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ABSTRACT

This paper presents a method of parameters identification for the Gunt-
Hamburg RT010 Liquid Level Control Unit based on a certain mathematical
model of the single tank system. From the identified parameters, we can
establish a computer-based model to reflect the real system. Controllers can be
designed quickly based on the model which aids to reduce time and cost for
tuning the controllers, and avoid damage to equipment. The study used
MATLAB/simulink to conduct data collection, identification and system
simulation. Identified model was tested online with the real system. The
experimental results showed that the data fitting was above 80% and the model
could reflect the behavior of equipment.

TOM TAT

Bai bdo mé ta phirong phdp nhdn dang tham sé mé hinh hé diéu khién muwe chat
long RT010 ciia hing Gunt — Hamburg dira theo phwong trinh todn da biét vé
hé bén don. Tir cdc tham sé nhdn dang dwoc, ta co thé xay dung mét mé hinh
toan trén may tinh nham phan anh hé thé'ng thyc. Viéc xay dung cdac bo diéu
khién cé thé tién hanh nhanh chéng trén mé hinh, givip giam thoi gian, chi phi
thiét ké va tranh he hai dén thiét bi thuc. Nghién ciu nay sw dung phcin mém
MATLAB/Simulink dé tién hanh thu thdp dir liéu, nhdan dang va mé phong hé
théng. M6 hinh két qua dwoc so sanh truc tuyén véi thiét bi thuc. Két qua thyc
nghiém cho thcfy do khop cua div liéu dat dwoc trén 80% va chirng t6 mé hinh
toan da phan anh dwoc hanh vi cua thiét bi thuc.

1 GIOI THIEU

truong hop, khi biét duoc céu tric vat Iy cia hé

Qué trinh xdy dung mé hinh toan dya truc tiép
vao dir liéu thyc nghiém dugc goi 1a nhan dang hé
théng, tin hiéu vao-ra tir hé théng duogc ghi lai va
phan tich dé dwa ra mot mo hinh (Ljung, 1999).
Mo hinh nhan dang phu thudc vao viéc chon bac
cla cac da thirc di véi mé hinh ham truyén dat,
hay s6 chidu ciia cac ma tran trang thai dbi véi mo
hinh phwong trinh trang thai. Nhu vay, néu nguoi
sir dung hoan toan khong c6 thong tin vé doi
tuong nhéan dang, thuong goi 1a hop den, thi viéc
nhan dang rat kho khan dan dén két qua nhan
dang chira cac sai s6 do nhiéu nguyén nhan khac
nhau (Trdn Dinh Qudc Khéi, 2010). Trong mét sb
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thdng va co6 thé biéu dién chung bang cac phuong
trinh toan v6i cac tham s chua biét, mé hinh hop
xam, ta co thé st dung Toolbox nhan dang h¢
thong cia MATLAB dé tim cac tham s6 con lai.
Diéu nay thyc su hiru ich khi ta di biét duoc quan
hé gilra cac bién, gi6i han hanh vi cia mé hinh
(The Mathworks, Inc., 2012).

Bai bao nay thuc hién nhan dang tham sb cla
mé hinh hé 6n dinh muc chét long RTO10 cua
hang Gunt-Hamburg trén MATLAB, dua vao
phuong trinh toan hé bdn don va dit liéu vao-ra
cuia no, sao cho sai léch giita ngd ra mo6 hinh va
ngd ra hé théng 1a nho nhét. Két qud mo hinh
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nhén dang s€ dugc so sanh vdi thiét bi thuc trong
ché do6 diéu khién vong hé va didu khién PID kinh
dién. Viéc xdy dung mo hinh toan cho hé RT010
gitip cho qué trinh trién khai thyc tap thiét ké cac
hé diéu khién cta sinh vién dugc trién khai trude
trén may tinh, nham giam thiéu thoi gian, chi phi
va hao mon thiét bi ctia phong thi nghiém.

