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BOQ PIEU KHIEN PI MO: TU THIET KE PEN UNG DUNG
Nguyén Chi Ngon'

ABSTRACT

The article presents an online fuzzy tuning technique for a PI controller (proportional—
integral controller) with wide enough tuning ranges around parameters obtained from
Ziegler-Nichols tuning method. A hybrid control structure combining a PI controller and
a fuzzy controller is established, where the PI controller plays a role of main controller to
generate control signal and the fuzzy controller acts as a supervisor for real-time
providing parameters of the PI controller. Experiments on Gunt-Hamburg RT010, RT020
and RT030 process control units indicate that the proposed controller is effective. System
responses have suitable rising and settling times with negligible overshoots and zero
steady-state errors. Besides, this controller also satisfies the requirements of real-time
response and stability under condition of disturbances on the control system.

Keywords: PI controller, Fuzzy controller, Ziegler-Nichols, Process Control
Title: Fuzzy PI Controller: from Design to Application

TOM TAT

Bai bdo nay trinh bay mot phwong phdp tinh chinh online thong 56 ctia bg diéu khién PI
(Proportional—Integral controller), voi khodng tinh chinh di rong xung quanh gia tri dat
dugc tir phwong phap thuc nghiém Ziegler-Nichols, bang ky thudt logic mo. Cau triic diéu
khién lai bao gom mot bo diéu khién PI va mét b diéu khién mo dwoc thiét lap. Trong
do, bo diéu khién PI giir vai tro la bo diéu khién chinh, tao tin hiéu diéu khién doi twong
va b diéu khién mo giir vai tro la bé quan sdt, cung ccfp théng sé phit hop cho bé diéu
khién PI theo thoi gian thwc. Két qua thwc nghiém trén cac thiét bi RT010, RT020 va
RT030 cua hang Gunt-Hamburg cho thdy bé diéu khién duoc dé xudt 16 ra hiéu qua; dap
ung cua cdc thiét bi ¢6 thoi gian ting va thoi gian xdc ldp hop Iy, vot 16 khong dang ke va
sai s6 xdc ldp dugc triét tiéu. Ngoai ra, bo diéu khién con dap ing dwoc yéu cau vé thoi
gian thyc va su én dinh trude tac dong cua nhiéu vao hé thong

Tir khéa: B diéu khién PI, B diéu khién mo, Ziegler-Nichols, Diéu khién qud trinh

1 GIOI THIEU

Ngay nay bo diéu khién tich phan ti 1¢, goi tat 1a bo didu khién PI (Proportional—
Integral controller) dugc ing dung rat pho bién trong diéu khién cac qua trinh cong
nghiép, do kha ning diéu khién hiéu qua, cdu triac don gian va pham vi tmg dung rong
(Salami, M. and G. Cain, 1995; Kanagaraj, N., P. Sivashanmugam, and S. Param-
sivam, 2008). Trong ly thuyet diéu khién, co rat nhiéu phuong phap dé hiéu chinh
théng sb cta bo diéu khién PL, pho bién nhét 1a phuong phap Zlegler-Nlchols (Kwok,
D.P. & P. Wang, 1992). Tuy nhién, d6i v6i mot sb hé thdng, viéc hiéu chinh bd diéu
khién PI bang phuong phap nay doi hoi mot qua trinh thye nghiém kha mat thoi gian
(Jones A.H. & P.B.M. Oliveira, 1995). Thong thuong, cac thong sb cta b diéu khién
duoc xac lap bang phuong phap Ziegler-Nichols dua trén két qua do dac duogc tir dap
{mg cua hé théng. Tuy nhién, do anh huéng ctia nhidu va sai s6 ctia phép do, dan dén
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viéc hi€u chinh thong s6 cua bo diéu khién PI kho dat duge gia tri tét. Vi vay, mot qua
trinh tinh chinh duge thuc hién trude khi 4p dung b diéu khién vao hé théng (Kwok,
D.P. & P. Wang, 1992).

