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ABSTRACT

The article presents a method of establishing and optimizing the
industrial liquid level control system with fuzzy logic controller. Based
on actual operating characteristics of the system indicate that it has a
nonlinearity, strong inertia and high delay within operation, the fuzzy
logic controller is designed and modified appropriately to ensure
effectiveness of control system. Experiments on industrial liquid level
control system model indicate efficiency of fuzzy logic controller, based
on the evaluation of quality criteria on rising times, settling times,
steady-state errors and minimum power consumption during continuous
operation. Besides, the system stability is verified by quick response
ability, precision and stability according to reference signal under
change of disturbances on the control system.

TOM TAT

Bai bdo trinh bay phwong phdp thiét ldp va t6i wu hé diéu khién muec
chdt long cong nghiép voi b diéu khién mo. Trén co so cdc déc tinh vin
hanh thuc té ciia hé thong cho thdy hé thong c6 tinh chdt phi tuyén, dé
qudn tinh 16n va dg ré khi van hanh, b diéu khién mo dwge thiét ké va
tinh chinh mét cach phiv hop nham dam bdo hiéu qua diéu khién. Két qua
thwe nghiém trén mé hinh hé diéu khién muc chat long cong nghiép cho
thdy hiéu qua ciua bg diéu khién mo, dua trén viéc danh gid cac chi tiéu
chdt heong vé thoi gian ting, thoi gian dap img, sai s6 xdc lgp va mirc
ndng heong tiéu hao toi thiéu trong thoi gian vin hanh lién tuc. Ngodi
ra, sw on dinh cia hé thong dwoc kiém chimg qua kha nang dap img
nhanh, chinh xdc, 6n dinh theo tin hiéu diéu khién dudi su thay doi ciia
nhiéu vao hé thong.

Trich dan: Lam Thién Tin, Nguyén Chanh Nghiém va V& Minh Tri, 2017. T6i uu h¢ diéu khién myc chét
long cong nghiép vai bo dicu khién Fuzzy Logic. Tap chi Khoa hoc Trudng Pai hoc Can Tho.

53a: 1-12.

1 GIOI THIEU

don gian dén phirc tap, tuy nhién chu tric cia hé
thong déu dua trén 3 thanh phan chinh 1a by phan

Trong cac Gng dung tu dong hoa qua trinh, hé
didu khién muc chit 16ng ¢6 nhiéu tng dung sau
rong trong linh vyc san xudt cong nghiép nodi
chung, dac biét 1a trong nganh cong nghiép loc hoa
dau hay trong linh vuc san xuat dugc pham. Tuy
theo linh vuc img dung va chi tiéu chat luong diéu
khién ma hé diéu khién myc chit long co cdu tao tir

diéu khién, co cu chap hanh va thiét bi do dac.

Do tinh mg dung manh, dd c6 nhidu dé tai
nghién ctru vé mo hinh toan va phat trién cac giai
thuat diéu khién cho hé diéu khién myc chét 1ong.
C6 thé ké dén 1a nghién ciru nhan dang hé 6n dinh
muyc chat 1ong RT010 cua hing Gunt- Hamburg
dya trén md hinh hop xam bang Toolbox nhan
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dang ctia phan mém MATLAB (Nguyén Minh Hai
and Nguyén Chi Ngon, 2013) két qua cho thiy do
khép ctia mo hinh nhan dang dat trén 80% so véi
hé théng thue. Hé diéu khién muc chit long c6 déc
tinh phic tap vé d6 phi tuyén, mic d6 quan tinh
16n va do tré khi van hanh, do dé viéc str dung bod
diéu khién PID (Proportional Integral controller)
v6i thé manh vé cau trac don gian, kha nang diéu
khién hiéu qua va dang tin cay (Kanagaraj N. et al.,

2008) chua dap ung duoc mong doi vé hiu qua
diéu khién. Viéc ung dung cac giai thuat diéu khién
khac de nang cao chét luong diéu khién da duoc
phat trién nhu giai thuat diéu khién muc chét long
bang viéc st dung bo dleu khién m& 1am nhiém vu
tinh chinh cac thong sé cho b diéu khién PID (goi
tat 1a by didu khién PID lai), qua trinh tinh chinh
duoc thyc hién thong qua viéc ap dung giai thuat di
truyén dé t6i wu thong s6 bo didu khién
(Huaizhong, 2012) két qua mé phong bang cong cu
MATLAB/Simulink cho thay hiéu qua cua bo. didu
khién PID lai lam ting d¢ 6n dinh, giam sai sO xéac
lap cua hé thong so v6i bo dicu khién PID. Tuy
nhién, qué trinh huan luyén va tinh chinh b6 diéu
khién thong qua giai thuat di truyén (goi tat 1a ky
thuat tinh chinh off-line) mat kha nhiéu thoi gian
(Singh R. and I. Sen, 2004). Hay phuong phap tim
kiém gié tri t01 wu ciia bo didu khién PID bang giai
thuat di truyén, théa min cac ham muc tiéu IAE,
ITAE va MSE, dua trén cac gia tri khoi diém xac
dinh boi giai thuat Ziegler-Nichols (Nguyén Chi
Ngén, 2008). Uu diém cua phuong phap nay la xac
dinh dugc b diéu khién t6i wu ma khong can quan
tam dén mo hinh toan cuia ddi tuong, tuy nhién qua
trinh xac dinh cac ham muc tiéu b?lng giai thuat di
truyén doi hoi rat nhidu thoi gian.

