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ABSTRACT

This study presents a method for parametric model identification of the Gunt-
Hamburg RT020 fluid flow control system without concerning on its physical
structure which is inherently difficult. From the mathematical model, it is easy
to simulate and tune the controller, without the need of applying on the real
system, in order to save time, energy and equipment attrition. From collected
input-output data, the mathematical model is identified using MATLAB. The
results showed that identified model fits above 80% in comparison with the real
system, in both cases of testing on the open-loop system and the closed-loop
PID control system.

TOM TAT

Bai bdo gidi thi¢u cdach nhdn dang tham $6 mé hinh todn cua hé on dinh luu
liwong chat long RT020 ciia hiing Gunt-Hamburg ma khéng can biét ré cdu triic
vdt Iy cua no, la viéc lam von di khé khan. Tir mé hinh todn nhén dang duoc, ta
6 thé mé phong dé hiéu chinh bé diéu khién mét cach dé dang, ma khéng can
dp dung ngay trén hé thong thiec, nham tiét kiém thoi gian, nang lwong va hao
mon thiét bi. Tir dit liéu vao-ra thu thap dwoc, mé hinh hé théng duoc nhan
dang bang phan mém MATLAB. Két qua cho thay mé hinh todn nhdn dang dwoc
c6 do khép trén 80% so véi hé thuc, trong cd hai trieong hop treong hop kiém
nghiém trén hé vong ho va hé diéu khién PID vong kin.

1 GIOI THIEU

manh mé cua mdy tinh, vi¢c xady dung mo hinh

Trong diéu khién c¢6 dién va diéu khién hién
dai, goi chung 1a ky thuat diéu khién, thong
thuong dé kiém soat hé thdng nguoi thiét ké cén
biét mo6 hinh todn cia dbi tugng didu khién
(Ogata, 2009; Nguyén Thi Phuong Ha va Huynh
Thai Hoang, 2005). M6 hinh toan trd nén can thiét
dé thir nghiém, kiém tra, mé phong khi viéc thu
nghiém trén hé thuc té gap kho khan hoac khong
thé 4p dung dugc. Thong qua md phong, ta cb thé
du bao, phat hién 13i ctia hé thong va c6 cach diéu
khién phu hop. Dé xay dung duoc md hinh toan
cua hé théng, ta c6 thé dua vao céc quy luat vat ly
chi phdi hoat dong cia hé (Ljung, 1999), tuy
nhién, khong phai hé nao ciing c6 thé biét & céu
trac dé c6 thé mé hinh hoa dé dang. Véi sy hd trg
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toan cua mot hé théng co duq vao dir li§u vao -
ra quan sat dugc ma khong can phai biét rd cau
triic vat Iy cua no6 (Ljung, 1999; The MathWorks,
2012).

RT020 la thiét bi hd tro thiét ké hé diéu khién
6n dinh luu luong chit 1ong dugc phat trién, dong
g6i phan mém va thuong mai san pham boi hing
Gunt-Hamburg, Pic (GUNT Gerdtebau GmbH,
2012). RT020 vdn chi cho phép thiét 1ap bo diéu
khién PID kinh dién trén phan mém tich hop cia
Gunt-Hamburg. Trong dé tai nghién ctru khoa hoc
cip co s ma sé T2011-19, nhom nghién ctru da
phat trién cong cu giao tiép CTU RTOx0 giita
MATLAB/Simulink va thiét bi RT020 (Nguyén
Chi Ngon, 2011), lam cho viéc thu thap dir li¢u



Tap chi Khoa hoc Truong Pai hoc Cén Tho

vao-ra cia hé dugc thuc hién dé dang trén
MATLAB. Tu tdp dir liéu nay, mé hinh toan
hoc cua thiét bi RT020 s& dwoc nhan dang va
kiém nghiém.

Bai bao nay nhim muc tiéu nhan dang mo hinh
OE (output error model) cua thiét bi diéu khién
luu lugng chat long RT020 trén MATLAB, tir dit
liéu vao-ra ciia n6. Mo hinh két qua s€ duoc so
sanh véi thiét bi thuc trong ché d6 kiém soat vong
h¢ va diéu khién PID vong kin.

2 PHUONG PHAP NGHIEN CUU
2.1 Phwong tién nghién ctru
Thiét bi duoc nhan dang 1a hé diéu khién on
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dinh luu lugng chit 1ong RT020 cua hing Gunt-
Hamburg, Btc (RT020 Flow Control Unit,
GUNT Gerétebau GmbH, 2012), Hinh 1. HE nay
gdm ¢ 2 ngd vao va 1 ngd ra. Ngé vao Z=100% -
P v6i P € [0-100%] 1a cong sudt may bom nudc
vao dng dan, dé gia lap nhiu cua tac dong vao hé
thong Ngé vao Y € [0-100%] la cong sudt van
diéu tiét luu lugng trong 6ng kiém soat (tin hiéu
dién khién). Va ngd ra X € [0- 1601/h] 1a luu
lwong nudce thuc té trong dng kiém soat (dap tmg
cua hé thong). M6 hinh toan cua hé RT020 duoc
nhan dang dua trén phin mém MATLAB (The
Math-Works, Inc, 2012).

