24

L& Tan Duy, Huynh Ptrc Hoa

NGHIEN CUU UNG DUNG BQ BIEU KHIEN PID BEN VONG TRONG
PILU KHIEN ON PINH NHIET PQ THIET BI TRAO POI NHIET

A STUDY ON THE APPLICATION OF ROBUST PID CONTROLLER TO THE STABILITY
FOR TEMPERATURE CONTROL OF HEAT EXCHANGER DEVICES

Lé Tén Duy', Huynh Dirc Hoa®
"Trieong Pai hoc B,dch khoq, Dai hoe Da Nang, Email: letanduy@ud.edu.vn
‘Trirong Cao déing Nghé Qudng Nam,; Email: duchoacdn@gmail.com

Tém tit: Ngay nay, thiét bj trao dbi nhiét dugc sl dung rong rai
trong cac nha may. Nhiém vy chinh cla thiét b trao dbi nhiét la
truyen nhiét tir gas néng sang chét Iong lam mat dé ngung tu. D&
didu khién nhlet dd chét 1dng d4u ra cua thiét bj trao ddi nhiét thi
bd didu khién PID théng thu0’ng c6 thé st dung. Tuy nhién, cac
bé didu khlén nay chuwa tbi wu hodc it bén vieng doi véi sw thay
dbi tham sb trong qua trinh hoat dong. Bai bao nay QIO"I thiéu
phuwong phap thiét ké bo didu khién PID bén vitng nhdm on dqnh
nhiét GQ chét Iong tai gia tri dat trong khoéng thoi gian ngén nhat
cla thiét bi trao ddi nhiét. Bo diéu khién thiét ké theo cac phuwong
phap: Tyreus Luyben, dwa trén IMC, thuat toan dw bado Smith va
b6 didu khién PID me, Két qua mé phéng cho théy tin hiéu didu
khién clia bd di bao Smith va PID mé ¢6 do qua didu chinh 1
khéng va sai l&ch tinh clia hé thdng tién vé khong.

Tir khoa: didu khidn qua trinh; thiét bi trao ddi nhiét; didu khién
dy bdo Smith; didu khién mé; mé phéng.

1. Dt vén @&

Cho dén nay didu khién qué trinh khong phai 1 mot
linh vuc méi, nhung né ludn chiém vi tri quan trong trong
tw dong hoa cac nganh cong nghiép. Pung trude yéu cau
ngdy cang cao ctia x3 hdi, budc ching ta phai dua ra
nhitng thiét k& qué trinh céng nghé méi thich hop hon va
nhitng yéu cdu cao hon cho hé thong diéu khién ty déng
nhim giam tiéu thu nhién liéu, ning cao chét lugng, ting
nang sut va ha gi4 thanh sin pham. Trong thyc té céc
thiét b trao ddi nhiét kieu héa long (ngung tu) ding rat
nhiéu nhu: trong san xudt hoa chét, cac hé thong may lanh
thuong mai va cong nghiép, diy chuyén san xuat bia,
nuée ngot... D& diéu khién tu dong cho céac thiét bj trao
dbi nhiét thi bai todn didu khién nhiét do 1a phd bién va
dwoc quan tim hang diu,

Hién nay, trong diu khién nhiét d6 ngoai b diéu
khién PID kinh dién thi cc phuong phép diéu khién hién
dai khac nhu bd didu khién PI du bdo ciia Smith, diéu
khién mo, su két hop giita PID va md... c6 vai trd quyét
dinh dén sy on dinh bén virng, giam muc do tiéu hao ning
lugng, ting chét lwgng san phdm va tudi tho cia thiét bi
trong cdc nha may. Dé tai nay thyc hién nghién ciru thiét
ké cac bo didu khién PI, PID theo nhiéu phwong phép
khéc nhau va bd PI - Mo dé lua chon ra dugc bd dleu
khién méi va phit hop nhét trong didu khién bén virng 6n
dinh nhiét d6 thiét bi trao ddi nhiét.

2. Két qua nghién ciru va khio sat
2.1. Co so chung

Thiét bj trao ddi nhiét ding dé héa long gas trong céc
hé thong lanh (thiét bj ngung ti) 1a th1et bi ma trong do
hoi mdi chét lanh (gas lanh) c6 dp sudt cao va nhiét do

Abstract: Nowadays, heat exchanger devices are widely used in
factories. The main task of a heat exchanger device is to transfer
heat from hot gas to cool fluid for condensation. To control the
temperature of outlet fluid of heat exchanger devices, the
conventional PID controller can be used. However, these
controllers are not optimal or less robust with the variation of
parameters in operation. This paper presents a design method of
robust PID controllers in order to stablize the temperature of the
outgoing fluid to a desired set point in the shortest possible time
of the heat exchanger devices. The PID controllers are designed
to select from the methods: Tyreus - Luyben, based on the
Internal Model Control (IMC), Smith predictor algorithms and the
PID fuzzy controller. The simulation results show that the
overshoot of control signals of the PID fuzzy and Smith predictor
algorithms are zero and erroneous tracking system toward zero.

Key words: Process controler; heat exchanger devices; Smith
predictor; fuzzy control; simulation.

cao dugce lam mat béng mréc hodc khong khi c6 nhiét 4o
thdp hon dé ngung ty thanh long [1].