Trong ky thuat didu khién, bo diéu khién mo
duoc biét dén nhu 1a mot giai phap thay thé bo diéu
khién PID truyén thong véi loi thé vé kha nang cho
phép tinh chinh bg diéu khién dua trén sy am hiéu
vé dic tinh van hanh thuc t& cua hé théng ma
khong can xac dinh mo hinh toan cia ddi tuong
diéu khién (Er M.J. and Y.L. Sun, 2001); wu diém
nay hét stc hiru ich trong cac truong hop ma ddi
tugng diéu khién phirc tap, viéc xac dinh mo hinh
toan 1a hét strc kho khan.

Bén canh do, qua trinh kiém ching chit lwong
ctia bo diéu khién trén cac md hinh thuc nghiém la
diéu kién bt budc trude khi dua vao ap dung thuc
té. Tuy nhién, cac nghién ctru khoa hoc phuc vu
cho yéu cau nay chua dwoc quan tim nhiéu.

bé dap ung yéu cau d6, trong nghién clu nay
s€ trinh bay cau triic cua mo hinh hé diéu khién
muyc chat long cong nghiép dang bon don (SISO)
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sir dung van diéu khién dién - khi nén (Actuator
Control Valve) 1a loai van cip chit long tiéu biéu
duoc str dung phd bién trong cong nghiép (Fisher,
2005) va Kkét qua thuc nghiém cua viéc ap dung bd
diéu khién mo véi hiéu qua diéu khién thuyét phuc
vé thoi gian tang, thoi gian dap g, sai so xac 1ap
va d6 on dinh ciia hé thong.

2 PHUONG PHAP NGHIEN CUU

2.1 M0 hinh thyc nghiém va so dd diéu
khién hé on dinh muc chat 16ng cong nghiép

Trong hé diéu khién muc chét 16ng cong nghiép
dang bon don, mot ngd vao - mot ngd ra (SISO) sir
dung cac thiét bi dugc cho trong Bang 1, thi dic
tinh ctia van cép chat long & ngd vao gitlr vai tro
quyét dinh dic tinh cia hé thong (Hoang Minh
Son, 2009). Loai van cap tiéu biéu sir dung trong
hé thong 1a van diéu khién dién-khi nén (Actuator
Control Valve), ngoai nhimng wu diém vé hiéu suit
str dung, kha ndng van hanh lién tuc, do tin cay va
do bén thi cling tdn tai cac nhuoc diém vé toe do
dap tmg, do tré trong qua trinh dong mé van hay
cac van dé vé ma sat (Fisher, 2005). Céc dic tinh
d6 két hop vdi tinh phi tuyén cta hé bon don SISO
lam cho mé hinh thyc nghiém c6 tinh chit phi
tuyén, do quan tinh 16n va dé tré khi van hanh.

aign
¢ Elec-pnecumatic
—_—— chatling

—— & khinén

CAPITAL TANK

Hinh 1: M6 hinh h¢ diéu khién muc chét long
cong nghiép
Trong hé théng, luu luong tiéu thy (tdc dong
nhiéu) dugc dicu chinh bang d6 dong/md cua
Valve xa =[0;100%];  dién &p diéu khién
U =[-10+107] ding dé thay doi luu lugng cip &
ngd vao thong qua do dong mé cua Valve cip;
cong suat bom duoc cb dinh & mic P ump = 10%.
Chiéu ca0 myc nudc cua bon nhan vé thong
quacambien ap sudat vdi  muc  tin hi¢u
Y =[4+20mA]. Mo hinhhé Ondinh myc chat
long cong nghiép dang bdn don (SISO) dwoc cho
nhu Hinh 1.
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Liquid in

+

Liquid
Level(mm)

Liquid out

Hinh 2: M hinh hé bén don (SISO)

