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DIEU KHIEN MUC TRONG HE THONG CE105 COUPLED TANKS

CONTROL OF LEVEL IN CE105 COUPLED TANKS SYSTEM
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TOM TAT

Trong linh vuc diéu khién qua trinh, viéc diéu khién mic chét léng trong binh
chia la mét trong nhiing van dé quan trong. D€ dat dugc hiéu qua trong viéc diéu
khién miic chat [ong, can phai cd mot md hinh chinh xéc d€ tinh toan cac tham s6
cho b diéu khién. D tin cdy cda mé hinh quyét dinh chdt luong ctia hé théng diéu
khién. Trong bai bao nay, nhom tac gia da st dung phuong phap nhén dang ddi
tugng dua trén dac tinh qua do d& nhan dang mic chat long trong binh chiia cia mé
hinh CE105 Coupled Tanks cta hang TecQuipment. Sau d6, két qua nhan dang dugc
st dung d€ thiét k& bo diéu khién PID cho md hinh. Cht lugng ciia bo diéu khién
dugc kiém ching béng cach thay ddi gid tri dat va nhiéu téc dong vao hé théng.

Tir khéa: Diéu khién muic, PID, mé hinh CE105, nhdn dang hé thdng.

ABSTRACT

Controlling the level of liquid in a container is one of the important problems
in the field of process control. In order to control the liquid level in the system's
reservoir effectively, it is necessary to have an accurate model, because the object
model involves the calculation of parameters for the controller and the reliability
of the quality decision model quantity of the control system. In this paper, the
authors apply the object identification method based on transient characteristics
to identify the liquid level in the container on a real object, the CE105 Coupled
Tanks model of TecQuipment. Then, the identification results are used to design a
PID controller for the real object. The quality of the controller is verified through
the change in the set value and the opening of the relief valve.

Keywords: Lever control, PID controller, CE105 coupled tanks, system identification.
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1.DAT VAN BE

Hé théng diéu khién muc chat 16ng 1a mét trong nhiing
hé théng phé bién trong cong nghiép, mét s6 vi du dién
hinh nhu hé théng diéu khién muc trong cac 1o hai, trong
cac nha may san xudt nudc, thay dién... Van dé dat ra trong
céc hé théng nay yéu ciu én dinh mdc chat 1dng trong bé
chta véi @6 chinh xac cao. Tuy nhién viéc thiét ké bod diéu
khién phu hop gap nhiéu khé khan bdi phu thudc vao su
chinh xac mé hinh todn hoc ctia hé théng. D€ gidi quyét van
dé nay, nhém tac gia sit dung phuong phap nhan dang dé
xac dinh mé hinh déi tugng cho hé thong.
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C6 nhiéu phuong phap nhan dang déi tugng dugc
nghién cdu va ing dung nhu phuong phap nhan dang da
mo hinh dua trén mé hinh tuyén tinh ARMAX, phuong phap
khoéng gian con két hgp véi diéu khién du bao,...[1-2]. Cac
phucong phap nay cho chat lugng nhan dang va diéu khién
t6t tuy nhién chidng yéu cau cac budc ky thuat phuc tap va
khoi lugng tinh toan I6n. Vi vdy, nhém tac gia s dung
phuong phap nhan dang dua trén dac tinh qua dé béi uu
diém dé thuc hién, cac budc ti€én hanh don gian hon va dugc
ap dung phé bién trong cong nghiép.

Trong bai bdo nay, nhém tac gid tap trung nghién ctu
viéc nhan dang va diéu khién muc chat 1dng trong binh dua
trén d6i tugng thuc 1a mé hinh CE105 Coupled Tanks, dé cho
do cao chat 16ng trong binh muc luén 8n dinh, khéng ddi
hodc theo mét diém dat trudc dé dam bao cung cap chinh
xac lugng chat 16ng cho cac qua trinh cdng nghiép nhu san
xuat thuéc, chung cat, tinh luyén...cho du hé théng c6 tham
s6 thay déi. TU két qua nhan dang, nhém tac gid téng hap,
thiét ké bo diéu khién PID dé kiém soat muc chat 1dng. Tinh
kha thi ctia b diéu khién dugc kiém ching trén hé théng
thuc nghiém trong trudng hgp co su thay déi vé luu luong
dau vao va nhiéu tac déng vao hé théng.