Vé nguyén tic, co hai kiéu tinh chinh bo diéu khién PI da duoc nghién ctru va trién
khai g dung. D6 13, tinh chinh ngay trong qué trinh hoat dong ctia hé thong (goi tat
1a tinh chinh online) va tinh chinh trong lic tit h¢ thong hodc chi cho hé théng van
hanh mot thoi gian nhat dinh (goi tit 14 tinh chinh offline). Trong d6, ap dung giai
thuat di truyén duoc xem 1a mot phuong phap hiéu qua dé tinh chinh off-line bo diéu
khién (Singh, R. & 1. Sen, 2004; Salami et al., 1995; Kwok et al., 1992). Tuy nhién,
viée tim kiém truc tiép cac gia tri toi wu cia cac thong s6 bo diéu khién trong mién
xac dinh ctia ching doi hoi rat nhiéu thoi gian, cling nhu c6 thé phai can dén mé hinh
toan ctia dbi tuong (Nguyén Chi Ngon, 2008; Mitsukura ez al., 1997). Trong khuynh
hudng phat trién cong nghiép ngay nay, cac qua trinh thiét bi doi hoi viéc tur dong diéu
chinh mét cach hiéu qua, trong pham vi hoat dong rong, cung voi viée thiét ké va thi
cong bo diéu khién don gian. Tinh chinh online b diéu khién PI bang cac giai thuat
thong minh duge xem la mot trong nhiéu cach thuc dé dat dugc yéu cau nay
(Kanagaraj et al., 2008). Trong s cac k¥ thuat diéu khién thong minh, logic mo ndi
1én nhu 1a mot phuong phap thé hién kha ning suy dién cta b 6¢ con nguoi va no da
duoc tng dung thanh cong trong nhiéu linh vyuc vdi vai trd cia mot bo quan sat (Er,
M.J. and Y.L. Sun, 2001). Co ché suy dién m& duge xem 1a mot phuong phap don
gian va hiru hiéu dé tinh chinh cac bo diéu khién kinh dién (Kanagaraj et al., 2008).
Bai bao md ta phuong phap tinh chinh online thong s0 ctia bo diéu khién PI xung
quanh gid tri kinh dién dat dugc tir phuong phép Ziegler-Nichols, bang ky thuat logic
mo. Thong sb ciia bd diéu khién PI dugc quyét dinh boi bo didu khién mo, dia trén
diéu kién hoat dong hién tai cia dbi tuong. O day, céu trac hé théng bao gf”)m hai bo
diéu khién, con duogc goi 1a cau triic diéu khién lai. Bo diéu khién PI giir vai tro 1a bo
diéu khién chinh, tao tin hiéu diéu khién d6i tugng va bd diéu khién mo giit vai tro 1a
bd quan sat, cung cap thong s phu hop cho bd didu khién PI theo thoi gian thuc. Vi
thé, dé don gian hai bo diéu khién nay duoc goi 1a bo diéu khién PI mo. Hiéu qua cia
b6 didu khién PI mo da duge kiém chimg thong qua cac thuc nghiém tai Phong thi
nghiém Piéu khién Qua trinh, thuéc B6 mén Tu Dong Hoa, Khoa Cong Nghé,
Trudng Pai hoc Can Tho.

2 PHUONG TIEN VA PHUONG PHAP

2.1 Phuong tién nghién ciru

Bo diéu khién PI mo trong nghién ctru nay dwoc xdy dung trén phan mém
MATLAB/Simulink, phién ban sinh vién 2009b va cong cu logic mo (The Math-
Works, Inc., 2009). B diéu khién dugc kiém nghiém trén cac thiét bj RT010,
RT020 va RT030 cua hang Gunt-Hamburg, Ptirc (GUNT Geritebau GmbH, 2004),
s& duoc trinh bay trong phan két qua thyc nghiém, véi cdu tric diéu khién dugc
thiét 1ap nhu hinh 1. Trong do, dbi tuong diéu khién duoc 1an luot thuc nghiém
trén cac thiét bi RT0x0, véi X 1a dap tng thuc té ciia ddi twong; X, 12 tin hiéu
tham khao; e 1a sai biét giita dap trng thuc té va tin hiéu tham khao va Y 1 tin hiéu
diéu khién dugc xac 1ap boi bo dicu khién PI mo.
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B6 dicu khién md
K, K
L 4 . J ]
X T . iR 1 R Doi tugng X R
T B¢ dicu khién PI Y " didu khién >

Hinh 1: Mé hinh téng quat ciia h¢ thong diéu Khién

2.2 Bj diéu khién PI
B diéu khién PI dugc thuc hién boi (Johnson M. A. & M. H. Moradi, 2005):

Y(1)= K e(t) + K[fe(t)dt

0 @)
e(t) =X, ()= X(1)

trong d6, K, va K; lan luot 1a do loi ti 1¢ va do loi tich phan ciia bd diéu khién.