Trong do6, cAu tric caa hé bdn don duogc cho
nhu Hinh 2, qué trinh thay d6i chiéu cao c¢ot nudc
trong bdn & mot thoi diém phu thudc vao luu lugong
nude cip vao va luu lwong nude tidu thu cia van
x4 O thoi diém d6, theo phuong trinh (1):

'H
=0 = Oour =Ciyb— Cutar (1)

Trong do6:
A(m*) 14 tiét dién ngang cia bon; H(m)la
N 3

chiéu cao cot nude; O, (" K ) 1a lIuu lugng nude

\ 3 s
vao bon; O, (" K )1a luu lwgng nudce ra khoi bon;
C, (%) dd mo clia van cap; b 1a hang sb lién quan

dén luu lugng nudc vao bon; C, (%) d0 mo cua

out

van xd, g 12 hang s lién quan dén luu lwong nude

ra khoi bon.

Bang 1: Danh sach cac thiét bi chinh cia hé
SISO

Pac tinh Nha

Stt  Tén thiét bi R
ky thuit chung

san xuat

NI myRIO- -ample rate: 5001"% National
1900 Resolution: 12bits Instrument

2 U/l converter +10V « 4=20mA
Input: 4--20mA

3 I/P converter Samson
Range: 3 =15 psi
4 Actuator Air-to-close Badger
Control Valve Standard:3+15psi  Meter
5 PDifferential lange: 6 <+ 600mbar Si
ressure iemens
Transmitters OUtPUt: 4--20mA
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2.2 So lwgc vé van diéu khién dién-khi nén

Van diéu khién dién-khi nén (Actuator Control
Valve)  duoc sir dung rong rdi trong cong nghiép,
¢6 chirc ning diéu khién luu luong chit 1ong theo
yéu cAu sir dung. Loai Van dién-khi nén dugc su
dung trong thi nghiém 1a loai Air-to-close cé ap
sudt van hanh P = 1,4 +0,1bar , tin hiéu diéu khién
I =4-+20mA. Actuator Control Valve bao gom 2
bd phén chinh: Actuator va Control Valve duogc
lién két ctrng voi nhau, tru van dich chuyén tinh
tién theo phurong thing dimg dé thay déi luu luong.

So dd cdu tao cua actuator bao gdm: Mot budng
khi duoc tao bdi mang chin gin lién vdi 10 xo
va try van dong mé theo phuong doc truc dudi tac
ddng clia ap suat khi (Hinh 3).

Topworks
Here

1. Valve body

2. Valve bonnet

3. Trim set (innetvalve)
4. Body bonnet gasket
5. Presure case

6. Steam mut
v g 7. Diaphragm plate
/ = 8. Diaphragm
« i 5oty
mm 2| 10 Spring seat
// 11. Spring adjuster
12. Steam connector
. 2 13, Sterm

Hinh 3: So d6 cAu tao Actuator Control Valve

Actuator Control Valve 1a lua chon t6i wu cho
cic qua trinh diéu khién lwu lugng trong cong
nghiép, dam bao hiéu suit van hanh lién tuc, do tin
céy va d6 bén cao (Fisher, 2005).

2.3 Giai thuat diéu khién vong kin ciia hé
6n dinh muc chit 16ng cong nghiép

So do diéu khién vong kin ciia Hé thong diéu
khién muc chat long, nhu Hinh 4.

Nhiéu tic djng

Gid tr Tinhiu
tham chiéu diéu khién

Gid trj

Bién qui trinh

Hinh 4: So d6 hé thong diéu khién vong kin
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B0 diéu khién vong kin dugc biét dén nhu bo
diéu khién voi co cheé phan hoi (feedback) co sur
dung rong rai trong cac h¢ thong dicu khién cong
nghiép, bo diéu khién tinh toén sai s gitra tin hiéu
yéu cau va tin hiéu thyc t& dé diéu chinh vé gia tri
nho nhglt co thé. Cac giai thuat cua bo diéu khlep
duoc dé xuat cho md hinh hé diéu khién muc chat
long cong nghi€p nhu sau:

— B diéu khién PI
— B diéu khién PID
— B diéu khién mo

Trong 3 giai thuat diéu khién da néu, thi bo
diéu khién PI va PID duogc coi 1a giai thuat diéu
khién hiru ich duge sir dung pho bién, ddc biét doi
v6i cac hé didu khién tuyén tinh, véi loi thé vé thoi
gian dap tng nhanh, bo diéu khién don gian va
chinh xac (Johnson and Moradi, 2005).

