

loc ¢6 dang nhu sau:

1 ds? +cs+1
G (s)=K_ |1+— S| ————
o(5) C[ +r,s+fD Jasz+bs+1 (4.13)

Bang viéc so sanh cdng thire (4.10) va (4.13), ta s& xac dinh dwoc cac qui luat
diéu chinh bi diéu khién PID dé xuat.
4.4.2 Qui luat diéu chinh b diéu khién IMC-PID
4.4.2.1 Hé théng FOPDT

Néu ham truyén dat twong duong 12 mé hinh bac mét c6 thoi gian tré (FOPDT)
v6i ham truyén dat c6 dang nhu sau:

G (s)

Trong d6 K, T va 0 dai dién cho d6 loi, thoi gian hang sb va thoi gian tré caa
qua trinh.

Ke
B 7s+1

(4.14)

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

_ ps+1
(As+1) (4.15)

f(s)

Theo d6 bd diéu khién hdi tiép vong kin la

(ts+1)(Bs+1)
K[(/Is +1)" —e™(Bs +1)] (4.16)

G.(s)=

Bang viéc st dung phép xap xi Padé 3/2 ddi véi ham mii e nhu sau:

20 & (4.17)

Bo diéu khién PID két hop véi bo loc 2/3 dugc x4c dinh nhu sau:
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20
. (?j =20 -9 4.18
““K(@iro-p’' ' 5 ° 8 (4.18)
{‘?ﬂﬂ_ez_i_w_’_lzj
,_\5 105 . (4.19)

(224+6-p) ’

30°p 02 10° 24%
-+ +
20 60 10 5

- _ _ _ 4.20
b (24+6-p) a,¢c=p,d=0 (4.20)
Bo loc dau vao duoc thiét ké theo cong thirc (4.5) nhu sau:
A 2 /
_ REE -0/t
p=rl [1 T J ¢ (4.21)

4.4.2.2 H¢ thang SOPDT
Day 1a m6 hinh hé théng bac 2 dugc sir dung rat rong rai vai ham truyén dat
tiu chuan nhu sau:

Ke™
Ce (8)=Col8)= 5Ty (s ) (4.22)

Véi md hinh trén bo loc IMC thong thudng duoc thiét ké nhu sau [22,34,53]:
2 4
f(s)=(Bs" + Bis +1) /(A5 +1) (4.23)

Nhu thé bo diéu khién IMC duoc xac dinh

q(5)=(r5+1) (8 +1)(Bs” + s +1) /K (s +1)’ (4.24)

G.(s)=(ns+1)(7;s +1)(5232 +pis +1)/K[(;LS+1)4 —e” (ﬁzsz + s +1)} (4.25)

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

néu trén, cu thé nhu sau:

B i}
= K@ro-p) 01 =4

A (4.26)
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2
[—,82 +%—9—+—6/w +322J

5 10 5
_ _ (4.27)
a (324_0_&) (T1+T2) ’
2 3 2 2
e
b= (31+0- ) —nrp-a(z+ 1) (4.28)
=2 d=ﬁ
5 20 (4.29)
A 3 A 3
11{[1] ee/nlirg{(lj o0t
* *2 4.30
pr= (4.30)
(r-12)
3 3

Do6i véi cac hé théng va qua trinh khéc, cach xac dinh qui luat diéu chinh cua bd
diéu khién PID két hop bo loc theo phuong phap dé xuat dugc thuc hién mot cach twrong
tu nhu trinh bay ¢ trén.
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CHUONG 5: PHUONG PHAP NHAN DANG HE THONG PIEU KHIEN

5.1 Phét trién phwong phap tong binh phwong gia tri sai léch nhé nhat LS (Least-
Squares)

Phuong phap LS duoc phat trién nhu sau:
Xét cac thong sé cia mo hinh duéi day
V.= D@+ 0,0 + Dy + -+ By 1=12,3,---m (5.1)
Trong do
By, D, Pare-- P, 12 CAC thng s6 ciia mo hinh
y, Va ¢, ladi liéu lay tir thi nghiém

M6 hinh toan hoc c6 thé dugc xac dinh bang cach tdi thiéu hda ham muc tiéu nhu
sau:

min|Q(#)-3(-5' 52)
Tt cong thire (5.1) va (5.2) ta viét lai nhu sau:

min| @(F)=(v-¥) (v-¥)| (5.3)

Y =oP (5.4)

Trong d6 cdc ma tran va vector cua cac cong thuc (5.3) va (5.4) dugc khai trién cu
thé nhu sau:

Yi

Y = y2 (5.5)

=<
I

(5.6)

P=|" (5.7)
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Oy Pox 0 Py
o= B T 9
O Pom " Dom

Nghiém ctia phuong trinh t6i wu (5.3) ¢d thé nhan duoc bang cach tim P dé
gradient cia Q(P)=0. Do d¢, ta khai trién gradient Q(ls) nhu sau:

RQP) (VY 1 o ] .
5 =2[6F3 (Y-Y)=-207 (v -@P) (5.9)
Trong do, theo dinh nghia gia tri gradient (5.9) la
~ ~ ~ ~ T
aQ(AP)z Q(P) (P)  a(F) (5.10)
oP o, P, op,
G G
op, P, op,
VRN A A A
Bo| P B B (5.11)
Wy Fn . Fn
L ofy b, P, |

Tir (5.9) ta thay nghiém caia ham téi vu (5.2) théa min cac diéu kién nhu sau

O (Y -®P)=0TY —0'®P =0 (5.12)
Tir cong thie (5.12) ta nhan duoc nghiém téi wu sau day

P=[o'0] [o'Y] (5.13)

T (5.13) taco thé lugng hoa gia tri toi thicu cua tong cac gid tri sai léch da dugc
biéu dién bai cong thirc (5.1), do do6 cong thirc (5.13) duoc goi la phuong phap tong binh
phuong gia tri sai Iéch nho nhat (LS)

5.2 Ap dung phwong phap LS dé phan tich va nhan dang hé théng chung cét
Cho rang nhiét do cia hé thong chung cat Ethanol va nuée duoc bicu dién boi
ham bac cao Gn(s) va can thiet phai dua vé mo hinh ham bac 2 twong duwong nhu sau :

G (s):Ke—% (5 14)
T %8 1 2085 +1 '
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Do lgi cia mé hinh ¢ cdng thac (5.14) dugce xac dinh nhu sau :
K =G,(0) (5.15)

Khi d6 gia tri ude luong cua z va & dugce xac dinh théa mén céng thﬁ:c, (5.16) bang
viéc giai (5.17) theo phuong phap tong binh phuong gia tri sai Iéch nho nhat (LS)

G, (iw)) 5| sziiew |: & (5.16)
|l () +|21'§a)| \/(1 T2w2)2+(ZT§a))2 .
2
G (i) = K
G, (io) (v (2r20) (5.17)
2'4‘Gh (ia)k)‘2 a’ +(472§2 —272)‘Gh (ia)k)‘2 a’ =K? —‘Gh (i, )‘2 (5.18)
O<oy<w, << <<, (5.19)

Luu ¥ rang tan s6 tu nhién wn duoc chon nhu 13 tan s6 ti han wy cia qua trinh,
Thong so6 cuoi cung cia moé hinh toan dugc udce luong chinh la thoi gian tré cua qua
trinh tir cong thire tinh d6 1éch pha theo tan s6 wm.