2. NHAN DANG VA THIET KE BO DIEU KHIEN CHO HE
THONG

2.1.Téng quan hé théng
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Hinh 1. M6 hinh qua trinh CE105 Coupled Tanks
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M6 hinh CE105 Coupled Tanks cia hang TecQuipment
dugc trinh bay nhu hinh 1, bao gém mét may bom, mét cam
bién luu lugng, hai cdm bi€n muc va ba van xa A, B, C [10].
Céc van xa c6 d6 ma thay déi tir 0 dén 5 (tuang ting 0% dén
100%). Van A nam & gitia hai binh dé diéu chinh luu lugng
chatlong tirbinh 1 sang binh 2. Trong bai bai bao nay, nhém
tac gia nghién cuu thiét ké bo diéu khién dé kiém soat mdic
chét 16ng trong binh 2. D4u ra cla bo diéu khién la dién ap
cdp vao dong co may bom chat 1dng vao binh 1, van B luon
dong va van C luon xa. Nén d6 mé cda van A va van C sé
dugc coi la nhiéu anh hudng dén muc chat ldng binh 2.

2.2. Nhan dang mé hinh qua trinh CE105 Coupled Tanks
2.2.1. Phuong phdp nhan dang tir ddc tinh quad dé
Theo [3-6] d6i tugng co6 déc tinh qua d6 nhu hinh 2 ¢6

thé dugc biéu dién dudi dang khau quén tinh bac cao, trong

phan nay nhom tac gia sé nhan dang déi tugng muc nudc
vé dang khau quan tinh bac hai nhu sau:
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Hinh 2. Duong dac tinh clia mé hinh quan tinh bac hai
Trong d9, k 1a tung d6 clia giao diém dudng tiém can cla
dudng dac tinh d6i tugng h(t) khit — 0. Ty, T, dugc xac dinh
dua trén a, b thu dugc tir viéc ké ti€p tuyén vai dac tinh qua
d6 tai diém uén nhu hinh 2 theo cac budc sau:
BuSc 1: Datx = 2
Ty
Budc 2: Timxthéaman 0 <x < 1

L+ = xInx+x%-1 a
Vaxix————1 =-
x-1 b
Budc 3: Tinh T, theo cong thic T; = bi
xx—1

2.2.2. Nhén dang trén mé hinh thuc

M6 hinh CE105 ctia Tecquipment dugc két ndi may tinh
théng qua card CE120 nhu hinh 3. C4u trdc thu thap tin hiéu
hé théng bang Matlab/Simulink nhu hinh 4 véi chu ky lay
mau la T, = 10ms.

Dé tién hanh nhan dang, ta dat cac théng s6 nhu sau:
bién ap dat vao cho may bom la 4,5V, van B khoéa, van A m&
tai vi tri s6 5 (100%) va van C md tai vi tri s6 3 (60%).
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Hinh 3. Hé thong nhan dang mo hinh thuc
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Hinh 4. Cau trdc thu thap tin hiéu

Sau khi chay qua trinh dé 13y két qué dau ra thuc, ta thu
dugc dé thi dap tng qua d6 muic nudc nhu hinh 5.

Ap dung phuong phap nhan dang & phan 2.2.1 cho d6
thi hinh 5 ta xac dinh dugc gia tri ca kva T, T, la:

3,969
a =454
b = 240,57

SuyraT; = 218,485; T, = 5,59
Vay ham truyén ctia moé hinh la

G(s) = 0,882
(1+218,4855)(1+5,59s)
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Hinh 5. Dép ting qua d6 miic nudc
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2.3. Thiét ké bo diéu khién PID va mé phéng trén Matlab
DPé& diéu khién muic chat 1dng cho mé hinh CE105, bai bao
téng hgp bé diéu khién dya trén mé hinh ham truyén déi
tugng & céng thic (2). Ap dung phuong phap téi uu héa
modul [7-9], ta thu dugc két qua bo diéu khién Pl nhu sau:
R(s) = 22,157 + — (3)

30,303s

ap mg clia myc chét léng(V)

300 500
Thoi gian(s)

Hinh 6. Dap ting mUic chat 10ng ctia ham truyén

Trudc khi tng dung bd diéu khién Pl & céng thic (3) dé
diéu khién mé hinh thuc CE105, bai bao thuc hien mé phéng
diéu khién trén phan mém Matlab-Simulink. Két qua 1a dé thi
hinh 6 cho thdy dap ing muc nudc can 70s dé 6n dinh tai gia
tri dat, do qua diéu chinh 1a 2%.
3. KIEM NGHIEM VA BANH GIA KET QUA

Qué trinh thuc nghiém dé danh gia chat lugng bo diéu
khién dugc tién hanh trén hé thdng nhu hinh 3. Trong d6,
cdu trac Simulink két néi dugc xay dung nhu hinh 7.
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Hinh 7. So d6 diéu khién mé hinh thuc