Viéc xac dinh gia tri b thong sé[Kp,Ki,Kd]

ctia bd diéu khién PI va PID, dua trén viéc nhiéu
phuong phap nhu: Manual tuning, Ziegler—
Nichols, Cohen—Coon (D.V.L.N.Sastry et al.,
2014). Song song d6, bd diéu khién mo ndi 1én nhur
mot phuong phap diéu khién théng minh, dwoc
phat trién dua trén sw am hiéu vé dic tinh van hanh
cta hé thong, ngay cang phat huy hiéu qua vé thoi
gian déap tng, do on dinh, tin cay cua hé théng diéu
khién (Heidar and Chukwuma, 2000).

Huéng tic dong cua bo diéu khién (Control
Action Direction) la huéng thay d6i tin higu ngd ra
trudc sy thay doi cia bién qua trinh duogc diéu
khién. Trong mé hinh thyc nghiém nay, bo diéu
khién (Controller) dugc thiét ké co hudng tac dong
nghich (reverse) vdi chiéu thay d6i cua bién qua
trinh duge diéu khién.

2.4 Thu thip va xir Iy tin hiéu h¢ thong

Tin hiéu analog tir cam bién ap suét Differential
Pressure Transmitter (DPT) dugc thu thdp thong
qua bd chuyén ddi tin hiéu E/I_convert, trudc khi
dua vao bo diéu khién théng qua board NI myRIO-
1900 (Hinh 5).

MAY TINH

Cam bién
ap suét

Hinh 5: So do thu thép tin hi¢u

Tap 53, Phan A (2017): 1-12

Trong k¥ thuat diéu khién vong kin thi sai s6
ctia tin hiéu doc vé anh huong 16n dén chét lugng
diéu khién cta hé thong. Viéc nang cao do chinh
x4c trong qua trinh thu thap dir liéu duoc tién hanh
song song v6i qua trinh xac dinh nguyén nhén gay
sai s6 cing nhu ngudn gy nhiéu tin hiéu. Viéc xac
dinh sai so cling l1am co s& cho qua trinh xac dinh
dd chinh xac va tinh tin cdy cia hé théng diéu
khién tu dong.

Al
+ +
Vi ®
- Al SENSE R

R
Two resistors 10kQ<R<100kQ

Hinh 6: Floating Signal Source with DIFF
Analog Input

Trong nghién cuu nay, ky thuat NRDIFF input
Configuration (National Instruments, 2016) dugc
ap dung dé thu thap tin hiéu tir cam blen (Hinh 6),
nhim han ché tac /dong tur cac ngudn gly nhiéu,
giam déng ké sai s6 ciia phép do cho hé thong diéu
khién. Két qua sai s6 cua phép do giam dang ké,
cot ap tinh co gia tri dao dong 16n nhit trong

khoénge,, = 0,6mm (Hinh7).
Error of measument
107
Process
Setpoint
Setpoint: 106 mm
£ Error: 0,6 mm
E 1062
°
3 106
3
il
=
g
= 1056
105

Time (sec)
Hinh 7: Sai s6 phép do
2.5 Bo diéu khién PI
Bo didu khién PI dugc thuc hién boi tac gia
(Johnson and Moradi, 2005):

u(t) =K, |e(t) +%f(: e(T)] ’

e(t)=Xp, (1) — X (1)

vo1
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K.=—"2 (2 Trong do:
T
T 14 thoi hang tich phén, K, va K; lan lugt 1a d0
loi ti 1¢ va do loi tich phan cua bo di€u khién PI.
Nhiém vu cta nguoi thiét ké 1a chon lgya va tinh
chinh b gia tri[K p,K,.] thoa min cac yéu cau vé

chat lugng diéu khién. Cac thong s6 do loi K, va K;
anh huong dén thoi gian tang (rise time), 4o vot 16
(overshoot) va thoi gian xac 1dp (settling time)
dap mg cta hé thdng (Nguyén Chi Ngon, 2011)
(Bang 2).

Bang 2: Anh hwéng cia viéc ting cac thong )
do loi cia b dieu khieén PI

Thoi gian Sai s6 xac
xaclap lap

P lgi hoigian Do
T ° tang vot 10

Thay doi it Giam
Triét ti€u

K, Giam Tang
Ki Giam Tang Tang

2.6 Xac dinh thong s6 b diéu khién PI theo
phwong phap Ziegler-Nichols

Ziegler va Nichols di dé xuat hai phuong phap
thyc nghiém ding dé xic dinh cac thong sb
[K K. ] clia bd diéu khién PI (Ziegler J.G. and
N.B. Nichols, 1942). Trong nghién ctru nay, bai
bao sir dung phuong phap Ziegler-Nichols dua trén
dap Ung vong kin dé xac dinh thong s6 cia bo
diéu khién, c6 thi tuc nhu sau:

— Xay dyng vong hdi tiép am don vi, véi
bo dicu khién ti 1¢ ¢ do loi K, =—1

— Tang do loi K, dén gié tri t6i vu K, ma ¢ do
déap ung bit dau xuat hién trang thai dao dong déu
va tién hanh xac dinh chu ky dao dong 7, cua dap
ung (Hinh 8).
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Ziegler-Nichols method

100

Setpoint ! (. !
| | | |
Process |
| | | Cycle Time: 5,5 (s)
| | | Ultimate gain: Ku= - 3,1
| | |
= | | | | | |
E 85 —— -t AT T T T T T - =
= | |
T AN A SN~ ANA D N BN
3 7NN/ | NI | | \\/ VRN
k] | | | | |
] e i et St [t it
3 | | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
1 1 1 1 1 1
605 10 20 30 43 485 60 70

Time (sec)
Hinh 8: Ziegle-Nichols method
Céc gié tri [K,,K,] cta b diéu khién PI xéc
dinh tr phuong phap Ziegler-Nichols dugc kiém
nghiém va tinh chinh lai bang thyc nghiém trén mo

hinh thyc té dé dat dugc chat luong diéu khién vé
thoi gian tang, d6 vot 10 va sai so xac 1ap (Bang 3).

Bang 3: Thong s6 b diéu khién Plmodity

P1 PImodify
K =0,45K
! ; L =—1351
K,=-31 K =—-1.395 p_modify )
p b
T, =5,5s
[ =—t=4583 T . =4166

V6i Pliodity 12 bo diéu khién PI dwoc tinh chinh.

2.7 Két qua thye nghiém véi b diéu khién
Plmoaity

Véi cong suit valve xa Z (nhidu tac dong) duoc
dat & mac Z = 40% (46 mo valve), Iuu lugng cung
cap tir bom dugc ¢b dinh ¢ muc P =75% (cong
suit bom). Giao dién diéu khién duoc xiy dung
béng phin mém Labview, véi thoi gian ldy mau
=0,02s (Hinh 9).

sample

(x> =0000 ) y=110;

i

HIGH OF TANK
Volt process1 [ e -

if(x>=0) y=100; A

(> =3000 ) y=120;

(x> =6000 ) y= 150 ;

Murmeric

plizz

Volt control 1

h 7.823074+12019; I D’EJ
Volt process SoeE
| oo b [%e bt gune
Analog input (1 " &,

o

12000 . sample) E]

MNumeric 2 [sample tirmes| Analog cutput
I ke sample]
N v & pe)

ng -
]|
]

Hinh 9: Giao dién diéu khién Plmodity
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Liquid Level System - Pl modlfy

200 - - T

180 Setpoint signal Settllng time: 22 sec |
Process signal Steady error: 1.33%

160 - ~ -

140
120
100 -
80
60

Liquid Level ()

. .
(o] 50 100

. .
150 200

Time (s)
10
Pl modify
e
§ oF Ao N - } APePe N AT - f! AN
: | / »
-10 JJ , f , JJ \ \
50 100 150 200
Time (s)

Hinh 10: Két qua thuc nghiém véi by diéu khién Plmodiry

Nhan xét:

Ngo ra cua hé thong dép tmg t6t v6i tin hidu
tham chi€u v¢i thoi gian tang va thoi gian xac lap
hop 1y T, =22(s), sai s6 xac lap nho
=1,33%, dap ung vot 16 khong dang ké.

stead)
Vi bién d6 dién ap didu khién & giai doan xac lap
c6 khoang dao dong hop Iy V., =[—1.8:1,8/(V),
cho thay nang luong khi nén dugc tiéu hao cho qua

trinh diéu khién d6 dong mé ciia Actuator Control
Valve & mirc thap (Hinh 10).
2.8 B{ diéu khién PID
B9 diéu khién PID nhu (3) dwoc phat trién tir
bd diéu khién PI, vai viéc cong thém thanh phan vi
phan|T, dz(t )| vao bo didu khién nhu, c6 tic dung
t

lam chém sy thay ddi cua tin hiéu diéu khién, dic
tinh nay gitip ting d¢ on dinh cia tin hidu so véi
tin hiéu tham chiéu. Tuy nhién, trong mot vai
truong hop thanh phan vi phan co thé giy mat on
dinh ctia hé thong, dic biét ddi voi cac hé thong co
d6 tré va nhiéu tac dong lén.

= K, |e) - [ a4, dj;;)]
e(t) = Xgp (1) = Xpy (1)
. K
VoI K, =—23 K, =K,T, 3)

T,

Trong d6, Ty 1a thoi hing vi phan.