. K —i6wy,
£ G, (iw,)]= L i_ T2 = ®(m, ) =0, +arctan 2(-2réw, 1-’e,?)  (5.20)

~® (e, )+arctan 2(—27§a)m 1- rza)mz) (5.21)

),

0=

m

Khi vigc thiét ké hé thong tai tan s6 gan vi tan s6 téi han cang thic (5.20) va
(5.21) duoc viét lai nhu sau :

—7 = —0w, +arctan 2(—275% RES Tzwuz) (5.22)
7 +arctan 2(—21§a)u 1-7°0} )
o (5.23)
a

u

Néu trong truong hop mé hinh dwoc xap xi boi ham bac mét co thoi gian tré
(FOPDT). Ta tién hanh hoan toan twong ty nhu mo hinh bac hai da néu trén.

Két qua cy thé nhu sau :

K =G,(0) (5.24)
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2 NE
_ \/K ‘-Gh (iw,) (5.25)
‘Gh (i, )|,
. 7 +arctan 2(—rw, ) (5.26)

@,

Chwong 6 : NGHIEN CUU MO PHONG, PHAN TICH VA SO SANH VOI
CAC HE THONG DPIEU KHIEN DA BIEN

6.1 Cac mo hinh va phwong phap so sanh

Trong phan nay, phuong phap dé X}lét dugc ap dung cho cac mo hinh pho bién va
duogc so sanh véi cac phuong phép thiét ké di€u chinh sau day dé chung minh hi¢u qua
cua phuong phap dé xuat:

1. Phuong phap thiét ké diéu chinh BLT duoc trinh bay boi Luyben.

2. Phuong phap thiét ké chuyén tiép dya trén thong tin phan hoi tu dong diéu chinh
(SAT) duogc trinh bay bo1 Loh.

3. Phuong phap Vinante and Luyben (VL) dugc trinh bay.

Nhitng so sanh nay duoc nghién ciru dé ching t6 phuong phap dé xuét cé thé duoc
thuc hién voi cac hé thong diéu khién da bién vong kin va so sanh voi mot s6 phuong
phap thiét ké noi tieng Khéc.

6.2 Pieu khién cot chung cat Wood & Berry (WB)
Cot WB dung dé tach Ethanol va nudc c6 ham truyén dat nhu sau [44]:

12.8¢° -18.9¢°°

16.7s+1 21s+1
G(s)= 6.1
(5) 6.6e7°  —19.4e° (61)
109s+1 144s+1
B6 phan ly duoc xac dinh theo cong thuc (2.19) va (2.20) nhu sau:
. 1.477(16.70s + 1)e™
21s +1
D(s)= 6.2
(s) 0.34(14.4s + 1)e™™ ) (62)
10.9s +1

Cac két qua thdng sé diéu khién va céc chi sé tinh toan hiéu suat cho tirng phuong
phap dugc liét ké trong Bang 6.1 va Hinh 6.1, Hinh 6.2 so sanh dap (rng vong kin theo
thoi gian caa mdi phuong phap thiét ké trong truong hop thay doi theo gia tri dat theo
ham béc thang don vi duoc thyc hién tuan tai t = 0 va t = 200 (ph) cho vong 1 va 2, mot
cach twong ung. Ta thiy rang hé thong phan ly thiét ké theo phuong phap dé xuat c6
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dap ung nhanh, can bang hon khi so véi cac phuong phap khac. Hi¢u qua cua phuong
phap d¢ xuat ciing dugc Xac nhan bai gia tri IAE nho nhat thé hién trong Bang 6.1.

2 T
—Proposed
" ~==BLT
1'5':’-, ---SAT
; 1 -:: VV:‘»:", . PN
0.54
0 1 1 1
0 50 100 150 200

Time [min]

Hinh 6. 1 Pap tmg vong kin doi véi su thay doi gia tri dat theo ham bac thang cho
cot WB (vong 1)

1.5

0 50 100 150 200
Time [min]

Hinh 6. 2 Pap tng vong kin d6i véi sy thay doi gia tri dat theo ham bac thang cho
cot WB (vong 2)

Bang 6.1 Thong sé caa bo diéu khién va két qua thuc thi caa hé théng WB

Phuong phap Vong K T, Tp A IAE
Phuong phéap dé 1 0.035 0.653 0.204 5.26
XUﬁ:’[ 11.128
2 -0.0117 0.845 0.264 8.00
BLT 1 0.375 8.29 - -
56.473
2 -0.075 23.6 - -
SAT 1 0.87 3.25 - 1.11
24.297
2 -0.09 10.4 - 7.11

Luu y: B loc cua bé diéu khién dé xudt vong 1 1a:
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ds®+cs+1 9.194s +1
Fcl(s) =2 = 2
as”+bs+1 0.103s°+0.369s+1
Bo loc dau vao 8.275s+1
f(s)=—"——=
9.19s+1

B6 loc cua bé diéu khién dé xuat vong 2 1a:

ds® +cs+1 10.603s+1
FcZ(S): 2 = 2
as“+hs+1 0.185s5“+0.572s+1
Bo loc dau vao ; 8.48s+1
rZ(S):
10.6s+1

Phuong phap dé xuat dung dé thiét ké bo diéu khién PID da vong kin dung cho hé
théng diéu khién phan ly don gian hoa. Phuong phéap nay c6 thé ap dung cho nhiéu qué
trinh da bién trong cong nghiép. Két qua md phong cho thay bo diéu khién dé xuat c6
kha ning nang cao chat luong cua dap tng dau ra véi tri sé IAE thap hon rat nhiéu khi
so sanh véi cac phuong phap khac.