Nhiém vu cua ngudi thiét ké bo diéu khién PI, 1a chon lya b¢ gid tri /K, K} théa

mén cac yéu cau vé chét luong diéu khién.

Céc thong sb do loi K, va K; anh hudng dén thoi gian tang (rise time), do vot 16

(overshoot) va thoi gian xac 18p (settling time) cua dap ing dugc cho trong bang 1

(Kanagaraj et. al., 2008). Cac thong tin nay dugc xem 1a co so tri thirc dé xac dinh

luat chinh dinh mo b diéu khién PI.

Bing 1: Anh hwéng ciia viée ting cac thong sé dd loi ciia bd didu khién PI

bo loi Thoi gian tang Do vot 16 Thoi gian xac lap Sai s6 xac lap
K, Giam Ting Thay doi it Giam
K; Giam Tang Tang Triét tiéu

2.3 Xac dinh thong s6 bd diéu khién PI theo phwong phap Ziegler-Nichols

Ziegler va Nichols da deé xyét hai phuong phép thyc nghiém dung dé xac dinh cac
thong so {K,, K;} ctia by diéu khién PI (Astrom, K.J. & T. Higglund, 1988).

2.3.1 Phwong phap Ziegler-Nichols dira trén dap vng vong ho
Phuong phap nay ap dung cho cac hé 6n dinh vong ho, véi thi tuc nhu sau:
. Ap mot ’hém néc don vi tai ngd vao cua hé théng va xac dinh thoi gian tré L
va d6 doc cuc dai R cua duong cong dap ung (Hinh 2a);
+ Thong s6 bd diéu khién PI dwoc xac dinh nhu (2):
= %; KLZN = (;iz

2

p_ZN
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Hinh 2: Cac thong s6 do dac tir phwong phap Ziegler-Nichols

2.3.2 Phuwong phap Ziegler-Nichols dua trén dap iing vong kin
Mot phuong phap khac dé xac dinh bd diéu khién PI ¢6 thu tuc nhu sau:
o Thiét lap vong hdi tiép am don vi, voi bo didu khién ti 1¢ c6 d6 loi Ky;
+ Ting d6 loi K, dén gia tri K, ma & d6 d4p tng bat ddu dao dong va do chu
ky dao dong P, cia dap ung (Hinh 2b);
+ Thong s bd diéu khién PI dwoc xac dinh nhu (3):

K
K, »=05K,; K iy =054 3)

P

Céc gia tri K, zv Ki zv} dat duge tir phuwong phap Ziegler-Nichols can dugc tinh
chinh lai bang thuc nghiém, mit kha nhiéu thoi gian, trude khi 4p dung (Jones
A.H. & P.BM. Oliveira, 1995). Muc tiéu ctia bai bao nay nham hd trg qua trinh
tinh chinh online cac thong s trén bang ki thuat logic mo.

2.4 Tinh chinh m& b diéu khién PI

Bo diéu khién m& dwoc dua vao céu tric diéu khién hinh 1, nhim muc tiéu cung
cap cap gia tri {K,, K;} cho bd diéu khién PI, dya theo di€u kién hién tai cua e, Y}.
Nghia la bg diéu khién mo s€ ¢6 2 ngd vao va 2 ngo ra, nhu hinh 3.

MU A

Fuzzy_FI
2 (5) Kp (5)
(mamcani)
; : ; 15 rules
v Ki(5)

System Fuzzy_PL: 2 inputs, 2 outputs, 15 rules

Hinh 3: Céu tric b diéu khién mo
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O céu trac hinh 3, ngd vao thr nhét cta bo déu khién mo 14 e, duge md hod béi 5
tap {NB, NS, ZE, PS, PB} va ngd vao thir hai 1a Y, dugc mo hod boi 3 tap {LOW,
MED, HIG} (Hinh 4a va 4b). Cac tap mo ngd vao dugc ky hiéu nhu sau: NB la
Negative Big, NS 1a Negative Small, ZE 1a Zero, PS 1a Positive Small, PB la
Positive Big, LOW la Low, MED la Medium va HIG la High. Ham lién thudc cta
cac tap mo ngd vao dugce su dung 1a ham Gauss, xac dinh boi (4):

_ (Ci _x)z
,uA,- (x)= exp{— W} 4)

1
trong do, ¢; va d; hoanh d6 tim va do rong cua tap mo A’ twong ng.

