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V6 Khanh Thoai, Nguyén B¢ Quan

NANG CAO CHAT LUQNG PIEU KHIEN HE THONG VAN DIEU KHIEN —
BINH MUC BANG BU MO PID

IMPROVING THE CONTROL QUALITY OF VALVE - LEVEL TANK SYSTEM BASED ON
FUZZY PID CONTROL

V6 Khanh Thoai, Nguyén Pirc Quin
Trwong Cao ding Cong nghé, Pai hoc Pa Ning

Toém tat - Hé théng van - binh mirc 1a dbi tvong diéu khién quan
trong va phé bién trong hé diéu khién qua trinh. Bai béo trinh bay
két qua cua viéc ap dung b6 diéu khién logic m& lai PID (fuzzy PID
controller) dé didu khién hé théng van - binh murc khi hé théng co
tham s6 thay déi voi muc dich dap (ng cla hé théng lubn bam
theo quy dao chuan. Ban dau 1a viéc thiét ké& bd diéu khién PID cho
hé théng. Khi hé théng c6 tham sb  thay ddi: dai chét van didu khién
tang lén, nhiéu lwu lwong vao, nhiéu tai... bd diéu khién mo lai PID
dwoc thiét ké d& bu vao cac tham sé cho bo PID. Két qua m6 phong
trén Matlab — Simulink thé hién d&c tinh cta bo diéu khién PID cé
bu m& da thiét ké nang cao duoc chét Iuong diéu khién va dap
&rng tdt hon so véi bo diéu khién PID kinh dién.

T khéa - van didu khién; binh mtrc; dai chét; didu khién qua trinh;
bd diéu khién PID; diéu khién bu mo.

1. Pat vin dé

Van diéu khién 13 co ciu chép hanh rat quan trong va
pho bién trong hé thdng diéu khién qua trinh [1], [9] cho
phép diéu chinh luu lwong Iuu chit qua cac dudng dng dan.
Van diéu khién thong thudng co d6 chinh xac khong cao,
¢6 thé sai sb vi tri toi 5% do: dai chét (deadband), dai gt
(stickband) dai dién cho hanh vi ctia van khi n6 khong di
chuyén, mic du diu vao van tiép tuc thay ddi, truot nhay
(slip-jump) do su giai phong thé nang dugc du trit trong
khoang ma sat tinh con 16n gilt van khong di chuyén, gy
ra sy thay ddi dot ngot gia tri dau ra van, do ma sat, ap suat
Iuu chat thay doi ciing nhu do dic tinh phi tuyén ciia co ché
chap hanh [17, [2], [3].

Déi voi cac phuong phap diéu khién kinh dién thi ta
phai biét chinh x4c cac thong sé va kiéu cua déi trong can
diéu khién. Trudng hop thong sé cua ddi twong diéu khién
thay d6i thi cac phuong phap diéu khién kinh dién kho thuc
hién. Dé khic phuc dugc nhuoc diém trén, diéu khién logic
mo s 1a mot giai phap.

B6 diéu khién mo ra doi trén co s6 tng dung logic mo,
12 mot bo diéu khién thong minh, hién dang dong vai tro
quan trong trong cac hé thong diéu khién hién dai, vi n6
dap tng tot cac chi tiéu k¥ thuat, tinh bén viing va 6n dinh
cao, dé thay ddi, dé lap trinh.

Bai bao nay trinh bay két qua ctia phuong 4n bi mo PID
cho hé thdng van diéu khién - binh mirc c6 dai chét van thay
d6i, nhi€u luu lugng luu chat dau vao va nhidu tai dau ra.

2. Két qua nghién ctru va khao sat
2.1. Hé thong quad trinh mikc

He¢ thdng gdm binh mirc hinh try voi chiéu cao 92cm,
duong kinh day 20cm, cam bién mic do theo ki€u chénh
ap suat, binh chira va bom dé€ cung cap luu chat vao, van

Abstract - Control valve - level tank system is an important and
popular controlled object in the process control system. This paper
presents the design of a new fuzzy logic PID hybrid controller to
control valve - level tank system when it has parameter changes
for the purpose of the system response of always following
standard trajectory. PID controller is developed by first describing
the continous-time linear PID control law. When system
parameters change: dead band control valve increases; there
appear flow noise and loading interference... Therefore, PID hybrid
fuzzy controller is designed to compensate for the PID parameters.
The simulation results in Matlab - Simulink show that the new PID
controller with offset dim improves control quality and responds
better than the classical PID controller.