2 PHUONG TIEN VA PHUONG PHAP
2.1 Phuong tién nghién ciru

Qua trinh nhan dang hé théng va kiém
nghiém moé hinh dugc thuc hién trén phan mém

Hinh 1: H¢ diéu khién mirc
nuwoc RT020

a) Hé diéu khiéq muc chdt long
RT010, b) So do khoi hé RT010

-
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MATLAB/Simulink (The MathWorks, Inc.,
2012). Thiét bi dugc nhan dang 1a hé didu khién
muc chit 1ong RTO10 ciia hing Gunt-Hamburg,
buc (G.UN.T Geritebau GmbH, 2011), Hinh 1a.
Hé nay gdm cé 2 ngd vao va modt ngd ra nhu
sau: ngd vao Y (0-100%) 1a cong suit may bom
chat 16ng tir bdn chira 1én bon kiém soat, ngd vao
Z (0-100%) la cong suat valve xa ty do, c6 thé
dung dé gia lap nhiéu tac dong vao hé thong va
ngd ra X (0-18cm) 1a chiu cao cot nudc trong
bon kiém soat duoc gidi han boi mot 6ng X4 tran,
nhu Hinh 1b.

| I_G

X ¢d -

a)
2.2 Phuong phap nhin dang

2.2.1 Tim hiéu phwong trinh todn hé bon don

Hé diéu khién muc chat long RT010 thyuc chét
12 m6 hinh hé bon don c6 so d6 khdi nhu Hinh 2.
Nudc chay vao bon tir trén xudng va chay ra khoi
bon thong qua mot 6ng xa dudi day bon. Luu
lwong nudc vao bon ti 18 thuan véi dién ap V vao
may bom. Luu lugng nudc ra ti 1€ thudn vai can
bac 2 chiéu cao H cua ¢t nudc trong bon (The
MathWorks, Inc., 2010).

Su thay ddi thé tich nuéc trong bdn & mot thoi
diém phuy thudc vao lvu lugng nude vao va luu
luong nude ra khoi bon & thoi diem do, xem (1).

iVol—Ad—H:q -q,=bV - aNH
dt dt 1
dH _ b
V——\/_
dt A
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bV

Hinh 2: Mé hinh hé bdn don

Trong d6, Vol (m?) 1a thé tich nudc trong bon;
A (m?) 1a tiét dién ngang cta bon; H (m) 1a chiéu
cao cOt nudc; g; (m’/s) 1a luu lugng nude vao bon;
go (m’/s) 1a luu lugng nudc ra khoi bf)n |4
(Voltage) 1a dién ap vao bom; b la hang sb lién
quan dén luu lwong nudc vao bon; a 1a hang sb
lién quan dén luu lugng nude ra khoi bon.
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Déi véi hé RTO10 thi dién ap V ti 1€ thuan véi
ngd vao cong suit may bom Y (%), luu luong
nudc ra ti 16 thuan véi tiét dién valve xa dugc didu
khién boi ngd vao cong suét valve xa Z (%) va
chidu cao H 12 ng ra chiéu cao myc nude X (cm).
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Ta c6 phuong trinh téng quat ciia hé RT010
nhu (2) va md hinh Simulink cia h¢ RT010 duge
thé hién trén Hinh 3.

‘2—): =Yb-ZaJX @)

Y*o
>l>
X ¥

Product1
Product2

L0

Z°9°sqrt(X)

Integrator

sqrt |«

Square
Root

Hinh 3: Mé hinh hé diéu khién myc chit 16ng RT010

Nhu vay, dé nhin dang hé¢ RT010 ta phai xac
dinh cac tham s0 a, b trong phuong trinh (2).

2.2.2 Mo hinh nhdn dang

H¢ RTO010 dugc nhan dang dua theo md hinh
OE (Output-Error model) c6 dang (Ljung,1999):

W)= 2L ut-nkg+ ey G)
F(q)

Trong d6, u(z) va y(t) 1an luot 1a tin hiéu ngd
vao va ngd ra vong hé cua dbi tuong; e(?) 1a sai sd
cua md hinh; B(g) va F(q) tuong Ung la cac da
thirc tir s6 va miu sé cia mo hinh. Cac hé s6 cua
mo h1nh duoc udc tinh bang phuong phap hoi qui
tuyén tinh. Tuong Gmg véi két qua tra vé 1a gia tri
cac hé sb nb, nfva nk ciia mé hinh nhéan dang. Véi
nb nf la bac cua da thuc B(g), F(q) va nk la )
mau tré cia tin higu ngd vao. Ngo ra tai thoi diém
¢ phu thudc vao mot s6 hitu han cac mau ngd vao

va ngd ra trong qua khi (Ljung, 1999). O day,
toan tir ¢ dugc dinh nghia la:

g u(t)=ut-1)

qu(t)=u(t+1)

va cac da thic ciia md hinh can nhén dang
duoc mo ta nhu (5) va (6).