Mién x4c dinh cta cac bién ngd vao cua bo diéu khién mo, duoc xac dinh tuy
thudc vao ting doi twong cu thé. Trong nghién clru nay, cac thyc nghiém dya trén
cac hé¢ RTOx0 véi {e, Y} xac dinh nhu (5), dugc xac 1ap tuy theo ting thiét bi:

eele

emax]

min (5)
Y €[0,100]

Hai ngd ra ctia by diéu khién mo 1an luot 1a K, va K, déu dugc mo hod bang 5 tap

{VLOW, LOW, MED, HIG, VHIG} (Hinh 4c va 4d). Cac tap mo ngo ra dugc ky

hi€u nhu sau: VLOW 1a Very Low, LOW la Low, MED la Medium, HIG 1a High

va VHIG la Very High. Ham lién thudc cta cac tdp mo ngd ra duoc str dung dang

tam giac, xac dinh bdi (6):

0 x<a
z_a a<x<b
uoi(x)= :a (6)
4 ¢ b<x<c
b-c
0 x>c

véi a, b, ¢ 1a hoanh do 3 dinh ctia tip m& tam giac A’ tuong tmg.

Kp_min Kp_max Ki_rnin Ki_max
c Kp d) ki

Hinh 4: Ham lién thudc ngd vao va ngd ra ciia bd diéu khién mo
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Mién x4c dinh cua cac bién ngd ra {K,, K;} cia b diéu khién mo duge xac dinh
xung quanh gia tri {K, zv Kizv/ dat dugc tir phwong phap Ziegler-Nichols,
cho bai (7):

aKp ZN —K <ﬂKp ZN

(7
aKi ZN —K <IBK1 _ZN

trong d6, (o, f) 1a cac hé sé duoc xac dinh tuy thudc vao tung déi twong diéu
khién, va dugc chon sao cho khoang tinh chinh dﬁ’ rong dé tim QUQC gia tri tdi wu
cho {Kp; Kl} xung quanh glé ‘[ri {Kp_ZN) Ki_ZN}~ Poi véi cac thiet bl RTOx0 dl‘ll'lg
trong cac thyc nghiém cua nghién ctu nay, ¢=0.7 va =5 1a théa man.

Tir co s6 tri thirc vé& bd diéu khién PI & bang 1, luat diéu khién cua bo diéu khién
mo duge thiét ké thong qua thyc nghiém va cho trén bang 2. Nguyén tic xay dung
b luat diéu khién duoc md ta nhu sau: néu thoi gian ting ciia dap Gmg 16n, tirc dap
g cta hé théng cham (E=NB), thi Kp, ; dugc hiu chinh tang boi {HIG, VHIG} va
nguwoc lai boi {MED, LOW}; néu dap img bi vot 16 (E=PS, PB) thi K, i duoc giam
xudng bai {LOW, VLOW},... Mot luét diéu khién cy thé duogc phat bleu nhu (3),
b0 lut didu khién duoc ap dung dé - tao ra tin hiéu didu khién tai mdi thoi diém 1ay
mau, & day sir dung thoi gian 1dy mau T=0.5 gidy:

If e=NS and Y=MED Then K,=MED and K,=LOW (8)

Co ché suy dién mo duge chon 14 MAX-MIN va giai mo theo nguyén 1y trung
binh ctia phuong phép cuc dai, xac dinh boi (9):

R
Zb H;
Zﬂl

v6i {K,,, K} 1a thong sb bo diéu khién PI s& dat dugc; b; va ; 1an luot 1a hoanh do
diém trung binh va gia tri cua ham lién thudc ngo ra xac dinh bdi ludt tha i trong R
luat tac dong tai thoi diém xem xét.

K, K == ©)

Bing 2: Luit diéu khién

Y
K,/
LOW MED HIG
NB VHIG/HIG HIG/MED MED/MED
NS HIG/MED MED/LOW LOW/VLOW
e ZE MED/LOW LOW/LOW LOW/VLOW
PS MED/VLOW MED/MED HIG/HIG
PB MED/VLOW HIG/VLOW HIG/MED
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3 KET QUA THU'C NGHIEM