Key words - control valve; level tank; deadband; process control
system; PID controller; Fuzzy PID controller.

diéu khién, thiét bj chuyén d6i dong dién thanh ap sut, van
tay, hé thong duong dng tron véi dudng kinh trung binh
2cm (Hinh 1). Bai toan dat ra 1 diéu khién van dé diéu
chinh luu lwong chét 16ng (nuée, dau, luu chét...), dé cho
d6 cao chat 16ng trong binh murc luén én dinh, khong d6i
hodc theo mdt diém dat trude dé dam bao cung cép chinh
xéc lugng chat 1ong cho cac qua trinh cong nghiép nhu san
xuit thudc, chung cét, tinh luyén... cho du hé thdng c6
tham s thay doi.
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Hinh 1. H¢ thong qud trinh mirc cht long
Theo [8] ta c6 phuong trinh dong hoc ciia binh mirc chat

long:
-1
h= Z(Qi

trong do:

~ K \gh)

K, :hé s6 luu luwong qua van;
¢i :luu lugng vao binh chita [m3/s];
: dién tich cat ngang binh chira [m?];
h : dao ham chidu cao cot chét 1ong (mirc) [m].
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Luu lugng chat 1ong qua van nhu mot khau tich phan
1/s va phu thudc vao hé s6 m& van Kv. Tuy nhién, khi dai
chét van tang, mac du da co tin hiéu diéu khién du 16n
nhung van khéng md, do d6 trén Simulink [7] ta thém vao
mot khau Dead Zone, do d6 Van diéu khién dugc mé hinh
hoa trén nhu Hinh 2 con Binh mirc thé hién trén Hinh 3.
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Hinh 3. Mo hinh héa binh mirc trén Simulink
2.2. B diéu khién PID
Phuong phép Ziegler-Nichols thir nhét [6] 4p dung cho

chc dbi twong c6 dap ting d6i véi tin hiéu vao 1a ham nic
¢6 dang chir S Hinh 4.

. bt

Ty Tz t

Hinh 4. Ddp img ndc cia hé hé ¢6 dang S

Str dung mo hinh nay cho hé thong ta thu duoc dap tng
nhu Hinh 5.

E] ] [} E) 100 Ed

Hinh 5. Pdp img qud dg ciia hé thong
Dua vao dap tng qua do nhu Hinh 5 ta c6 dugc k =
0,92; T1=0,5; T2 = 24. Vi trong ban than ddi tugng da co
khau tich phan nén trong bo diéu khién khong can phai c¢6
thém khau tich phan méi triét ti€u sai 1¢ch tinh. Do do, chon
b6 diéu khién P va PID v&i cac tham sé nhu trong Bang 1.

héng sb
kp T Tp
BBbK
P 52,1739 - -
PID 62,6087 1,4000 0,3500

Bing 1. Cic tham s6 PID diéu khién qud trinh
2.3. Sw cin thiét phdi diing bé diéu khién mo

V6i b diéu khién PID da thiét ké, muc trong binh dat
dung yéu cau dat ra, h¢ thong hoat dong 6n dinh. Tuy nhién
trong qua trinh hoat dong, thong so van dicu khién cua hé
thong 6 the thay doi (nhu da néu ¢ Muc 1), cac tham so
cua bo PID da thict ké khong con chinh xac nira.

Nhin vao dap tmg ctia hé thong (Hinh 6), ta thdy khi dai
chét ciia van ting 1én dap tmg c6 do vot 16 tang, sai s cling
tang Ién, dap ing chdm. Do véy ta can hiéu chinh cac théng
s0 cua bg diéu khién PID d€ diéu chinh vi tri van phu hop
nham néng cao chat lugng di€u khién hé thong, dap ng
cac nhu cau cao vé yéu cau ky thuat, cong nghé.

Phuong phap diéu khién dugc dé xuit la ding bd diéu
khién bu mo PID (mo lai PID).
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Hinh 6. Pdp img so sanh khi c6 ddi chét ting
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2.4. H¢ diéu khién mo lai PID

Logic mo (Fuzzy logic) 1a dya trén thong tin khong
dugc day du hoac khong chinh xdc, con ngudi suy luan dua
ra cach xu 1y va diéu khién chinh xac hé¢ thong phuce tap
hodc doi tuong ma trude day chua giai quyét dugc.