Cam bién co ti 1& tuyén tinh gilia tin hiéu dién ap dau ra
va mic nudc thuc la 1:25. D& kiém nghiém chat lugng cla
hé théng diéu khién, qua trinh thuc nghiém dugc ti€n hanh
theo ba truong hop sau day:

Trudng hop 1: Gia tri dat khong dédi, thong s6 bo diéu
khién PI: K, =22,157; T, = 30,303
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T hinh 8 ta thay, dap (ing muic chat ldng can thai gian la
80s dé dat gia tri dat, vdi sai s6 khong dang ké. Nhu vay, bd
Pl dé xudt dap Uing dugc yéu cau diéu khién 6n dinh muc
nudéc véi d6 qua diéu chinh nho.

Trudng hop 2: D€ danh gia kha nang bam gia tri dat ctia
hé théng, qua trinh thuc nghiém dugc tién hanh bang cach
thay d8i gia tri dat 1an luot Ia 4,5V; 3V; 6V; 4V (tuong Ung
112,5mm; 75mm; 150mm; 100mm)
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Hinh 9. Két qué thuc nghiém dap (ing mdc chat 16ng khi thay d6i gia tri dat

Tu hinh 9, ta thdy dap ting dau ra bam theo gia tri dat méi
sau khoang 60s dén 70s khi c6 su bién thién gia tri dat, trong
khi & qua diéu chinh rat nhoé. Cu thé chi tiéu chat lugng
dong thuc nghiém dugc danh gia trong bang 1.

s
v

Hinh 10. Miic chét Iong thuc té (ng véi gid tri dat 100mm

Béng 1. Thdng s6 chét lugng hé thdng diéu khién khi thay déi gid tri dat

Giatri | Giatri | Giatri | Gidtri

datasv | dat3v | datev | datav
D6 qua diéu chinh 3% | 333% 3% 2%
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Hinh 8. Dap (ing mic chat long thuc nghiém trén mo hinh CE105 Coupled

Tanks
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Trudng hgp 3: D€ danh gia kha nang 6n dinh truéc cac
nhiéu bén ngoai, qua trinh thuc nghiém dugc tién hanh
bang cach thay d8i géc mé& clia ca van x& A va van xa C tai ba
vi tri nhu trong bang 2.

Két qua dap ung trén hinh 11 cho théy, tai thai diém ban
d4u ngay khi xuat hién géc ma@, muc nudc cé su bién déi

Website: https://jst-haui.vn



P-ISSN 1859-3585 | E-ISSN 2615-9619

SCIENCE - TECHNOLOGY

(~6%) nhung sau khoang thai gian 50s 8n dinh bam theo gia
tri dat vdi sai s6 nhd ~0,22%. Cu thé cac chi tiéu chat luong
dong dugc tinh toan trong bang 2.
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Hinh 12. Miic chét 10ng thuc té ting vdi gid tri dat 112,5 mm (d6 m& van A va
 tai 60%)

Bang 2. Théng s6 chat lugng hé thong diéu khién khi thay d6i o m& ctia van
Ayvan C

4, KET LUAN

Viéc xac dinh mé hinh phu hgp ctia mét déi tugng cu thé
phu thudc vao phuong phép va cach thic nhan dang. Piéu
nay la mét thach thic déi véi cac nha nghién cdu. Bai bao
trinh bay mot phuong phap danh gia tinh pht hop cia mé
hinh nhan dang so véi d6i tugng thuc théng qua viéc ap
dung phuang phap nhan dang déi tugng cho bai toan diéu
khién muc nudc trong bé, stt dung d6i tugng thuc Ia mé hinh
CE105 Coupled Tanks. K&t qua nhan dang va chat luong diéu
khién ctia b diéu khién dugc thiét k& dua trén mé hinh nhén
dang dugc danh gia khi ap dung cho hé théng thuc. Su thay
d8i gia tri dat va dd6 md clia van trong céac thit nghiém cho
thay bé diéu khién dat dugc chat lugng tét.
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Tu két qud m6 phéng cac hinh 8 + 12 va bang 1, 2, c6 thé
nhan xét rdng hé théng diéu khién muc chat 16ng binh chia
lam viéc 6n dinh va bam theo gia tri dat. Ngoai ra, khi ta thay
déi gia tri dat trong qua trinh lam viéc cha hé théng va dudi
tac déng cha nhiéu nhu su thay ddi géc mé& cda van, hé
théng van 6n dinh.
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