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ABSTRACT

This study aims to design and apply a fuzzy controller on the RT040 Gunt-
Hamburg Temperature Control Unit. The controller consists of a traditional Pl
controller and a fuzzy reasoning. The PI part is the main controller and the
fuzzy reasoning part is used for tuning the parameters of the PI controller
around the Ziegler-Nichols values, so called the fuzzy PI controller.
Experimental results showed that the proposed fuzzy PI controller has suitable
rise time and settling time, no overshoots, and zero steady-state errors. It is also
adapting to the change of the system by noises better than the traditional PI
controller.

TOM TAT

Nghién civu nay nham muc tiéu thiét ké va kiém nghiém b diéu mo dp dung cho
hé én dinh nhiét do RT040 cua hang Gunt-Hamburg, Puc. B diéu khién bao
go”‘m hai thanh phdn, dé 1o mot bé diéu khién PI kinh dién va mét bo Suy dién
mo. Trong dé, bg diéu khién PI giit vai tro la bé diéu khién chinh dé kiém sodt
doi twong va bé suy dién mo ding dé tinh chinh thong sé ciia by diéu khién PI
xung quanh gid tri kinh dién thu dwoc tir phicong phdp thwe nghiém Ziegler-
Nichols, goi chung la bo diéu khién PI mo. Két qua thuc nghiém trén hé RT040
cho thdy b¢ diéu khién PI mo da thiét ké cho dap img voi thoi gian tang va thoi
gian xdc ldp hop Iy, khong xudt hién vot 16 va sai sé xdc lap dwoc triét tiéu.
Ngodi ra, bo diéu khién PI mo ciing thich nghi 16t hon véi su tic déng ciia
nhiéu 1én hé thong 50 v6i bé diéu khién PI kinh dién.

1 GIOI THIEU

khién thich nghi véi sy thay d6i cua doi tuong
hodc véi su tac dong cua cac diéu kién bén ngoai

Véi cau tric don gian, kha ning diéu khién
hiéu qua va pham vi ung dung rong nén bo didu
khién tich phan ti 18, goi tat 1a bo diéu khién PI
(Proportional-Integral controller) dugc sir dung
phé bién trong cong nghiép (Johnson, M.A. and
M.H. Moradi, 2005; Leonid Reznik, 1997). Tuy
nhién, véi viéc thiét 1ap cac hé sb cua bo didu
khién PI ¢6 dinh, trong nhiéu trudng hop nd to ra
kém hiéu qua khi dac tinh dong cua dédi tuong
thay d6i (Jan Jantzen, 1998). Van d& dit ra la lam
thé nao dé co thé thay ddi tham sé cua bo diéu
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mot cach don gian va hiéu qua. Ngoai ra, mft van
dé can quan tdm nita d6 1a viéc chinh dinh bo diéu
khién PI trong truong hop nay chi can dua trén
su bién ddi dap ung cia hé théng ma khong can
biét trude phuong trinh toan cua dbi tuong, vbn
kho dat dugc mot cach chinh xac trong thuc té
(Schleicher, M. and F. Blasinger, 2003).

Trong quéa trinh phat trién cac ky thuat diéu
khién thong minh, logic m¢ dugc ung dung thanh
cong trong nhi€u linh vyc véi vai tro cia mot bo
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quan sat. Co ché suy dién mo duge xem 1a mot
phuong phap don gian va hiéu qua dé tinh chinh
cac bo diéu khién kinh dién (Leonid Reznik,
1997; Jan Jantzen, 1998).

~ Nghién ctru nay st dung mot by quan sat mo
dé xac dinh tham s cua bo diéu khién PI, goi tat
12 bo diéu khién PI mo, ap dung cho hé 6n dinh
nhi¢t d0 RT040 cta hang Gunt-Hamburg, Duc
(G.U.N.T. Geridtebau GmbH, 2004). Nghién ctru
nam trong chudi hoat dong nd luc bién phong thi
nghiém Diéu khién qué trinh c6 dién, thudc Bo
mon Ty dong hoa, Khoa Cong nghé, Truong Pai
hoc Can Tho tré thanh moét phong thi nghiém diéu
khién théng minh, voi co ché didu khién mo cb
kiém ching trén thiét bi thuc té.
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2 PHUONG PHAP NGHIEN CUU
2.1 Phuong tién nghién ciru