6.2 Piéu khién cot chung cat Vinante & Luyben (VL)
Cot WB dung dé tach Ethanol va nudc ¢6 ham truyén dat nhu sau [44]:

—2.2e°  1.3e%*

_| 7s+1 7s+1
G (S)_ _Dgal8 4 30035 (6-3)

95s+1 92s+1

B phan ly dugc xac dinh theo cong thire (2.19) va (2.20) nhu sau:

1 0.591
D(s)=| 0651(9.25 + e (6.4)
95s+1

Céc két qua thdng sb diéu khién va cac chi s tinh toan hiéu suat cho ting phuong
phap dugc liét ké trong Bang 6.2 va Hinh 6.3, Hinh 6.4 so sanh dap (rng vong kin theo
thoi gian cua mdi phuong phap thiét ké trong truong hop thay doi theo gia tri dat theo
ham bac thang don vi duoc thuc hién tuan tai t = 0 va t = 60 (ph) cho vong 1 va 2, mot
cach twong ung. Ta thiy rang hé thong phan ly thiét ké theo phwong phap dé xuat c6
dap ing nhanh, can bang hon khi so v&i cac phuong phap khac. Hiéu qua cia phuong
phap dé xuét ciing duoc xac nhan bai gia tri IAE nho nhat thé hién trong Bang 6.2.
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—Proposed.
---BLT

-—SAT

L L L L T

10 20 30 40 50 60
‘Time [min]

Hinh 6. 3 Pap tng vong kin d6i véi sy thay doi gia trj dat theo ham bac thang cho
cot VL (vong 1)

1.5

e L
0'50 10 20 30 40 50 60

Time[min]

Hinh 6. 4 Pap tng vong kin d6i véi sy thay doi gia trj dit theo ham bac thang cho
cot VL (vong 2)

Bang 6.2 Thong sé cua bo diéu khién va két qua thuc thi caa hé théng VL

Phuong phap \ong K T, Tp A IAE
Phuong phap dé 1 -0.29 0.272 0.085 1.6
xuat 2.69
2 0.131 0.14 0.044 1.3
BLT 1 -1.07 7.10 - -
8.61
2 1.97 2.58 - -
SAT 1 -1.35 2.26 - -
7.15
2 3.97 2.42 - -

Luu y: Bé loc cia bé diéu khién dé xuat vong 1 1a:

F.(s)= ds®+cs+1 3.19s5+1
o as®+bs+1 0.016s%>+0.118s+1
Bo loc dau vao f(s)= 1.91s+1
' 3.19s+1
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B6 loc ciia bg diéu khién dé xuat vong 2 1

(S)_dsz+cs+1_ 3.145s +1
ez as®+bs+1 0.005s®+0.09s+1

1.89s+1

Bo loc dau vao (s)=— =
r2 3.145s +1

Phuong phép dé xuat dung dé thiét ké bo diéu khién PID da vong kin ding cho
hé théng diéu khién phan ly don gian hoa. Phuong phap nay c6 thé ap dung cho nhleu
qua trinh da bién trong cong nghiép. Két qua md phong cho thay bo diéu khién d& xuit
c6 kha ning nang cao chit lugng cua dap tmg dau ra vai tri s6 IAE thap hon rat nhiéu
khi so sanh véi cac phuong phap khac.

6.3 Piéu khién cot chung cat Ogunnaike & Ray (OR)

Cot chung cit OR dung dé tach hon hop giita etan va nude dugc nghién ctru boi
nhém nghién ciru ctia Ogunnaike et al., [45], theo d6 ma tran ham truyén dat cé dang
nhu sau:

[ 0.66e2%  —0.61e7°%% —0.0049¢"°
6.7s+1 8.64s+1 9.06s5+1
1.11e%*  -2.36e* —-0.0le**
G(s) = e (6.5)
3.255+1 5s+1 7.09s +1
—34.68¢°*  46.2¢°*  0.87(11.61s+1)e"
| 815s+1  10.9s+1 (3.89s+1)(18.8s+1)
Ma tran phan ly don gian hoa duoc thiét lap theo (23) nhu sau:
B -1.437s ]
. 0.7278(20.463s +1)e 0.00486 5%
(17.938s +1)
(D(s) = 0.352¢ 015 1 ~0.0028 |6.6)
23.238(18.29s +1)e %% _26.457(4.128s +1)e 4 .
(17.271s+1) (14.521s +1) |

Trong nghién ciru md phong phuong phap dé xuat duoc so sanh véi phuong phap
BLT Luyben (1986) [19] va nghién ctru theo phuong phap cua Loh [37].

Thong s6 diéu khién va két qua xac dinh chat lugng cua ca 3 hé thong diéu khién
duoc liét ké ¢ Bang 6.3 nhu sau:

Bang 6.3 Céc thdng sé cua bo diéu khién

Phuong phap vong K T, 75 A IAE
Phuong phap dé xuét 1 0.34 1.04 0.325 400 86.24
2 -0.089 1.20 0.375 3.75
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3 0.287 0.40 0.125 1.82

BLT 1 1.51 16.4 - - 530.64
2 -0.29 18.0 - -
3 2.63 6.61 - -

SAT 1 2.71 7.44 - - 889.73
2 -0.37 10.52 - -
3 4.56 3.09 - -

Luu y: Bé loc cia bé diéu khién dé xuat vong 1 1a:

F.(s)= ds®+cs+1 5.965 +1
. as’ +bs+1 0.23s% +0.403s+1
Bo loc dau vao £(s)= 357s+1
h 5.965+1

Bé loc cua bé diéu khién dé xudt vong 2 1a:

ds® +cs+1 4.83s+1
Fe, (S) = a2 = 2
as“+bs+1 0.3s°+0.44s+1
Bo loc dau vao ()= 2.9s+1

 4.83s+1

B6 loc cua bg diéu khién dé xuat vong 3 1a:

(s)= ds® +cs+1 3.04s+1
° as’ +bs+1 0.035s% +0.162s+1
Bo loc dau vao £.(s)= 1.823s+1

' 3.04s+1

Trén co sé thay d6i bién do cua gié tri dat dau vao cua cac vong kin 1, 2 va 3 1a
1,1 va 1, ta xac dinh dugc dac tinh cta dap ung dau ra cua ca 3 hé thong dugc thé hién
o0 Hinh 6.5, Hinh 6.6, Hinh 6.7
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—Proposed
0.2 ---BLT
---SAT
G0 100 200 300 400 500 600 700 800 900

Time[min]

Hinh 6.5 Dap ttng vong kin cua cot chung cat OR (vong 1)

() 100 200 300 400 500 600 700 800 900

Timelminl|

Hinh 6.6 Dap ttng vong kin cua cot chung cat OR (vong 2)

. I 1 I I I
300 100 200 300 400 500 600 700 800 900

Time[minl

Hinh 6.7 Dap ttng vong kin cua cot chung cat OR (vong 3)

Tir két qua mo phong & bang 6.3 va hinh 6.5, 6.6, 6.7 ta thay rang dap ung dau ra
cua hé thdng dé xuat c6 chat luong cai thién dang ké khi so sanh véi 2 hé théng con lai,
do dap ung dau ra hau nhu di loai bo tac dung caa nhiu rat dang ké. Chinh vi thé gia
tri IAE ctia phuwong phap dé xuat Ia rat nho ( 86.24) khi so sanh vai gia tri IAE cua 2
phuong phap con lai la ( 530.46 va 889.73).
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Chuong 7 : MO HINH THU'C NGHIEM CUA HE THONG CHUNG CAT
ETHANOL VA NUOC

7.1 Gigi thiéu chung

M6t trong nhitng nganh co su déng gop to 16n dén sy phat trién cong nghé khoa
hoc k¥ thuat trén toan the gidi chinh 1a nganh Co khi. Bac biét 1a nganh Céng nghé ché
tao may.