Diéu khién mo st dung kinh nghiém van hanh déi
tuong va cac xu ly di€u khién cua cic chuyén gia trong
th}lét tpén dicu khién, do vay h¢ diéu khién plf)' 1a mo6t buédce
tién gan hon t6i tw duy cua con nguoi. Dong thoi khi hé
thong c6 tham so thay doi, khong xéac dinh chinh xac thi
diéu khién mo 1a mot sy lya chon.

_Hg diéu khién mo lai (Fuzzy- hybrid) 1a mt hé thong
dicu khién ty dong, trong d6 thict bi di€u khien bao gom
hai thanh phan:

- Thiét bi diéu khién rd (thuong 1a bo diéu khién PID
kinh dién);

- Thiét b diéu khién mo (Fuzzy Control).

2.4.1. B diéu khién mo PID kiéu cascade dang 1
Céu truc bo diéu khién duoc biéu dién nhu Hinh 7a.
Thuét toan ctia bd didu khién mo PID dang 1 [4] 1a:
Ugk = Upp + UFuzzy

DKHT PID Fu zzy/F e

L] DK_HT_PID. Fuzzy/Fuzzy PID1*
Ele Edt View S P

g@m“

0| & ﬂ 9 &= 4 > po0 [Nomal

Dnﬂé - ~}9 > om0 [Nomal

a. Dang 1

Hinh 7. Céu triic hé mo lai cascade
2.4.2. B diéu khién mo PID kiéu cascade dang 2
Céu trac b didu khién duoc biéu dién nhu Hinh 7b,
trong do cac dai luong dau vao cua hé mo 1a tin hiéu sai
Iéch e, dao ham cua tin hi¢u ra dy/dt. Thuat toan cia bo
diéu khién mo PID dang 2 [11] la:
uae = fle).upip + [1-f(€)] uruzzy
Trong do f(e) dugc chon la 1a ham u? binh phuong theo
sailéch (0< f(e) < 1), néusai l¢ch cang den 1 thi PID lam
vi€c chinh, con f(e) cang nhd thi Fuzzy lam viéc chinh.

3. Két quaz mé phéng hé théng va nhéan xét
3.1. M6 hinh héa hé théng

Tir nhitng yéu cu dit ra va cac thong sé ban dau, tién
hanh mo hinh héa trén Simulink nhu Hinh 8.
3.1.1. Xdc dinh tdp mo

Bo diéu khién mo gém hai du vao sai léch ET, dao
ham DH va mot dau ra VA. Sai 1éch ET dugc chon trong
mién gia tri [-1;+1]; dao ham DH theo muc dugc chon

trong mién gia tri [-0,1;+0,1]; ddu ra VA ¢6 mién gia tri
trong khoang [-1;+1].

- OKIT_PID Fuzzy =ors
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T
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Hinh 8. M6 hinh héa hé thong khi dimg bit mo
3.1.2. Xac dinh ham lién thuoc

- Céc dau vao ET, DH, dau ra VA ciing nhu luat diéu
khlen thé hién trén Hinh 9.

c. Pau ra VA d. Ludgt diéu khién
Hinh 9. Céc ham lién thugc va ludt diéu khién
3.1.3. Xdy dung cdc ludt diéu khién (Hinh 11d)

Dua vao ban chit vat ly, kinl} nghi@m Va‘lﬂdua vao dic
tinh qua d¢ thuong gap cua h¢ thong di€u khién dung PID,
xay dung luat diéu khién nhu sau:

Néu ET 1a khong thi VA khong d6i;

Néu ET 1a duong thi VA mé nhanh;

Néu ET 1a 4m thi VA déng nhanh;

Néu ET 14 khong va DH 1a dwong thi VA déng cham;

Néu ET 1a khong va DH 1a 4m thi VA mo cham.