Céc gid tri[K,.K,,K,]| ciia bo diéu khién PID
xé4c dinh bang phuong phap Ziegler-Nichols dugc
kiém nghiém va tinh chinh lai bang thuc nghiém
trén mo6 hinh thyc té dé dat dugc yéu cau didu

khién vé thoi gian ting, d6 vot 16 va sai s6 xac 1ap
(Bang 4).

Bing 4: Thong s6 bd diéu khién PIDmodity

PID PIDmodify
K =0,45K,
K, ooy =—1351
K =-135
T, =35,5s 7
K,=-31 T= 6_4,583 T oaiy =52
L. T — 0,001
Ty == 0,687 T, gy =0,

V6i PIDmodity 14 bo diéu khién PID dugc tinh
chinh.

2.9 Két qua thye nghiém véi b diéu khién
P IDmudify

Véi cong suat valve xa Z & muc Z = 40% (d6
mo valve), luu luong cung cdp tir bom dugc ¢d
dinh & muc P=75% (cong suit bom). Giao dién
didu khién dwoc xdy duyng bang phin mém
Labview, v6i thoi gian ldy mau 7., . =0,02s,
nhu Hinh 11.

vample
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=0 ) y=100;
if(x>=3000 ) y= 120;

if(x>=0000 ) y=110;

Volt process 1

HIGH OF TANK

T Volt control 1
|1 h=7.8239"u+129.18; r
Volt process foc
b E v "‘;_; PID gains Volt control
Analog input (1 " <,
X sample) ¥
umeric 2 C —I=Z'V—I=Z' — \Sampletlmesl Analog output
_(1 SETI"IPIE).
IEI— @il
-]
Hinh 11: Giao di¢n diéu khién PIDmodity
Liquid Level System - PID modify
200 — — \ \
Setpoint signal Setting time: 22 (se0)
L . ettling time: sec i
2 180 — Process signal Steady - error: 1,88%
£ 160 i
T 140 i
(0]
= 120+ .
°
Z 100 1
—
80 b
60 I I I I
0 50 100 150 200
Time (s)

Volt control (V)

1
100

1
200

Time (s)

Hinh 12: Két qua thwe nghiém v6i bd diéu khién PIDmodity

Nhan xét:

Ng0 ra cua h¢ dap ung t6t voi tin hidu tham
chiéu vai thoi gian tang va thoi gian xac 1ap hop ly
T g = 22(s) , sai s0 xé4c 1p nho e, =1,88%,
dap ung vot 16 khong déng ké; bién do dién ap diéu
khién & giai doan xac 1ap co khoang dao dong hop

ly v,
dugc tiéu hao cho qua trinh diéu khién d6 déng mo
ctia Actuator Control Valve ¢ mirc thdp Hinh 12.
Tuy nhién, viéc thém vao thanh phin vi phan Tq
trong bd diéu khién PIDrmodity chuq mang lai hiéu
qua so voi viée sir dung bd diéu khién Pluodiry -

ontrol

= [~2;2]7, cho thdy ning luong khi nén
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Tin hiéu
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B dicu khién
dién'khi nén

tham chiéu

R ®

Mo hoa

s Van cip
Tin hi¢u

dieu khién T ——

JiiAy Mye

chat

el :m: _._T){\P LUAT
If...and...then ™

Giai mér long

BO DIEU KHIEN MO

HE BON BON
(SISO)

Hinh 13: Céu tric hé diéu khién muec chit 16ng v6i bd didu khién mo

2.10 Bj diéu khién mo (fuzzy logic
controller)

B6 didu khién mo duoc thiét ké theo kiéu mot
ngd vao va mot ngd ra (SISO), cb ciu trac nhu
Hinh 13. Qua trinh m¢ hoéa gia tri ngd vao va giai
mo gia tri ngd ra chu yéu dua trén dic tinh diéu
khién cua hé théng. Ham lién thudc duge dé xuét
sit dung trong bo didu khién c6 dang tam giac
(triangular shape), xac dinh boi (4):

0 x < a
Zﬁa a< x<b
B (x) = ¢ (4)
x—c
5 b<x<c¢
—c
0 x> c

Vi: a, b, ¢ 1a hoanh d6 3 dinh cta tdp mo tam
gidc A’ twong ng.

Ngo vao cua bo diéu khién mo 12 sai sb e gitra
gia tri dat va gia tri thyc cua qua trinh, dugc mo

Input variable membership functions
1-

hoa boi ba tdp mo [Neg, Zero, Pos|;

Ngo ra cia bo diéu khién mo 14 dién ap, dugc
giai mo hoa béi ba tap mo [Neg, Zero, Pos] .