Ngay nay, cac phuong phap duoc s dung dé nang cao do tinh khiét: trich ly,
chung cat, co dic, hap thu.. . Tuy theo dac tinh yéu Cau cua san pham ma ta co su lya
chon phuong phap thich hop. Pdi véi hé Ethanol - Nudc 1a 2 cau tir tan 13n hoan toan,
ta phai dung phwong phép chung cét dé nang cao do tinh khiét cho Ethanol.

Céac nghién ctu vé chung cat Ethanol duoc thuc hién kha nhiéu trén thé gioi
nhung tai Viét Nam con rat han ché, gan day méi c6 méot so céng trinh vé chung cat
Ethanol.

7.1.1 Phwong phap chung cat

Chung cat 1a qua trinh phan tach hdn hop long hoic khi long thanh cac cau ti
riéng biét dua vao su khac nhau vé do bay hoi cua chung (nhiét d¢ soi khac nhau ¢ cuing
ap Suat) thong qua viéc lap di 1ap lai nhiéu lan qua trinh bay hoi - ngung tu. Trong do,
vt chat di tr pha long vao pha hoi hodc nguoc lai. Khi chung cét, ta nhan duoc nhiéu
CaU tir, cO bao nhiéu cau tir s& thu dugc by nhiéu san pham. Vi dy trong truong hop Xeét
hé chung cat don gian voi hai cau tir thi ta thu duoc hai san pham bao gom san pham
dinh ¢6 cau tir ¢ d6 bay hoi 16n vai nhiét do sdi nho va san pham day c6 cau tir c6 do
bay hoi bé véi nhiét do s6i 16n. Trong nghién ciu ndy, véi viéc chung cat Ethanol va
Nudc, san pham dinh chu yéu sé& la Ethanol va mét it Nudc, san pham day chu yéu la
Nudc va mét it Ethanol.

Céc phuong phap chung cat ph bién hién nay bao gom chung cét gian doan hodc
chung ct lién tuc, theo nguyén ly chung cat dya vao ap Suit thap, &p suat thuong va ap
Suit cao, trén co s nhiét do sbi cua cac cau tir, néu nhiét do sOi cua CAC cau tur qua cao
thi ta giam ap suat lam viéc dé giam nhiét do sbi cua cac cau tu.

7.1.2 Chung cét gian doan
Nguyén tic chung cét gian doan duoc thé hién theo so d6 & Hinh [7.1] :

Hinh 7.1 Gian d6 can bang pha cho chung cit gian doan
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Luc dau, dung dich cd thanh phan biéu thi & diém C, khi dun dén nhiét d6 s6i hoi
bdc 1&n c6 thanh phan tng véi diém P, vi trong pha hoi ludn c6 cu ti d& bay
hoi hon la trong pha long, nén trong thoi gian chung ct, thanh phan pha long
sé chuyen dan vé phla cau tir kho bay hoi. Cudi cling, ta s& nhan duoc chit Iong con lai
trong bdn chung cat vai thanh phan 1a Cn va thu duoc hdn hop hoi P, P1, P2, ..., Pn,
thanh phan trung binh cua hdn hop hoi biéu thi ¢ diém Ptb.

So dd nguyén Iy chung cét gian doan duoc biéu dién trén Hinh 7.2

1.Bon chung cat

F, Xz

2. Thiét bi ngung tu

—{—c—
2 3.Thung chtra san
pham

Hinh 7.2 So d6 chung cat don gian

Trong d6, hdn hop dau tién duge dua vao bdn chung cét (1), tai day hdn hop
duoc gia nhiét véi mot nhiét do thich hop dé cd thé boc hoi va tao thanh cac cau ti pha
hoi di vao thiét bi ngung tu va lam lanh (2). Khi dat duoc nhiét 6 1am lanh can thiét
dén pha long, cac cau tir pha long s& dugc dua dén thung chira (3), chét long con lai
trong bon chung cat s& dugc thao ra. Nhu vay, day chinh 1a qué trinh chung cit gian
doan. Tuy nhién, ta van cd thé tién hanh chung cét lién tuc néu thanh phan san pham
khong thay d6i. Trong cdng nghiép, ta c6 thé sir dung phuong phap chung cit gian doan
trong cac truong hop sau:

Khi nhiét 6 sdi cua hai cau ti rat khac nhau.
Khi khong doi hoi san pham co do tinh khiét cao.
Khi tach hdn hop 1ong ra khoi tap chat khong bay hoi.
Khi tach so bd hdn hop nhiéu cau ti.
7.1.3 Chung cét lién tuc

Phuong phap chung ct gian doan khong cho phép ta thu dugc san ph,ém c6 do
tinh khiet cao. Bé c6 duoc san pham c6 do tinh khiet cao, ta tien hanh chung cat lién tuc
nhiéu lan, theo gian do thé hién ¢ Hinh 7.3:
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Hinh 7.3 So do chung cat lién tuc nhiéu lan

Trong d6, hdn hop dau tién duoc lién tuc dua vao bon chung cat (1). Tai day, mot
phan chét long duoc bdc hoi tao thanh san pham dinh, 6ng thao san pham dinh dong
thoi ciing 1a dng dé duy tri muc chat long trong bon khong d6i. Cau tir hoi (C) dugc duy
tri & trang thai can bang véi pha long (B). Cau tir hoi (C) sau d6 duoc ngung tu thanh
thanh chat long (D) va tiép tuc di vao bon chung cat (2). Tai day, ta tiép tuc lap lai tién
trinh nhu trinh nhu & bon chung cat (1) va thu dugc hoi (F) va chat long (B). tiép tuc
thuc hién qua trinh nhu trén ¢ bon chung ct (3) va thu dugc hoi (1) va chat long (H).
Luu ¥, & moi bon chung cét ta phai thiét b cung cp nhiét riéng biét. Két qua caa nguyén
mot qua trinh trén cho ta cac san pham day (B), (E) va (H). San pham dinh (1) chua
nhiéu ciu tir dé bay hoi.