PID I

Hinh 1: Hé 6n dinh luu lwgng RT020

2.2 Phuong phap nhin dang
2.2.1 Nguyén tdc thu thip dir liéu

Do RT020 12 mdt hé 2 ngd vao mot ngd ra
MISO (multi-input-signle-output), vdi cac ngd
vao 1a 'Y, Z va ngo ra la X cua h¢, viéc nhan dang
hé thng c6 thé phén tich theo nguyén 1y chong
chat (Hinh 2). Pép tng tong thé cua hé thng 1a
tong cac dap tng thanh phan khi tin hiéu vao tac
dong riéng 1¢ (Duong Tir Cudng, 2001). Dé khao
sat tac dong cua ngd vao nay, ta cd dinh ngd vao
kia ¢ gia tri t6i da cta no va nguoc lai. Nhiém
vu dat ra 1a nhan dang mo6 hinh G;(s) va G:(s)
trén Hinh 2, thoéng qua vi¢c thu thap dir ligu
trong khoang 3000 gidy, véi chu ky ldy mau
Ts=0.5giay.

X
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Hinh 2: Céu tric mé hinh dbi twgng RT020
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2.2.2 Cdu triic mé hinh

M6 hinh OE (Output-Error model) c6 dang
(Ljung, 1999):

W(1)= %u(z—nkﬁem W)

Trong d6, u(z) va y(t) lan luot 1a tin hiéu ngd
vao va ngd ra vong hé cua dbi tuong; e(?) 1a sai sd
cua mé hinh; B(g) va F(q) tuong ng la cac da
thirc tir s6 va miu sé cia mo hinh. Cac hé sé cua
mo hinh duge udce tinh bing phuong phap héi qui
tuyén tinh. Tuong tmg véi két qua tra vé 1a gia tri
céc hé sb nb, nf va nk cia md hinh nhan dang. Véi
nb, nf'1a bac cua da thic B(g), F(q) va nk 1a s6
mau tré cta tin hiéu ngd vao. Ngo ra tai thoi diém
¢ phu thudc vao mot s6 hiru han cac mau ngd vao
va ngd ra trong qua khir (Ljung, 1999). O day,
toan tir ¢ dugc dinh nghia la:

g lu(t)=u(t-1)
qu(t)=u(t+1)

2



Tap chi Khoa hoc Truong Pai hoc Cén Tho

va cac da thirc cia mé hinh dugc mé ta nhu (3)
va (4).

B(g)=b;+by g +..4b,q (3)

Fl@=1+f1q" +..+ frrq™ @)

Theo mé hinh OE thi ham truyén hé thong s&
la (The MathWorks, 2012):

Y(s)= N(SjU(ﬁE(s)

-nb+1

©)
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Trong 46, Y(s), U(s) va E(s) 1a bién dbi
Laplace cia ngd vao u(t) ngo ra y() va sai ) e(t)
tuong mg. Cac Hé s6 N(s) va D(s) 1a cac tr sO va
méu s6 cua ham truyén ciia mé hinh déi twong.

2.2.3 Gidai thudt nhan dang

Giai thuat ph@n dang dugc thuc hién theo
plnr(mg phép hoi qui tuyén tinh, da dugc tich hop
san trong phan mém MATLAB. Viéc sir dung giai
thuat kha dé dang béi doan ma 1€nh sau:

1)7

/1 2)
out=output(:,2);
dt=iddata (out,in,0.5) ;
dt=dtrend(dt,0) ;

t=input(:
in=input (:

oo oo oo

nb=1; nf=1,; nk=1;

md=oe (dt, [nb, nf, nk]) %
mc=dZ2c (md)

figure, compare (dt, mc) %

véc-to thoi gian
véc-to di 1iéu vao
véc-to dd 1iéu ra

1énh nhédn dang mé hinh

so sdnh két qua nhdn dang

2.2.4 Nhan dang mé hinh G(s) giita ngo vao Y
va ngé ra X ciia doi tiwong
Ngd vao Y la cong sudt van diéu tiét luu luong
chat 1ong trong dng kiém soat, co gia tri trong [0-
100%)]. Dit liéu dung dé nhan dang ham truyén
G(s) theo mo hinh OE duoc trinh bay trén Hinh

Trong do, gi»é tri cia cac thong s6 A, B, C cla
Gi(s) dugc thé hién & Bang 1, voi d6 khép
94.91% & gia tri trung binh (Hinh 6).