Trong nghién cuu nay, mién xac dinh cua bién
ngd vao “saiso _e” va bién ngd ra “U _control
duogc xac dinh dua trén dac tinh van hanh cua hé
thong:

saiso _e € [—200,+200]

5
Uﬁcontrole[710,+10} ©)

Luét diéu khién bo diéu khién mo (Hinh 14)
dugc thiét k?; dua trén dac tinh van hanh cta hé
thong véi chiéu tic dong nguogc (reverse) nhu (6):

If"saiso _e"is" Neg"Then"Volt _control"is" Pos"
If"saiso_e"is" Zero"Then"Volt _control"is" Zero" (6)
If"saiso _e"is" Pos"Then"Volt _control"is" Neg"

= =Y Ba
' 1 '

Membership (u)

=
[
v

0-!

Qutput variable membership functions
1

I I 1
-200  -150 -100 -50 0 50

1 1 2
= & &
' | |

Membership (u)

=]
[
h

L=
o
do |
&
=
™
o=
o

Range

Zero ’K

Pos 'K

Neg ,K
160 15|0 260

Zero ’K

Pos ’K

Neg ’K

Hinh 14: Tép luit ctia bd diéu khién mo
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Input/Output relationship

Hinh 15: Pic tinh diéu khién ciia bd diéu khién
mo

Giai mo bing phwong phap diém trong tim
(Modified center of area) dugc st dung nhim dam
bao dic tinh dap tng nhanh cta bd diéu khién mo
trong toan dai diéu khién:

Tép 53, Phan A (2017): 1-12

v6i mCoA 1a gia tri diém trong tim (Modified
center of area)

Nhu vay, b didu khién mo 14 sy két hop ctia ba
giai doan: mo hoa gia tri dau vao v6i mién gia tri
(5), xay dung tap luat didu khién (6) va phuong
phap giai md (7) dé tao ra bo diéu khién mo c6 dic
tinh phi tuyén (nonlinear) véi kha ning dap tng
nhanh & khoang gié tri sai s6 16n va chinh xac voi
khoang sai s6 nho, nhur Hinh 15.

2.11 Két qua thye nghiém véi bd didu khién
mo

Vi cong suit valve xa Z (nhidu tac dong) duoc
dat & mic Z = 40% (46 mo valve), Iuu lugng cung
cap tir bom dugc ¢ dinh & muc P =75% (cong
sudt bom). Giao dién diéu khién va két qua diéu
khién muyc nuéc bang bo diéu khién mo (Hinh 16,
Hinh 17).

if(x>=0) y=100;
(> =3000 ) y=120;

if(x>=6000 ) y=150;
if (x> =8000 ) y= 110,

i Volt process)

»
u

Analog input (1
[ sample)
C/ADD (AID) ¥

¥

g

fuzzy system out Vot control
b
""""""""" | @,
. | y |
""""" Analog output
(1 sample)
B CAD :. 200

Volt control 1

Numeric 2

{11221

z][

@

Hinh 16: Giao dién di¢u khién mo
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Liquid Level System - FUZZY Controller
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200 Fypra— ‘ ‘ ‘
180 ‘ etpoin S!gna Settling time: 21 sec 4
= Process signal Steady error: 0,66%
E 160 - -
3 0 P ]
5 1200 | R
g 100 -
3
80+ -
60 L L L L
0] 50 100 150 200
Time (s)
10 ‘ T ‘
Fuzzy controller -
™
s \
05k pihm — = == R N — — m— = — ,,\ .
3 :MFLT“WEWT S T :/ A e }.f“‘f‘*@w@@%a i W s S W
g / /
Y -
- o
-10 . . . .
0] 50 100 150 200
Time (s)

Hinh 17: Két qua thwe nghiém véi by diéu khién mo

Nhan xét:

Ngd ra cia hé théng bam rit tt voi tin hiéu
tham chiéu vai thoi gian tdng va thoi gian xac lap

hop ly, twong ng 1a T, , =15(s)va
T, e = 21(s) dép (g vot 16 khong dang ké va sai

sO xac l1ap nhoe

ety — 0,60%0 , voi bién do dién ap
diéu khién ¢ giai doan xac lap c6 khoang dao dong
nhoé V.., =(—10,5V cho thdy ning lugng khi nén
duoc tiéu hao cho qué trinh diéu khién d6 déng mo
cia Actuator Control Valve muc rit thip twong
{g v6i hiéu suat van hanh cia hé thong diéu khién
& mirc t6i wu. Piéu nay thé hién dic tinh 6n dinh,
hiéu qua va dang tin cdy cta bd diéu khién mo.