(4)

-nb+1

B(q)=b; +by g +..+b,q (5)

-1 nf
Flg)=1+f19" +..% furq g (6)
2.2.3 Gidi thudt nhan dang

Giai thudt nhén dang dugc thyc hién theo
phuong phap hoi qui tuyén tinh, da dugc tich hop
san trong phan mém MATLAB. Viéc st dung giai
thuat kha dé dang béi doan ma 1énh sau:

t=input(:,1);
in=input(:,2);

oo oo oo

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

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

md=oe (dt, [nb, nf, nk]) 3
mc=d2c (md)

figure, compare (dt, mc) %

véc-to thoi gian
véc-to dd 1iéu vao

véc-to dd 1iéu ra

1énh nhédn dang mdé hinh

so sdnh két qua nhdn dang
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2.2.4 Nhan dang mé hinh bom

Trong (2), tham s b 12 hing s lién quan dén
luu lugng nudc vao bon. Pé tim b, ta cho Z=0,
trc 1a lic nay khong cé su tdc dong cua valve xa
ma chi ¢ tac dong cta ngd vado cong sudt may
bom Y. Ta ¢6 dugc mo6 hinh bom nhu (7).

£ v
X6) b %
Y(s) s

Pé nhan dang mé hinh nay, ta cho may bom
chay voi ngd vao Y co dinh dén khi nudc gan dén
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bng tran thi ngimg bom (muc nudc tran tai do cao
X=18,5 cm). V6i viéc thay dbi gia ngd vao Y
trong moi thi nghiém, ta thu dugc mot tap dir liéu
vao-ra dung dé nhan dang md hinh bom. Két
qua thu thap dir liu dugc thé hién trong Hinh 4
v6i thoi gian 1dy mau 13 0,5 s va mo hinh kiém
nghiém két qua nhan dang c6 céu trac nhu
Hinh 5. Trong mé hinh kiém nghiém mé hinh
bom ta thém vao mot khau tré cho dap tng cia
may bom. Thuc t& cho thdy, khi kich hoat may
bom, hé cAn mot thoi gian tré dé dua nudce tir ngo
vao may bom qua éng dan dé vao bdn quan sat.
Thoi gian tré nay dugc chon theo thuc nghiém,
khoang 0,2 s.

D lieu nkan dang mo hinh bom
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Hinh 4: Téng hep thu thip dit liéu nhan dang mé hinh bom

ngo wao cong suat may bom

“ » % > D@z ngo ra mo hinh bom L

Yi) Integrator Delay |:|

@ ngo ra he RTO10 Scope
¥_Rt010{cm)

Hinh 5: C4u tric mé hinh kiém nghiém nhan dang mé hinh bom

2.2.5 Nhdn dang mé hinh nhiéu

Tham s a trong (2) la hang s6 lién quan dén
luu lugng chat 1ong ra khoi bon qua valve xa. Dé

chay ra khéi béq hay 1a nhiéu tic dong vao hé
RTO10, sy thay doi myc nude nhu (8).

dX
—=-ZavX ®)
tim a, ta cho ngd vao Y=0, luc nay chi c6 nudc dt
D liew rhan cang mo hinh nhieu
20 T T T T T T
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Hinh 6 : Téng hop thu thap dir liéu nhan dang mé hinh nhidu
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Két qua thu thap dit liéu nhan dang md hinh
nhidu dugc thé hién trong Hinh 6. O day, nudc
duoc chay qua ong xa v6i ngd vao Z ¢b dinh tir
mot mic nude Xo cho trude dén khi can nude
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trong bon ki€ém soat.