Ngoai ra, ta ¢d thé diéu chinh qué trinh trén dé nhan duoc san pham day cé chira
nhiéu cau tir it bay hoi hon bang cach cho san pham day cta bon (2) hdi luu tra vé bon
(1) va san pham day ctia bon (3) tré vé bon (2), ... véi didu kién ta phai khéng ché qué
trinh cung cap nhiét tét, dé c6 thé thu duoc san pham dinh | va san pham day B, mot
céch lién tuc va on dinh. Bén canh do, ta phai diéu khién dé duy tri trang thai can bang
glu’a cac bon nhu ¢ so d6 ban dau. Tuy nhién, qua trinh nhu trén s&€ c6 nhugc diém la
t6n nang luong nhiéu cho viéc cung cap nhiét va hé théng sé& phuc tap va kho ché tao.
Chinh vi thé, ¢ don gian hda hé thong chung cét, ngay nay thap chung cat duoc thiét
ké ché tao nham cai thién cac khuyét diém cua cac hé thong néu trén.

7.2 Thap chung cit Ethanol va nuwéc
Co sé thiét ké thap chung cat

Trong nghién cau nay, cac thuat toan diéu khién duoc dé xuat s& duoc ap dung
trén mo hinh thap chung cat ethanol va nudc tiéu chuan cua Orunnaike va Ray 1983
[45]. Theo d6, co so thiet ké thap dugc trinh bay nhu sau:
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S
héi luu

sén phdm dinh

san pham day

Hinh 7.4 So d6 nguyén ly thap chung ct

Nhur ta da thay & Hinh 7.4, thap chung cat gdm c6 nhiéu tang, & mdi tang c6 nhiéu
dia, mdi dia twong wng vai mdi bon O cac so d6 trén. O day, thap c6 bo phan gia nhiét
dé tao pha hoi véi nguyén tic c4c cau tir pha hoi s& di tir dudi 1én trén qua céc 16 cua
dia, cau ta pha long s& chay tir trén xudng dudi theo cac éng dan, ndng do cua cac cau
tir s& thay doi theo chiéu cao cua thap, nhiét do soi cling thay doi theo twong ung véi su
thay doi nong do.

O dia (1) chat long chia cau tir dé bay hoi c6 ndng d6 (x1), hoi bbc 18n tir dia (1)
c6 nong do can bang véi (x1) 1a (y1), hoi nay qua cac 16 di 1én dia (2) va tiép xdc Voi
chat long dang ton tai & 6. Do nhiét do ¢ dia (2) thap hon dia (1) cho nén mét phan hoi
duoc ngung tu. Do dé, véi ndng do (x2) > (x1), cau tir pha hoi s& tiép tuc bay Ién tir dia
(2) s& c6 ndng do6 can bang véi (x2) la (y2). Qua trinh nay dugc thuc hién mot cach tuan
tu V6i cac dia (3), (4) va (5), cudi cing ta nhan dugc ciu tir pha hoi c6 nong do cao
tuong GNng V4i chiéu cao cua thap.

T6m lai, trén mdi dia s& xay ra qua trinh chuyén khéi giira pha long va pha hoi,
trong do6, phan 16n ciu tir dé bay hoi s& chuyén pha tir long sang hoi va mét sb it cau tir
s& chuyén pha tir hoi sang long. Qua trinh duoc 13p lai nhiéu lan véi s6 lugng dia tuong
tng. Cudi cuing, trén dinh thap ta thu dwoc ciu tir dé bay hoi ¢ ndng do cao va ¢ day
thap ta thu dugc cau tir kho bay hoi & nong d6 cao.

Theo ly thuyét thi mdi dia cua thap 1a mot bac thay doi nong do, thanh phan hoi
di ra khoi dia can bang vai thanh phan chat long di vao dia. Nhu vay, s6 lugng dia cua
thap chung cit s& twong ng vai s 1an thay ddi ndng do. Tuy nhién, trén thuc té, & mdi
dia qua trinh chuyén khdi gitta hai pha thuong rat kho can bang. Qua trinh chung cat
duoc thuc hién & thap chung cit c6 thé 1 lién tuc hoic gian doan.

Hién nay, Déi véi thap chung cat Ethanol va Nudc, ngudi ta chon phwong phap
chung cét lién tuc, cp nhiét gian tiép bang bon gia nhiét ¢ ap suat thuong.

Trong san xuat thuong sir dung rat nhiéu loai thap nhung ching déu c6 mot yéu
cau co ban 1a dién tich bé mit tiép xudc pha phai l16n, diéu ndy phu thudc vao do phan tan
cta luu chit ndy vao luu chét kia.
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Thap chung cat rat phong ph vé kich c& va tng dung, cac thap I6n nhat thuong
duogc tng dung trong céng nghiép loc hoa dau. Kich thudc cua thap: duong kinh thap
va chieu cao thap tuy thudc suat lugng pha long, pha khi cua thép va do tinh khict cua
san pham. Ta khao sat 2 loai thap chung cat thuong dung la thap mam va thap chém.

Théap méam: than thap hinh try, thang dng phia trong c6 gan cac mam c6 cau tao
khac nhau dé chia than thap thanh nhitng doan bang nhau, trén mam pha long va pha
hoi duoc cho tiép xuc véi nhau. Tuy theo cau tao cua dia, ta co:

Théap mam chdép: trén mam bé tri c6 chop dang: tron, xa bap, chir s...

Théap mam xuyén 13: trén mam bd tri cac 15 co duong kinh (3-12) mm

Thép chém: thap hinh try, gom nhicu doan ndi véi nhau bang mat bich hay han.
Vit chém dugc cho vao thap theo mét trong hai phuong phap: xep ngau nhién hay xep
tha ty theo Bang 7.1 dudi cho ta thay su so sanh cua cac loai thap.

Bang 7.1 So sanh uu va nhuoc diém caa céc loai thap

Théap chém Thap mam xuyén 16 Théap mam chép
Uu - Pon gian - Hiéu suit twong ddi cao. - Hiéu suit cao
diém - Trélucthdp |- Hoat dong khé én dinh. - Hoat dong én

- Lam viéc véi chét long ban | dinh

Nhuoc |- Hiéu suat - Tré luc khé cao - Cau tao phic tap
diem thap. 9 - Yéu cdu lip dat khat khe - Tré luc lon.

- Boondinh |- [5p dia that phing - Khong lam viéc

kem. Vi chat long ban.

- Thiét bi

nang.

Nhan xét: Qua viéc phan tich va so sanh nhu trén, phuong an thiét ké Thap mam
xuyén 16 dugc chon dé lam md hinh thyc nghiém.

Thap mam xuyén 15 la trang thai gitra trung gian gitra thap chém va thdp mém
chép. Nén ta chon thap chung cat 1a thap mam xuyén 13.

Nhu véy Chung cat hé thong Ethanol va Nudc ta diing thap mam xuyén 16 hoat
dong lién tuc ¢ ap suat thuorng, cap nhiét gian tiép & dap thap.