Ngoai ra, dbi vai dang hé diéu khién muc chat
long, thoi gian dé dat dugc muc nudc yéu cau
trong bon phy thudc rat nhiéu vao luu lugng cung
cap. cb dinh ciia bom va luu lugng tiéu thy & van xa
nhiéu Z, khi luyu luong tiéu thu & van xa 16n thi thoi
gian dat dugc muc chat Iong trong bon s& ting 1én
1a tit yéu. Vi vay, thoi gian dap tmg cta hé thong

T, ing = 21(s) d& 1am nguoi quan sét hiéu nham la

hé diéu khién co dap ing cham.
2.12 Chit lwgng diéu khién ciia b diéu
khién PlImodity, PIDmodity va bg diéu khién mo

Két qua diéu khién thyc nghiém trén hé diéu khién
muc chét 1ong cong nghiép tuong mg véi cac bd
diéu khién Plyiodity, PIDmodity va b dicu khién mo,
duoc trinh bay trong Hinh 18 va Bang 5.

Bang 5: Chi tiéu chit lwong ciia bd didu khién PImodity, PIDmodity va bd diéu khién mo (Fuzzy logic)

Tinhi€u ¢ visu chét lwgng

Bo diéu khién

tham chiéu Plmodity PIDmodity Fuzzy
Thoi gian tang 7, , (sec) 15 15 15
100 Thoi gian xac 1ap T, (sec) 22 22 21
Y - 120 Dap tmg vot 16 E, ... (%) Khong dang ké
150 Sai s6 xéc 1ap E,,,,, (%) 1,33 1,57 0,6
110 Tin hiéu dién ap diéu khién trong giai
[-1,8;1,8] [-2;2] [-1;0,5]

doan xac lapU,,,,..,(V)

10
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Liquid Level System

Fuzzy

— Setpoint
& PID modify
£ 150 PI modify b
2 Ve \
o
3 ;
© 100 z{%}ﬁ ‘/ _
= &
ie)
.|

50 L | | | | ]

1 O0 50 100 150 200

Fuzzy ‘ ‘ ‘
Pl modify

. 5L - PID modify |- - _ _ _ _ _ _ _ _ _ _ _ M- ______
S 5 b
S osp Rasmcn- - I Rk
"E _'1 Yy ey i I | “hl ) 'W“ 1 [ I
8 2 § en T \Iw _
> I |\'

-5 rqH--—-—"——""—"—"—""=—"——-- :V ********** - " ***********************

| 1
|
10 | | | | |
0 50 100 150 200
Time (s)

Hinh 18: Két qua diéu khién véi cac b diéu khién Plmedity, PIDmodity va b diéu Khién mo

Nhan xét:

Tir két qua thuc nghiém cho théy cac bo diéu
khién Plnodity, PIDimogity va bo didu khlen mo da dap
ung dugc cac yéu cau dleu khién vé thoi gian dap
g, do vot 16 va sai s6 xac 1ap hop ly. Tuy nhién,
b6 diéu khién mo the hién duogc tinh t5i uu vé chi
s6 thoi gian xéc lap T, =21(s), sai sb xac lap

settling
nho E,., =0,6% va bién do cua dién ap diéu
khién trong giai doan xac lap thip nhat
Vo ==L0,5V  so vl cac bo dieu khién

Plmodify, PIDmodiy (dugc xdy dung béng phuong
phép Zieler-Nichols va tinh chinh bang thuc
nghiém).

3 KET LUAN

Két qua thyc nghiém trén mo hinh hé diéu
khién muc chét long cong nghiép da chi o thé
manh cta bo diéu khién mo vé kha niang cho phep
tinh chinh bo diéu kh1en dua trén sy am hiéu vé
ddc tinh van hanh thuc t& cua hé thong ma khong
can xac dinh mo hinh toan cia ddi tuong diéu
khién; hiéu qua cua bo diéu khién dwoc minh
ching qua cac chi s6 vé thoi gian ting, thoi gian
dép tmg, sai s6 xac 1ap va do 6n dinh cta hé thong
khi c6 nhiéu tic dong. Thém vao d6, bién do dao
dong cua dién ap diéu khién dat gia tri i thiéu
trong giai doan xac 1ap, cho thiy mirc ning luong
khi nén tiéu hao cho qua trinh diéu khién thap; diéu

11

nay dac biét hitu ich khi hé¢ thong van hanh lién tuc
trong khoang thoi gian dai. Két qua nay s& 1a tién
dé dé phat trién bo diéu khién mo ap dung rong rai
trong cac hé thong diéu khién, 6n dinh murc chat
long trong san xuat cong nghiép.
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