M6 hinh nhidu dwoc kiém nghiém biang mé
hinh c6 cau triuc duoc thiét 14p nhu trong Hinh 7.

ngo vao cong suat valve xa

Muc nuoc ban dau

., >
Ho— Zratsqri{X) = -dX¥/dt b4 i i
F(%) % G 1 nge ra ma hinh nhieu
L > v ]
ﬂ Integrator ngo ra he RTO10 >
Soope
sqrtfx)
sqrt [
Square Root
(2
X_RTO10{cm)

Hinh 7: Céu tric md hinh kiém nghiém nhin dang mé hinh nhiéu

2.2.6 M6 hinh tong hop
Gia tri cia cac hé sb a, b ciia md hinh nhén

Bing 1 : Cac hé s6 ciia md hinh nhan dang RT010

Gia tri toi  Gia tri trung Gia tri ti da

dang h¢ RT010 dwoc xic dinh trong Bang 1. M6 He sb thidu binh
hinh nhan dang d kie hiém lai ba ach
L i o g o i 0 g kb o omars o
QpA ) s b 0.00262 0.00282 0.00318
dugc xay dung trong Hinh 8.
Mgo wao tham chieu W
Manual Switch
1z x_ : FID Lt Cong suat may bom N |
w + Contraoller 0-100{%) Cong suat valve xa Z :I—|"
1
[

stop

—:I ’—.SCGDE
A,I

Lovel Sl

RTO010
Liguid Level Control Unit

3 KET QUA VA THAO LUAN

Két qua nhan dang dugc danh gia bang cach
tinh toan d6 khdp ctia ngd ra mo hinh véi ngd ra
hé RTO10 khi ap cung mdt tap ngd vao. Mo hinh
s& duoc xem xét trong cac trudng hop didu khién
vong hé va diéu khién PID.

boi voi dicu khién vong ho, ta cho hé thong
bom, xa luan phién d€ dam bao chi€u cao cdt
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Mo hinh He RTO10

Hinh 8: Kiém nghi¢m mé hinh nhin dang dugc véi by diéu khién PID

nuée duoc giit trong khoang tir 10 cm dén 15 cm.
Vé6i mdi ngd vao cong suat valve nhidu Z trong
khoang 20-40% thi ngd vao cong suat may bom Y
lan luot thay dbi trong khoang 70-85%. Két qua
so sanh ngo6 ra mo hinh véi hé RT010 dat do khop
84,95%, Hinh 9. Ta c6 thé thiy dap tng ciia md
hinh bam sat theo dap tng cua thiét bi thuc, sai
1&ch trung binh cia ngd ra 1a 0,263 cm va sai l1éch
16n nhat 13 0,843 cm.
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Hinh 9 : Két qua diéu khién vong hé ciia md hinh va hé¢ RT010

Két qua diéu khién PID dugc thé hién trén
hinh 10 véi tin hiéu tham khao W=12 cm, cong
sudt valve xa dugc gitt ¢d dinh tai Z=20%. Khi
ngd vao Y>70% thi ngd ra cia mo hinh va hé
RT010 bam sat nhau, thoi gian ting gin bang

nhau. Trong thuc té khoang bom cia may bom
nhd hon trén mo6 phdéng nén ngd ra mo hinh chua
thé xac 1ap nhung nhin chung mé hinh van phan
anh duoc hé thdng khi ngd vao thay doi.

Moo ra ¥ wa giatri tham chieu
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Hinh 10 : Két qua diéu khién PID ciia mé hinh va H¢ RT010

42



Tap chi Khoa hoc Truong Pai hoc Cén Tho

4 KET LUAN

Bai béo trinh bay cach xac dinh mo hinh toan
ctia hé diéu khién myc chat 1ong RT010 cia hing
Gunt-Hamburg dya vao phuong trinh todn cta hé
bdn don. Tir dir liéu vao ra thu thap dugc, céc
tham s ciia mé hinh toan duoc nhan dang béng
cach xdy dung mé hinh so sanh va kiém nghiém
trén MATLAB/Simulink. Két qua cho thdy mo
hinh nhan dang duogc c6 d6 khop so véi thiét bi
RTO10 trén 80%, dat yéu cau cia bai toan nhan
dang. Ngoai ra, md hinh nhan dang con cho thay
kha ning dép umg gan gidng v6i dbi twong khi ap
dung cung mot bd diéu khién PID, vi vay ta co thé
mé phéng tim gia tri PID va ap dung cho dbi
tuong dé giam thoi gian, chi phi thiét ké trén thiét
bi thyc. Véi giai phap nay, ta c6 thé ap dung dé
nhan dang cho cac h¢ théng RTOx0 con lai cua
phong thi nghiém khi da biét mot phan céu trac
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vat Iy ctia chung va viéc thiét ké cac bo didu khién
duoc thuc hién nhanh chéng, dé dang nhd vao mo
phong ma khong phai phu thudc vao thiét bi thyc
nhu hién nay.
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