B6 diéu khién PI md trong nghién ciru nay la
su két hop gitra bo diéu khién PI kinh dién va bo
suy dién mo. Bo diéu khién duogc thiét 1ap trén
phin mém MATLAB/ Simulink, phién ban sinh
vién 2012a va cong cu logic mo (Fuzzy Logic
Toolbox). Bo diéu khién duoc thuc nghiém trén
hé 6n dinh nhiét d6 RT040 cua hing Gunt—
Hamburg, véi céu tric diéu khién duoc thiét lap
nhu Hinh 1. Trong d6, dbi twong diéu khién 1 h¢
6n dinh nhiét d6 RT040, voi X 1a dap ung thuc té
cua doi tugng, Xeer 12 tin hi€u tham khao, e 1a sai
biét giita Xeer va X, va Y 1a tin hiéu diéu khién
dugc xéc lap boi bo diéu khién PI mo.

Xt £\ €

K;

£ B0 dicu khién

Y | Déi tuong | X

diéu khién

>
>

PI

B0 suy dién mo

Hinh 1: Mb hinh tdng quat ciia hé thong diéu khién

2.1  Bj diéu khién PI kinh dién

B diéu khién PI duoc thyuc hién boi (Johnson
M.A. & M.H. Moradi, 2005):
t
Y(t)=K ,e(t)+K,[e(t)dt
0 (D
e(t)=X,p(1)-X(1)

v6i K, va K; 1an luot 1a d6 loi ti 16 va do loi
tich phan cua bo diéu khién. So d6 diéu khién PI
kinh dién duoc thyc hién nhu Hinh 2. Nhiém vu
ciia ngudi thiét ké bo didu khién 13 xac dinh
bo gia tri (K, K} thoa yéu cau vé chat lugng
diéu khién.

Href

2.1 B diéu khién PI mo

sto [T "
- o =I"IZI
- > Vi >
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Hinh 2: Didu khién PI kinh dién
e Kp
B6 diéu khién md nhdm muc tiéu cung cap cip Y qu;y_RT(MO K.
gié tri {K,, Ki} cho b didu khién PI, dya theo diéu (mamdani)  f—u_y
kién hién tai cia {e, Y}. BO didu khién mo s& ¢6 2 15 rules

ngd vao va 2 ngo ra, nhu Hinh 3.
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Hinh 3: Céu triic bd diéu khién mo
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O céu triic Hinh 3, qua thuc nghiém, ngd vao
thir nhét cua bd diéu khién mo 13 e, duge mo hoa
boi 5 tap {NB, NS, ZE, PS, PB} va ngd vao tha
hai 1a Y, dugc mo héa boi 3 tap {LOW, MED,
HIG}, xem Hinh 4a va 4b. Trong do, NB la am
nhiéu, NS 13 4m it, ZE 14 zero, PS la duong it, PB
1a duong nhidu, LOW 1a thip, MED 1a vira va
HIG 1a cao. Dang ham lién thudc cta cac tdp mo
ngd vao la ham Gauss, dugc xac dinh trong
khoang ee[ 30,30], Ye<[-100,100]. Hai ngd ra
clia by diéu khién mo lan luot 1a K, va K; déu
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dugc mo hoa boi 5 tdp {VLOW, LOW, MED,
HIG,VHIG}, Hinh 4c¢ va 4d. Trong 46, VLOW la
rat thap, LOW 1a thap, MED la vira, HIG 1a cao
va VHIG la rit cao. Dang ham lién thudc cua cac
tdp mo ngd ra la dang tam giac, dugc xac dinh
trong khoing K €[10,20], K, €[0.02,0.04].