3.1 Thyc nghiém 1 - Piéu khién muec chit l6ng

Hé diéu khién muc chét long RT010 (RTO10 Liquid Control Unit; Hinh Sa,
G.U.N.T Geritebau GmbH, 2004) dugc ap dung cho thyc nghi¢m thir nhét. Hé nay
gdm c6 cac ngd vao-ra nhu sau: X Ia chiéu cao cot nudc trong bon kiém soat (0-
18cm, ddi tuong diéu khién), Z 1a cong suit valve xa tu do (0-100%), tugng trung
cho nhiéu cta tac dong vao hé thong va Y 1a cong sudt may bom chét long (0-
100%, tin hiéu diéu khién) tir bon chira 1én bon kiém soat, nhu hinh 5b. Bo diéu
khién PI m¢& duoc ap dung cho hé nay dugc bd tri theo so dd diéu khién hinh 5c.
Véi gia tri mic dinh {K, zv Ki zv/ cia hé RT010, mién xac dinh cta cac bién vao-
ra & (5) va (7) duoc thiét 1ap nhu sau:

ec[-18,18]:Y €[0,100} K, [1.50}: K, [0.01,0.5]

(@) (b)

P error -_’_Q\o_b\ )
mlolm
> > T v > 1
— WH Yo g
Xref > Y Tl = [ { X
RezyiCS PI Controller e
Vale [— Scope
RT010 - Fuzzy GS_PI Controller [0-100]
. RT010 Gunt-Hamburg
by Dr. Nguyen Chi Ngon Liquid Level Cantral Unit

(©)
Hinh 5: Diéu khién PI mo hé 6n dinh muc chét 16ng RT010
(a): Hé diéu khién myc chat long RT010, (b): Tin hiéu vio-ra hé RT010, (c): Piéu khién PI mo hé RT010

Véi cong suit valve xa Z (nhiéu tac dong) dugc dit & 20%, két qua diéu khién muc
nude bang bo diéu khién PI mo cho trén hinh 6. Két qua thuc nghiém cho thiy ngd
ra X cua thiét bi RT010 bam rat t6t tin hiéu tham khao X_ref véi thoi gian ting va
thoi gian xac 1ap hop 1y, twong tmg 1a 180+10 giay va 270+20 gidy; dap tng khong
xay ra vot 16, cling nhu sai sb xéc lap.

Dbi véi hé RT010, chidu cao muc chét 16ng duge do thong qua ap luc cot nude. Vi
véy, néu chiing ta xa can hoan toan bon kiém soat thi tai thoi diém bo diéu khién
tac dong s& co mot thoi gian tré nhit dinh cho dén khi nudc trong bon di cao thi
cam bién ap lyc méi tac dong. Thoi gian tré nay d& lam cho nguoi quan sat hiéu
1am 1a dap tmg cta b diéu khién cham.
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RTO10 - FuzzyPl Contral
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Hinh 6: Két qua diéu khién PI mo hé 6n dinh muc chit 1ong RT010

3.2 Thue nghiém 2 - Piéu khién hru lwgng

error

/_\l A

i 4@ -;__ o ! 1
Xref Y L et
=
Fuzzy GS PI Controller Pump
[ 1z ] 0-100]

Scope

RT020 - Fuzzy GS_PI Controller [0-
RT020 Gunt-Hamburg
by Dr. Nguyen Chi Ngon Flow Control Unit

©
Hinh 7: Diéu khién PI mo hé n dinh lwu lwong RT020
(a): Hé diéu khién heu hrong RT020, (b): Tin hiéu vao-ra hé RT020, (c): Diéu khién PI mo hé RT020
Hé diéu khién luu lwong RT020 (RT020 Flow Control Unit; Hinh 7a, G. UN.T
Gerétebau GmbH, 2004) dugc ap dung cho thyc nghiém thr hai. Hé nay gom co
cac ngd vao-ra nhu sau: X 1a luu luong nudce thyuc té trong 6ng kiém soat
(0-160 I/h, dbi tuong didu khlen) Z 1a cong suit may bom nudc (0-100%) vao éng
dan — cong sudt nay co thé thay ddi tw do dé gia lap nhidu cua tac dong vao hé
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thong va Y 1a cong suét valve diéu tiét luu luong trong 6ng kiém soat (0-100%, tin
hiéu diéu khién) nhu hinh 7b. B9 diéu khién PI mo duoc ap dung cho hé nay dugc
bd tri theo so dd diéu khién hinh 7c. Véi gia tri mac dinh {K 7n» Ki zn} cua hé
RT020, mién x4c dinh cua cac bién vao-ra & (5) va (7) duoc thlet 1ap nhu sau:

ee[-160,160];Y €[0,100}:K , [0.02,1]: K, €[0.003,0.15]

V6i cong sudt may bom Z (nhidu tac dong) dwoc dit thay doi trong khoang 80-
100%, két qua diéu khién luu lwong nudce béng b6 diéu khién PI mo dat dugce trén
hinh 8. Thuc nghiém cho thay bd diéu khién PI mo hoat dong tét trén thiét bi
RT020. Ngé ra X ctia hé bam rat tt tin hiéu tham khao X ref voi thoi gian ting va
thot gian xac 1ap hop ly, twong ung 1a 1442 gidy va 2043 gidy; dap ung c6 do vot
16 khong dang ké va sai s xac 1ap dugc triét tiéu.