7.3 Giéi thiéu so b vé san pham chung cit

Ethanol, hay con dugc goi la ruou etylic, con étylic hozc con .cong nghiép, la chat
long c6 mui déc trung, khong doc, tan nhiéu trong nuéc. Hién nay con cdng nghiép duoc
str dung rat pho bién trén thé gisi dé 1am xang sinh hoc.

Ethanol ¢6 nhiéu tng dung hon Metanol, n6 déng mét vai trd quan trong trong
nén kinh té quéc dan. Day 1a nguyen liéu dung dé san suat hon 150 mat hang khac nhau
va duoc tng dung rong rai trong cac nganh: céng nghiép nang, y té va duoc, qudc phong,
giao thong van tai, dét, ché bién gd va ndng nghiép.

Phuong phéap diéu ché: c6 nhiéu phuong phap diéu ché Ehtanol: hydrat hoa
Etylen véi xuc tac H2SO4; thuy phan dan xuat halogen va ester cua etanol khi dun nong
V&1 nudc XUc tac dung dich bazo; hydro hoa aldyhyt acétic; tir cAc hop chat co kim...
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Trong cdng nghiép, diéu ché Ethanol bang phuong phap 1én men tir ngudn tinh
bot va ri duong. Nhitng nim gan day, & nudc ta cdng nghé san suat Ethanol chi yéu 1a
sir dung chung nAm men Saccharomyses cerevisiae dé 1én men tinh bot.

Nuwéc: Trong diéu kién binh thuong: nuéc 1a chat long khéng mau, khéng mui,

khong vi nhung khéi nude day s& c6 mau xanh nhat.

Nudc 1a hop chét chiém phan 16n trén trai dat (3/4 dién tich trai dat 1a nude bién)
va rat can thiét cho sy song. Nudc la dung moi phén cuc manh, c¢6 kha nang hoa tan
nhiéu chat va la dung mai rat quan trong trong k¥ thuat hoa hoc.

7.4. Quy trinh chwng cat Ethanol va Nwéc

1
I
|
I
I

2

%

—
o

o] = R4

;: j”‘
N v
7
e oae = oae o ot o
.
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r
e

Thilt bimgumg oyhei

Thimg chis chis xin phim dab

FC Cim idabes oy
1C 25 &6 muic

N ey

TC. &5 do shif 22
u.. sabidy ddulhis
Fdngasiie

Hinh 7. 5 Luu dd mé hinh thiét ké hé thong thap chung cét Ethanol va nuéc

Giai thich luu do:

1- Bon chira nguyén liéu.

2- Bon nguyén li¢u

3- Van luu luong dau vao

4- Cam bién luu luong dau vao
5- Van sa san pham diy

6- Cam bién muc dudi

7- Cam bién muc trén

8- Cam bién nhiét 46 day thap

9- Pién tré dun nguyén lidu dau vao
10- Dién tré dun néng diy thap

T

Thing chia vim phim &y
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11- Cam bién nhiét do dau vao

12- Bon chtra hdn hop nguyén lidu trong qué trinh chung cat
13- Cam bién ap sut

14- Tang cua thap chung cit 1, 2, 3, 4, 5.
15- Van mo nguyén liéu dau vao thap V1, V2, V3, V4, V5.
16- Mam xuyén 16

17- Cam bién nhiét do dinh thap

18- Thiét bi ngung tu

19- Van mo nudc lam mat

20- Bon phan dong san pham

21- Bom nudc lam mat

22- Cam bién mirc san pham

23-  Van mo san pham dinh

24- Bon chtra san pham dinh

25- Bon chtra san pham day

26- Bom hoan luu

27- Dién trd hoan luu

28-  Cam bién nhiét d6 hoan luu

29-  Cam bién luu lugng hoan luu

30- Van luu lugng hoan luu

31- Van mé nguyén li¢u hoan luu

Nguyén ly hoat dong cia thap chung cat.

Hdn hop Ethanol va Nudc ban dau c6 ndng do cua Ethanol khoang 10% duoc
dua vao bdn chira nhién liéu (1), trong bon chira cé thiét bi gia nhiét hdn hop 1én nhiét
d6 75°C. Theo d6, hdn hop dugc bom qua thiét bi gia nhiét (9) dun dén nhiét d6 99°C
va duoc cap vao thap théng qua van (V1), hdn hop dugc chiée tach thong qua cac mam
xuyén 15 (16), Ethanol dugc bay Ién dinh thap dén thiét bi ngung tu (18), trudc do thiét
bi nom nude 1an nguoi da duoc bat ON, ké tiép Ethanol dugc thu hdi vé thung T2 (20)
dé klem tra ndng d6 thong qua thiét bi kiém tra (22). Néu san pham dat nong do theo
yéu cau thi van (23) mé ché dd ON dé san pham vé Thung (24), néu san phdm chua dat
thi bom (26) hoat dong dé bom san pham vao thiét bi gia nhiét (27) 1én 99°C thong qua
van (30,31) vao thap. San pham c6 nong d6 thap sé& lan luoc chay xubng c4C mam xuyén
16 dé vé bon T2 cho dén khi san pham ddy dat mirc thap nhat (6) thi thiét bi gia nhiét
trong bon nung ddy thap (10) duoc nung 1én 99°C thdng qua cam bién nhiét (8). Trong
thap hoi, di tir du6i 1én gip chét long di tir trén xudng. O day, co sy tiép Xuc va trao d6i
gilta hai pha v6i nhau. Pha long chuyén dong trong phan chung cang xudng duoi cang
giam ndng d6 cac ciu tir d& bay hoi vi di bj pha hoi tao nén tur ndi dun 161 cubn ciu tir
dé bay hoi, nén khi hoi di qua cac dia tir dué6i 1én thi ciu tir c6 nhiét d6 s6i cao 1a nuée
s& ngung tu lai, cudi cing trén dinh thap ta thu duoc hdn hop co Ethanol ¢ ndng do
cao. Hoi nay di vao thiét bi lam lanh va duoc ngung tu tai dng ngung tu. Mot phan chat
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16ng sé& ra bon chira san pham dinh. Mot phan cta chat 1ong ngung tu dugc hoan luu vé
thap ¢ dia trén cung thong qua b gia nhiét hoan luu. Mot phan ciu tir ciu tr ¢6 nhiét
do6 soi thap dugc bdc hoi, con lai cau tir co nhiét do sdi cao trong chét long ngay cang
tang va chay xubng day. Cudi cung, ¢ day thap thu dugc hdn hop 16ng hau hét 1a cac
cau tir kho bay hoi (Nuéc). Khi Hon hop 16ng & day thap 1én muc (7) thi duoc van (5)
m& len ON dé xa vao bdn chira san pham day (25). Qua trinh trén duoc hé thong 1am
viéc lién tuc cho ra san pham dinh 1a Ethanol, san pham day l1a nudc.