Bang 1: Cac hé s6 ciia Gi(s)

A Giatritdi Giatritrung  Gia tri toi
Hé so

3. Ap dung cong cu nhan dang mé hinh OE cua da binh thiéu
MATLAB ta thu dugc: A 039 0.31 0.12
T B 1.50 1.30 0.80
A C 0.23 0.20 0.19
Gi(s)= (6)
B(s)+C
Cu liew vaora cua he thong
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Hinh 3: Dir liéu vao-ra ciia h¢ théng

14



Tap chi Khoa hoc Truong Pai hoc Cén Tho Phén A: Khoa hoc Tu nhién, Cong nghé va Moi truong: 27 (2013): 12-17

2.2.5 Xdc dinh mé hinh G2(s) gitta ngo vao X va Trong d6, gia tri cua cac hé sé K, L, M cua
ngo ra X cua doi twong G(s) dugc xac dinh trong Bang 2, véi cac hé so
Ngd vao Z 1a cong sudt may bom nudc, c6 gia trung binh ¢6 d6 khop 81.34% (Hinh 7).
tri trong [0-100%]. D@ liéu dung d€ nhédn dang Béng 2: Cic hé sé ciia G2(2)

ham truyén Go(s) theo mo hinh OF dugc trinh by = """ Gig tri 5 Gia tri rung G tr 51
trén Ijhnh 4. Ap dung cong cu nhan dang mé hinh €50 da binh thidu
K L 0.80 0.40 0.30
Gy(s)=—— 7 M 0.22 0.20 0.17
L(s)+ M
Cu liew vao-ra cua he thong
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Hinh 4: Dix liéu vao-ra ciia hé thong
2.3 M5 hinh tong hop suat may bom, 1 ngd ra X 14 luu lugng chat long

can lgiém soat. M6 hinh nhan dang (juqc kjém tra
lai be'mg viéc ap dung k¥ thuat diéu khién PID
kinh dién theo cau tric Hinh 5.

’Tc”v)ng hop Gi(s) va Ga(s) theo nguyén ly chdng
chat ta dugc md hinh cua h¢ thong c6 2 ngd vao
Y, Z tuong ing v6i cong suat van dicu ti€t va cong
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Hinh 5: Kiém nghiém mé hinh dwoc nhan dang véi b diéu khién PID
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3 KET QUA VA THAO LUAN

Mb hinh nhan dang dugc tong hop va kiém tra
lai v6i dit liéu ngdu nhién twong mg cho ting
ngd vao va so sanh dir li¢u ngd ra cia mo hinh
toan va cua thiét bi dé kiém chimg d6 chinh xac
cua md hinh.

Véi cong suit van tiét luu Y duoc dat tir 15-
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60%, két qua kiém tra d6 khdp ciia mo hinh nhan
dang so vdi thiét bi RT020 dat 94.91% (Hinh 6).
Tuy tai thoi diém bat ddu didu khién ngd ra cua
md hinh ¢6 tré so véi ngd ra hé théng nhung dap
g sau d6 bam rét tot. Pap tng ciia md hinh véi
thoi gian tang, thoi gian xac 1ap phu hop véi hé
thdng thuc; sai sd trung binh ctia ngd ra hé théng
so v&i ngd ra mo hinh 1a 2.37 1/h.
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Hinh 6: P9 khép giira mé hinh toan va thiét bi khi thay ddi ngé vao Y

Tuong tu, két qua kiém tra d6 khép dat
81.34% g vdi ngd vao Z théa min yéu ciu cua
bai toan nhan dang. Khi ngd vao Z dugc dit tu
75-83%, gi4 tri ngd ra X bién thién twong tng tir
80-1201/h, x4c dinh d6 khop giltra dap ung cua md

hinh va thiét bi trén Hinh 7. Pap tmg cuia md hinh
ciing c¢6 khoang tré nhu mé hinh ngd vao Y, song
bam tdt theo hé thdng véi thoi gian ting, thoi gian
xac 1ap phu hop. Sai s6 trung binh ciia ngd ra hé
thdng so v6i ngd ra md hinh 1a 3.06 1/h.
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Hinh 7: P9 khép gitra mé hinh to4n va thiét bi khi thay ddi ngd vao Z
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Kiém tra mo6 hinh nhin dang bang cach diéu
khién PID cho két qua nhu Hinh 8. Bang cach
diéu khién mo6 hinh nhan dang véi tin hiéu tham
khao tir 80-1201/h, két qua cho thiy dap ung cia
md hinh nhan dang bam t6t voi dap Gmg cua thiét
bi. M6 hinh toan nhan dang dugc st dung dé diéu
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chinh tham s ciia b didu khién PID théng qua
mo phong va léy b6 tham sé dat duoc ap dung cho
d6i twong that cho thay chat luong diéu khién dat
yéu cau (Hinh 8). Piéu nay chung t6, md hinh
toan dugc nhan dang dap ung duoc yéu ciu mé ta
hanh vi ctia thiét bi that.
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Hinh 8: So sanh diéu khién PID cho mé hinh va thiét bi
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