RT020 - FuzzyPIl Control

150 T T T T T
—_ | I
=
= L 1 1 _
= 100 | I
[ I === ¥_ref L
et} ——
= &0 X i
]
=
D 1 1 1 1 1
] 100 200 300 400 500 B00
Tirne (s)
=] T T T T
=
T 40t m
=t}
£
[=1
o
il i
c\s
=
D 1 1 1 1 1
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Tirne (s)

Hinh 8: Két qué diéu khién PI mo hé 6n dinh lwu lwgng RT020
3.3 Thuc nghiém 3 - Piéu khién 4p suét

Hé diéu khién ap suat RT030 (RT030 Pressure Control Unit; hinh 9a, G.UN.T
Geritebau GmbH, 2004) dugc ap dung cho thuc nghiém thir ba. Hé nay gdm co
céc ngd vao-ra nhu sau: X 1a ap suat khong khi thyc té trong binh kiém soét (0-1
bar, d6i twgng diéu khién), Z valve xa khong khi tu do (diéu chinh dugc bang tay),
tugng trung cho nhidu cua tac dong vao hé théng va Y 13 cong suat may nén khong
khi vao binh kiém soat (0-100%, tin hiéu diéu khién), nhu hinh 9b. Bo diéu khién
PI m¢ duoc ap dung cho hé nay duogc bd tri theo so dd hinh 9c. Vi gia tri mac
dinh {K, zv Ki zv} ciia hé RT030, mién xac dinh ctia cac bién vao ra & (5) va (7)
duoc thiét 13p nhu sau:

ec[-11]yelo.100} Kk, €[6,300]: K, €[0.1,5]
Vi cong suit valve xa Z (nhiéu tac dong) dugc diéu chinh & khoang 10-20%, két

qua diéu khién ap suét khong khi bang bo diéu khién PI md cho trén hinh 10. Thyc
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nghiém cho ﬂ’lé{ly’ bo diéu khién PI mo hoat dong tdt trén thiét bi RT030. Ngo ra X
cua hé bam rat tot tin hiéu tham khao X_ ref vo1 thoi gian tang va thoi gian xac 1ap
phu hop, twong tng 1a 98+2 gidy 150+5 gidy; dap ing khong xuat hién vot 16 cling

nhu sai s0 xac lap.

I~

Fuzzy GS

RTO030 - Fuzzy GS_PI Controller
by Dr. Nguyen Chi Ngon
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Hinh 9: Pidu khién PI mé& hé én dinh 4p sut RT030
(a): Hé diéu khién dp sudt RT030, (b): Tin hiéu vao-ra hé RT030, (c): Diéu khién PI mo hé RT030
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Hinh 10: Két qua diéu khién PI mo hé 6n dinh ap suit RT030
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4 KET LUAN

Bai bao mo ta phuong phap ty dong tinh chinh online thong sO clia bo didu khién
PI bang logic mo. Uu diém cia phuong phép nay la thiét ké va thuc hién bd quan
sat mo rat don gian ma khéng can quan tam dén ciu trac bén trong cua ddi tugng
diéu khién. Khoang tinh chinh cac thong sé ciia by diéu khién PI dugc thiét 1ap di
rong xung quanh gia tri dat duoc tir phuong phap thuc nghiém Ziegler-Nichols.
Két qua kiém nghiém trén cac thiét bi RT010, RT020 va RTO030 cua hang Gunt-
Hamburg, CHLB Dtic cho thiy bo diéu khién dugc d& xuit trong nghién ctru nay
to ra hiéu qua; dap ung cua cac thiét bi c6 thoi gian tang va thoi gian xdc lap phu
hop, do vot 16 khong dang ké va sai s6 xéc lap duoc triét tiéu. Ngoai ra, by didu
khién con dap mg duoc yéu cau vé thoi gian thuc, cling nhu su 6n dinh trude tac
dong cua nhidu vao hé thong.
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