7.5. Mét s6 hinh anh thiét ké phan co khi ciia thap chung cat

7.5.1 Thiét ké thiing nguyén ligu

General Summary Project Status Custom Save Physcal

Solds

The Part Update
Mok Gipboxrd
Stainless Steel v
Density Requested Accuracy
[ soo0gin3] [low v
General Properties

Cmtzof&awty
Mass [80.451kg Relatve] @ X [-0.152mm Relatw|

Area [ 2031751.956 mm~ | ¥ [0.425 mm Relatve|
Volume [ 10056387.312mm/| @8 2 [155.784mm Relat]
Inertial Properties

Global Center of Gravity

Hinh 7.6 M6 hinh 3D cua thiing nguyén liéu dau vao
Ban vé thiét ké 2D dugc thé hién dudi

= -
K @ B

e e

Hinh 7.7 Thiét ké 2D thang nguyén liéu
7.5.2. Tinh dwdng kinh bdn gia nhiét
Thiét ké md hinh 3D duoc thé hién & Hinh 7.8
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I bdngianhietiam iProperties

General Summary Project Status Custom Save Physical

Material
Update
Density Requested Acauracy Clipboard
C 1.363 g/om~3 | [Low v
General Properties
[Oindude Cosmetic Welds [Oindude QTY Overrides

Center of Gravity
Mass [93.810kg Relatve] B8 X [797.177mm Relat]

Area [ 2625725.588 mm | v [ 435.198 mm (Relat|

Volume [63820026.067mm| @8 2 [-642.778 mm (Rela]

Inertal Properties
Gobal Center of Gravity
Principal Moments
11 [48739426.5901 12 151645099381 13 | 104460810.523]
D

Hinh 7.8 Mé hinh 3D bén gia nhiét
Ban vé thé hién & Hinh 7.9

Hinh 7.9 Ban vé thiét ké 2D bon gia nhiét
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7.5.3 Thiét ké thap chung cit
7.5.4 Chiéu cao ciia thap chung cat

A—= A-A(1:4)
i

Hinh 7.10 M6 hinh thiét ké thap chung cat
7.5.5 Kich va thiét ké khung
Ban v& kich thudc khung dugc thé hién duéi Hinh 7.11.

% 8
ﬂt YEU CAU KY THUAT

1. Khung dugc 13m bing thép khdng ri
kich thudc 30:30.
2. Khung dugc han bing phuong phap
hé quang. [
I—‘—}—',‘_" Eorer KHUNG

Hinh 7.11 Thiét ké khung

7.5.6 Tinh toan thiét ké mam 16
CAu tao mam 16 duoc thé hién & Hinh 7.12
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OO0O000O0O0
O00OO0OO0O0O0O0
OO0O0000O0

60

N

CHI TIET B
TL: 4:1
. p

Hinh 7.12 C4u tao mam I8
Ban v& mit bich va dng ndi dugc thé hién dudi Hinh 7.13:

A AA(1:2)

[T

Hinh 7.13 Mat bich va éng néi
7.5.7 Tinh toan thiét bi ngung tu
7.5.8 Binh dwng san pham ngung tu
Binh duoc thiét ké nhu Hinh 7.14:

I chungcatiam iProperties

General Summary Project Status Custom Save Physical
Material

Update
Density Requested Accuracy
1015 g/am"3 | [Low

General Properties

[Oindude Cosmetic Welds

Cipboard

v

[Jinclude QTY Overrides
Center of Gravity
Mass [66.585kg Relatve| @8 X [ 569.842mm (Relat]

Area [ 1479177.95 mm~ ¥ [302.397 mm Relat]|

Voume [65603824.023mm-| Bz [-1014.706 mm Ret|

Inertial Properties

Gl

Center of Gravity
Princpal Moments

11 [1766613.802k] 12 [104607595.64| 13 [ 103565356.37¢]

Hinh 7.14 Thiét ké binh ngung tu
7.5.9 Mb hinh thiét ké 3D

Quy trinh Iap rap va tach thuc hién bang phan mém vé 3D Inventor ¢ Hinh 7.15
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— 8
" Lin \

’ "
(A= A

.
1 ¢

¢ i
= b

L A0 A

dw (dw

- -
v,
G P

Hinh 7.15 Mé hinh thiét ké 3D thap chung cat
7.6 Mgt s6 cum chi tiét mé hinh thwc nghiém

Hinh 7.16 Bdn chira nguyén liu Hinh 7.17 Bon chira nguyén liéu
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Hinh 7.18 Bdng hd do luu lwong nap Hinh 7.19 Van tuyén tinh nap liéu
liéu

y A ‘ A

Hinh 7.22 Cam bién muc Hinh 7.23 Van nap — x4 liéu
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Hinh 7.28 Thiét bj ngung tu
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NUAL FOR ELECTRICAL RATINGS |}

PUTION: INSTALL COVER PRIOR TO USE

Hinh 7.31 Card giao tiép

NATIONAL
"7INSTRUMENTS

ANALOG/,

Hinh 7.32 Théong s6 Card giao tiép
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Céc thiét bi trén duoc lap rap theo ding thiét ké va thé hién & Hinh 7.33

Hinh 7.33 Thap chung cat Hinh 7.34 Hé thng diéu khién trung tam
7.7 Ung dung thuc nghiém
7.7.1 Ung dung bd phan ly don gian hoa cho thap chung cat

Duya vao thuat toan da thiét ké nhu d trinh bay & trén. DI voi thap chung cét,
thong so thuc cia bo phan ly don gian hoa dugc s dung nhu sau:

B -1.437s T
1 0'7278((1270';;;: +11))e 0.0048¢ 0203
. +
D(s) = 0.352¢ %1% 1 -0.0028
23.238(18.29s +1)e "% _26.457(4.128s +1)e >+ n
(17.271s +1) (14.521s +1) |

Bo diéu khién duoc st dung c6 théng sé nhu sau:

Gc1(5)=0-34(1+ ! +0.3255j 5.96s +1
1.04s 0.23s° +0.403s +1
G, (s)=-0.089 141 103755 ‘;-83“1
1.2s 0.3s% +0.44s+1
Gcs(s):0-287[1+i+0.1253j 3;O4S+1
0.4s 0.035s° +0.162s +1

Két qua thuc nghiém bg phdan Iy don gian héa cho thdp chung cat:
Theo dir liéu tir thuc nghiém (phu luc 1), ta ¢d thé xac dinh mdi quan hé nhiét d6
cua thap vai thoi gian theo Hinh 7.35.
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-
N
=1

-
@ @ o
(=] =] =]

Temperature [C]

'S
(=]

L 1 1 | 1 1 | | 1 | 1 | | 1

3
=)

10 20 30 40 50 60 70 80 90
Time [min]

100 110 120 130 140 150 160 170 180

Hinh 7.35 DBap tng nhiét do theo thai gian cua thap chung cat

Theo do thi trénTa thy rang mé hinh thap chung cat da théa man yéu cau thiét
ban dau, hé thong diéu khién phan ly don gian hoa hoat dong 6n dinh.