Luat diéu khién‘ va mo ta bé mat quan h¢ gitra cac dau
vao va ra ctia bg dieu khién mo thé hién trén Hinh 10.
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a. Ludt diéu khién b. Bé mat bé diéu khién
Hinh 10. Ludt diéu khién va bé mat bé diéu khién mo
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3.2. Két qui mé phéng hé thong va nhin xét
3.2.1. Truong hop chwa c6 ddi chét

Hinh 11 13 két qua so sanh dap ung cta hé thong khi
dung PID va dung logic mo trong truong hop chua cé su
thay ddi vé dai chét. Tin hiéu dat ddu vao thay doi tir 0 1én
60cm, sau do xuéng 40cm va sau do6 1én lai 60cm. Ca ba
duong dap trng khi dung PID, PID bu mo dang 1, PID bu
mo dang 2 chdng khit nhau, diéu nay ching t6 14 ca PID va
PID bt mo déu cho dép tng ciia hé thdng t6t, sai s rat nho
khoang 1,0 -2,0mm, sai s x4c 14p gan tién dén 0, mtrc nudc
& binh bam mure dat tdt.

07

g 0 50 m 0 E)

Hinh 11. Dép iimg hé thong dimg bg diéu khién PID va PID bii
mo (hé Iy tuong)
3.2.2. Truong hop ddi chét tang lén

Gia str dai chét cua van ¢6 gid tri (-0.5 + 0.5), ta tiép tuc
xem x¢ét dap g cua hé thong.

Khi h¢ théng co thay doi vé dai chét, bo diéu khién chi
dung PID ciing cho dap tng tot (Hinh 12), tuy nhién sai s6
da tang lén.

Khi ¢6 st dung bo bu mo PID, mirc nude trong binh
bam theo murc dit tot hon, sai s0 nho hon, fuzzy 1: 3,0mm,
fuzzy 2: ‘O,Smrp, PID 7,0 -’8,0mm (Hinh 13), do d6 chat
luong di€u khién cua hé thong khi stir dung bo bu mo PID
tot ’honr kl}i chi st dung PID. Cac bo diéu khién bu mo da
thict ké déu hoat dong 6n dinh.

° 50 100 150 200 250 300

Hinh 12. Pap iing h¢ thong ding bj diéu khién mo PID
(dai cheét tang)
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Hinh 13. Sai s6 hé thong ding b diéu khién mo PID
(dai chet tang)

3.2.3. Truong hop vira thay doi dai chét, nhiéu tai

Khi dai chét ting 1én (-0.5 + 0.5), ddng thdi cho nhidu
tai (van xa binh & du ra) bang cach thay d6i hé sb Kv dwoc
mo ta bang thanh truot ngdu nhién c6 gia trj tir 0 — 0.0018
& cac thoi diém bét ky... dua vao hé thdng nhu Hinh 3, ta
c6 dap tng 6 Hinh 14 va Hinh 15.
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Hinh 14. Ddp iing hé thong ding bj diéu khién mo PID
(co ddi chét tang va nhieu tai)

— — Set
PID

Fuzzy PID 1
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Hinh 15. Sai 56 hé thong diing b¢ diéu khién mo PID
(khi dai chét tang va nhiéu tai)
3.2.4. Truong hop vira thay doi dai chét, nhiéu dau vao
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Hinh 16. Pap iimg hé thong ding bo diéu khién mo PID
(co ddi chet tang va nhiéu luu lwong vao)
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Hinh 17. Sai s6 hé thong ding b6 diéu khién mo PID
(c6 dai chét tang va nhiéu luu lwong vao)
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Khi dai chét ting 1én, dong thoi cho nhidu dau vao
(nhiéu Iuu lwong luu chit cung cap) duoc mo ta bang thanh
trugt ngau nhién c6 gia tri tir 0 — 0.002 & cac thoi diém bét
ky... dua vao hé théng nhu Hinh 2, ta co dap ing ¢ Hinh
16 va Hinh 17. RS rang 1a khi luu luong dau vao thay d6i
ngau nhién, sai s trong dap ing murc trong binh da ting
1én rat nhiéu, tuy nhién bo PID c6 bu md van dat cac chi
tiéu v& mit chit luong hon chi dung PID.

4. Két luan

Phuong an sir dung phuong phap bi mo PID da khic
phuc dugc nhuoc diém ctia b diéu khién kinh dién, do 1a
kha nang 6n dinh bén virng trude sy thay dbi cua cac tham
sO: dai chét ciia van diéu khién, van xa dau ra, luu luong
luu chit & dau vao... BO didu khién bu mo PID da thiét ké
hoat ddng hi¢u qua. Su két hop gitra bd diéu khién truyén
théng kinh dién va bd diéu khién thong minh tao ra cac bd
didu khién lai mang lai nhitng két qua thuan loi, ning cao
dugc chat lwong diéu khién hé thong.
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