Céc gioi han vat ly cua K, va K; dugc chon du
rong xung quanh gia tri thyc nghiém Ziegler—
Nichols, da duogc trinh bay tai (Nguyen Chi Ngon,
2011).
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d)

Hinh 4: Ham lién thudc ng6 vao va ngé ra ciia by dieu khién mo

Dua vao céc ddc tinh co ban ciia b diéu khién
PI (Ogata, 2009), cac luét didu khién mo dwoc
thiét ké thong qua thyc nghiém nhu trong Bang 1.
Nguyén tic xdy dung bo luat diéu khién duoc md
ta nhu sau: néu thoi gian tang cua dap ung lon,
tirc dap ung cia hé thong cham (e=NB, NS), thi
K, va K; dugc hi¢u chinh tang bdi {HIG, VHIG}.
Nguoc lai, néu thoi gian ting cua dap ung nho,
tirc dap Ung ctia hé thong nhanh (e=PS, PB) thi K,
va K; dugc hi€u chinh giam boi {MED, LOW}.
Néu dép ung bi vot 16 (e=PS, PB) thi K, va K;
dugc giam xudng boi {LOW, VLOW}. Mot luat
diéu khién cu thé duoc phat biéu nhu (2). B luat
duoc ap dung dé tao ra tin hiéu diéu khién tai mdi
thoi diém ldy miu, voi thoi gian ldy méu la
T=0,5 gidy. Ngd vao Y cha yéu déng vai tro hd

trg bo diéu khién ra quyét dinh trong thoi gian qua
d6. O thoi diém xéc 1ap, gan nhu ludn nhan dugc
Y=MED, liic ndy ngd ra cia bo didu khién mo
chu yéu tiry thude ngd vao e. O thoi diém quéa do,
trang thai tin hiéu diéu khién Y=HIGH (dang
tang) hay Y=LOW (dang giam) 1a co so dé tinh
chinh by ludt didu khién, nhdm dat dugc chat
luong diéu khién t6t nht.

Bang 1: Luit diéu khién

Ko/Ki Y
LOW MED HIGH

NB VHIGH/HIGH HIGH/MED LOW/HIGH
NS HIGH/MED MED/LOW LOW/MED
ZE MED/LOW LOW/VLOW VLOW/LOW
e PS MED/VLOW MED/LOW LOW/VLOW
PB  MED/MED LOW/VLOW LOW/MED
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If e=NS and Y=MED Then K,=MED and

K=LOW 2

Co ché suy dién mo dugc chon 1a MAX-
PROD va giai mo theo nguyén ly trung binh cua
phuong phap cuc dai, dugc xac dinh boi (3):

R
2.biu

kpxi}:%

Zﬂi
i=1

3)

v6i b va w; 1an luot 1a hoanh d6 diém trung
binh va gia tri ciia ham lién thudc ngd ra xac dinh
boi lut thir i trong R luat tic dong tai thoi diém
xem xét.

3 KET QUA THUC NGHIEM

Bo diéu khién PI mo duogc thyc nghiém trén hé
on dinh nhiét d6 RT040 cua hang Gunt-Hamburg,
Pirc. Hé RT040 c6 cdu trac nhu Hinh 5Sa, gém cac
ngd vao-ra nhu sau: Y 13 cong sudt ciia bd nung
néu 0<Y<100% hoic la cong suét bo lam lanh néu
-100%<Y<0; Z la cong suit cua quat tan nhiét
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Z€[0,100%]; X1, X2, X3 1a nhiét 46 dap ung cua
h¢ tuong tmg v6i 3 vi tri cam bién, nhu Hinh 5b.
So db diéu khién duoc thiét lap nhu Hinh 6, voi
mién xac dinh cua cac bién vao-ra, dic biét la K,
va K; dugc xac dinh di rong xung quanh gia tri
Ziegler—Nichols, nhu sau:

e€[-30, 30] ; Y € [-100, 100]; K, € [10, 20];
K € [0.02, 0.04]

O day ngd ra X; duoc dung dé minh hoa dép
tmg cua hé thng. Vi cong sudt cia quat tan
nhiét (gia lap nhiéu tic dong) lan lugt dit &
Z=100% (cong suat quat téi da), Z=50% (1/2
cong suit), Z=0% (quat khong hoat dong). Thuc
nghiém duoc tién hanh v6i ca hai by diéu khién 1a
bd diéu khién PI kinh dién va b diéu khién PI mo
tmg véi sy bién thién cua Z, twong ung cho két
qua nhu Hinh 7, Hinh 8 va Hinh 9. O day, Xtuzzy
ky hiéu cho dép umg cua hé thong khi ap dung bod
didu khién PI mo va X, ky hiéu cho dap tmg cta
hé théng trong truong hop ap dung bo diéu khién
PI kinh dién. Chét luong vuot troi cia bd didu
khién PI mo so vdi bo didu khién PI kinh dién
{mg v&i sy thay ddi ciia nhidu, khi X,=35°C dugc
so sanh nhu Bang 2.
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Hinh 6: So' d6 diéu khién PI mo hé 6n dinh nhiét d9 RT040