, Ta ciing thay rang 4p suat it co su anh hudng dén nhiét 6 cua qua trinh chung
cat nhu Hinh 7.36

0.14

0.121-

01

ap suat

0.04-

0.02

0

0.08-

0.06-

", ™ A =

0

I 1 | | | 1 !
100 200 300 400 500 600 700 800 900
Time [min]

1000

Hinh 7.36 Pap ung &p suat theo thoi gian cua thap chung cat

7.7.2 Ung dung cho hé bon nuéc
Gidi thigu phan citng md hinh

Hg gom hai bon nuéc thang nhau, mdi bon cé mot dong vao véi luu lugng dugc
diéu khién thong qua may bom. Hai bién tan Yaskawa dugc st dung dé diéu khién toc
d6 cua may bom. Moi bon sir dung mot cam bién dién dung dé do mirc. M6 hinh dugc
diéu khien bang Matlab sir dung Real Time Workshop véi su ho tro ctia card PCI 6052E
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Hinh 7.37 Mé hinh thyc nghiém bon nuéc doi
Luu dd nguyén Iy hoat dong bon nude duoc thé hién ¢ Hinh 7.38.

A\ 0-10V 0-10V 4
@) (e

| S
x1 £ x2
o

h1

0-45 em

VA 0220
VA OZZ0

Hinh 7.38 Luu d6 nguyén ly hoat d6ng bon nudc
M6 hinh héa hé bon nuwde déi
Str dung tin hiéu vao chuan cua cong cu nhan dang (ldent toolbox) cua Matlab,
1000 cap dir liéu vao-ra caa ca hai bon dugc lay mau va dua vao nhan dang. Sau nhiéu

budéc lya chon cau trac mo hinh va danh gid, cudi ciing da nhan dugc két qua thich hop
nhat.

Measured and simulated model output

Best Fits
4 |P2D: 97.04

Time
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Hinh 7.39 Két qua nhan dang md hinh hé bon nuéc
Ma tran ham truyén nhan dang duoc nhu sau:

11.20¢ 0% 0.92¢%
&) {gn gu} (160.99s+1)(0.425+1) (183.335+1)(6.735+1)
S)= =
92 92 0.39¢ 18 10.84¢ 7068

(140.45+1)(5.125+1)  (40.055+1)(0.325+1)

Pé don gian trong viéc tinh toan bg phén ly cling nhu t‘hiét ké b(f),diéu kh[én turong
ung. Tac gia su dung k¥ thuat xap xi Padé 1/1 cho ham truyen G(s), két qua xap xi
11.20e—0.835 Ol92e—5.1855
Oy 912} 161.25+1 186.7s+1
O, O 0.39e***  10.84e %%
142.96s+1 40.21s+1
St dung ky thuét phéan ly don gian hda véi cac phuong trinh tr 2.17 dén 2.22 ta
cé cac két qua sau:
Céc phan tir cia ma tran phan ly:

L _ 0y 0036(4021s+1)
*7 g,  (142.965+1)

G(s):{

d = %2 __ 0.082(161.25+1) 43555
o (186.75+1)

Céc phan tir ciia qua trinh sau khi bi phan ly c6 ham truyén nhu sau:

0.92e 7318 (.39 ™44

X
0,9, 11.20e708% (186.75 +1) (142.965 +1)
O; =09~ = —

0, (161.2s+1) 10.84e °%
(40.215+1)
g = 0,0, 11.20e°%  0.033(40.21s+1)e ™™
Ty, T (16125+1) (186.75+1)(142.965+1)
0.92¢ 5185 . 0.39e 4415
- 912921 _ 10.847°%* (186.78 +l) (142.968 +1)
Oz = 92 Oy (40.21s+1) 112670
(161.25 +1)
10.84e°%  0.032(161.2s5+1)e "%
=0 =0x— 91292 _ _ ( )

0,  (40.215+1) (186.75+1)(142.965+1)

Duya vao cac cong thuc tinh todn b diéu khién (4.22) dén (4.31) ta tinh duoc
cac théng so cua bo dieu khién PID cho hai thanh phan duong chéo cia ma tran sau khi
dugc phan ly nhu sau:
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K, =5.422 K., =2.078
7,,=5.533 7,,=3.247
75, =0.0085 75, =0.0164
Str dung két qua tinh toan dugc ta mé phong kiém ching trén Matlab:

25
o /
10
o
o 10 20 30 40 50 60 70 80 20 100

Hinh 7.41 Dap tng md phong caa bon 2

Két qud thyc thi trén mo hinh thdt
Dap tmg dau ra cua hé thong nhu sau:

35

o 10 20 30 40 50 60 70 80 0 100

Hinh 7.42 Dap tng khi chay trén mé hinh that caa bon 1
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o

o 10 20 30 40 50 60 70 80 90 100

o 10 20 30 40 50 60 70 80 20 100

o 10 20 30 40 50 60 70 80 90 100

Hinh 7.45 Tin hiéu diéu khién cua bon 2
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Chuong 8: KET LUAN
|. KET LUAN
Thiét ké bo phan ly don gian hoa
Dé xuét duoc cac phuong phap thiét ké PID da bién
Ché tao duoc md hinh thuc nghiém
‘ Két qua mo phong da thé hién dugc hiéu qua cua phuong phap dé xuat khi dap
ng dau ra nhanh, can bang va hau nhu loai b6 cac anh huong cua nhicu va cac tac dong
bén trong cua cac vong kin. Chinh vi the, chat lugng cua hé thong da bicn da cai thién
dang ké khi gié tri IAE caa hé thong d¢ xuat ludn nho hon rat nhiéu so vai cdc hé thong
khac.
qKét qua thyc nghiém trén mo hinh thap chung cat ty ché tao, bo diéu khién hoat
dong on dinh va dap ung dugc cac ti€u chi dé ra.
~Ngoai ra bg diéu khién con duoc thuc hién trén hé thong bon nuée doi, bo dieu
khién phan ly don gian hoa hoat dong hiéu qua vai cac tin hi¢u dicu khién 6n dinh.
I1.LKIEN NGHI
, Dua b diéu khién dé xuat vao hé théng chung cét cong nghiép ciing nhu chung
cat nudc cat tinh khuyét va chung cat c&c lai nwde huong nhu: Herong Budi, huong
Chanh, huong Tdo, huwong Drra...
Kiém nghiém lai cac théng sé bo diéu khién phan ly cho ting hé théng chung

A

cat.

Pua b diéu khién vao chuong trinh giang day dé phuc vu cuc cach mang cong
nghiép 4.0 cta dang va nha nudc deé ra.
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