21



Tap chi Khoa hoc Truong Pai hoc Cén Tho

Phén A: Khoa hoc Tw nhién, Céng nghé va M6i truong: 27 (2013): 18-24

Fuzzy PI Control RT040

40 ‘
3 3B [T R AT T
o i /gﬁj .
= T T < ——
£ 30 -2 " oruch o Xef |
é- Xfuzzy
g 25 7 I Xpi il

20 \ \ \ \ \

0 500 1000 1500 2000 2500 3000
Time (s)
100
Y
80+ fuzzy

60

40

Heating/Cooling Power(%)

20
L TS s iy N
0 | | | | |
0 500 1000 1500 2000 2500 3000
Time (s)
Hinh 7: So sanh két qua diéu khién h¢ 6n dinh nhi¢t do RT040 véi Z=100%
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Hinh 8: So sanh két qua diéu khién h¢ 6n dinh nhiét dd RT040 véi Z=50%
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Fuzzy PI Control RT040
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Hinh 9: So sanh két qua diéu khién h¢ 6n dinh nhi¢t dd RT040 véi Z=0%

Bang 2: Cac thong sé vé chit lwong ciia bd diéu khién

Bé didu khién PI mo Bé diéu khién PI kinh dién
7=100% 7=50% 7=0% 7=100% 7=50% 7=0%
Thoi gian tang (s) 600 400 350 1000 1100 1000
Thoi gian xac 1ap (s) 750 500 450 1200 1300 1200
Sai s xac lap (°C) 0 0 0 1 1 1
Do vot 16 (°C) 0 0 0 0 0 0

hop ly; dap mg khong c6 vot 16 cung nhu triét
tiéu dugc sai s6 xac 1ap. So vai bd diéu khién PI
kinh dién thi bo diéu khién PI mo thich tng t6t
hon dudi sy tdc dong lam thay ddi dic tinh dong
ciia d6i tuong. Cung véi két qua cong bd tai
(Nguyen Chi Ngon, 2011), nghién ctru nay gop
phan hoan thién viéc chuyén d6i phong thi
nghiém diéu khién qua trinh v6i k§ thuat didu
) khién PID kinh dién cua don vi, tré thanh mot
4 KET LUAN phong thi nghiém théng minh véi ky thuat didu
khién mo.

Tir Bang 2 ta thiy bo diéu khién PI mo thich
mg t6t hon so v&i bo didu khién PI kinh dién,
dudi tac dong cua nhifu. Cu thé, ta thdy b didu
khién PI mo c6 thoi gian ting va thoi gian xéac lap
nhanh hon bo diéu khién PI kinh dién. Ngoai ra,
bo diéu khién PI mo triét tiéu duoc sai sb xac 1ap
cling nhu khoéng c6 d vot 16, con bo diéu khién
PI kinh dién thi c¢6 sai s6 xac 1ap khoang 1°C.

Qua thyc nghiém, ta thiy bo diéu khién PI mo
da thiét ké hoat dong t5t trén hé 6n dinh nhiét 6 TAI LIEU THAM KHAO
RT040. K§ thuat dieu khién ndy c6 wu diém 1a = ;1 Geritebau GmbH, 2004. Experiment

thl?t ke Ya thye hl?n b('); quaP Sat,mG Ad(m glan n}a Instructions - RT 010 - RT 060 Principles of
k}}fmg can ‘1‘32‘“ tag1 denA’ cau :[ruc bén trF)Ang cua Control Engineering. Barsbiittel Germany,
doi tugng dicu khién. Két qua thuc nghiém cho Publication-no.: 918.000 00 A 0X0 02 (A).

thdy dap ung cia thiét bi RT040 bam tdt tin hiéu
tham khao véi thoi gian tang va thoi gian xac 1ap
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