Luu lugng nudce giai nhigt cua thiét bj trao ddi nhiét

[1,[2: G = Q_K{k_gJ )
" C, At Ky

Trong d6: Qg 1a phu tai nhiét cta thiét bi trao dbi
nhiét, '(kW); Tpeo [1, Bang 7-2] ta EJh(_)n phu tai nhiét theo
thye té cda thiét bi trao doi nhiét kiéu binh ngung ty (hang
Guntner, Dirc): Qg = 345,8 kW.

Cy: Nhiét dung riéng cia nudc;

Cy=4,186 (kJ/kG.K) [1]
At,: PO chénh nhiét do clia nudc vao va ra khoi thiét

bi, (K); ta chon Ar,, =6 K [1], [2].
Vay ta co:
O, 345,8 [kg] T
== =138 = [~ 50 2
YoC A, 4,186.6 s (A)

_ Xay dyng mé hinh diéu khién nhiét d6 téng quat cia
dé tai nhu & Hinh 1.

Te1] We
Nuée néng ra
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THIET B| TRAO DOI NHIET

-
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Tez ¥
Ldng méi chat lanh ra

Hinh 1. So do diéu khién thiét bi trao doi nhiét
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Tir so dd diéu khién cia thiét bi trao dbi nhiét, ta xay
dung dugc cdu tric diéu khién cua hé thong dang khoéi
dugc biéu dién nhu ¢ hinh 2.

Te To

Baditu B dnl\m Ven didu Thiét bi trao
*’?" Wi Y @hilp [ ¥

khién 461 nhadt
Hinh 2. So dé khéi ciia hé ﬂ?é'ng diéu khién

- Nhiét @6 ngung tu ctia moi chét ra khéi thiét bj [3]:
Tsp = 350C.
2.2, Xay dung cic ham truyén
2.2.1. Ham rruyé‘n dat ctia bj chuyén déi dong dién/ khi
nén

Ta chon thiét bi chuyén d6i dong dién / khi nén KP200
clia hang (Yokogawa) c6 tin hiéu vio l1a dong dién
(4 + 20) mA va tin hiéu ra [a dp suat khi nén P (3 + 15)
PSI [4], [10].

Nhu vy, thiét bi ndy c6 ham truyén ld mét khau
khuéch dai dugce xac dinh nhu sau:

AP -
K= 173 55 PST ©)
Al 20-4 mA

max
2.2.2. Ham truyén dat ctia van
Trong thyc té, ham truyén dat clia van thuong dugc
coi l1a khiu quan tinh bdc nhat cé tré, ldy gan ding thi
xem la khiu quan tinh bac nhat [4]:
K,
T x4l

W, (s) = “4)

Trong do: K, 12 hé s6 khuéch dai clia van, T, 1a hing
sb thoi gian cta van, ta chon T = 5s.

Khi tin higu vao thay d6i (3 + 15) PSI thi d§ mo cua
van thay doéi tir (0 + 100) %, khi d6 hé s6 khuéch dai dugc
x4c dinh nhu sau:

100-0 (5)
=——=84
& 15-3

Khi d mé thay dbi (0 + 100) % thi hru lugng nuéce qua
van thay ddi (0 + 50) T/h. Tir d6 ta c6 hé s6 truyén clia sy
lién hé gifta lwu lugng qua van va d§ mé clia van la:

LI (6)
100
K&t hop céc ham truyén trén véi tin hidu vao 1a &p suét
khi nén va tin hiéu ra la luu luong nuwée qua co cau van dieu
khién, ta xac dinh dwgce ham truyén dat ctia van nhwr sau:

42
= 7
vT(S') 5 +1 ( )

2.2.3. Ham truyén dat ciia thiét bi trao déi nhiét
Khi d6 mé cua van thay ddi (0 + 100) % thi luu lugng
nude qua van thay ddi tuong tmg tir (0 + 50) T/h, nhiét do
cla thiét b trao dbi nhiét thuomg thay ddi (25 + 45) °C.
Thue té, thuong ngudi ta xem ham truyén dat cia doi
twgng nay 1a mot khau quén tinh béc nhit c6 trd [4], [6]:
K e %

W (s )—— (8)
s+ 1

Trong dé: K 14 hé sb khuéch dai.

8, 1a thoi gian tr8 ciia qua trinh didu khién, ta chon
4,=25s.

7'13 hiing sb thoi gian ctia qué trinh didu khién, ta chon
7= 100s.

H sb khuéch dai K dugc xac dinh nhu sau:

efy o

Khau trd ¢ %" ¢6 thé bién di gn ding nhu [5]:
e—-Bus e €—255 = 1 (10)
1+25¢s
Vay ham truyén cua thiét bi trao ddi nhiét la:
0,4 0,4
W(s) = = (1)

(14+255)(1+100s) ~ 2500s% +1255+1

2.2.4. Ham truyén cia thiét bi do nhiét do/b¢ clmyén déi
tir nhiét dg sang dong dién
Ta st dung can nhigt R (Yokogawa-YTAIL10)
do Nhit san xuat c6 dai tin hiéu dau vao la nhiét @ (-50 +
250) °C va tin hiéu ra la dong dién tir (4 + 20) mA [4].
Ham truyén cia thiét bi 12 khau khuéch dai, duge xac
dinh nhu sau:

Bl A4 0,054 (mA/°C)

AT 300

max

(12)

2.3. Ham truyén ciia hé thong cin diéu khién

Ham truyén dat cia hé théng bao gdm b chuyén ddi,
van va thiét bi trao d6i nhiét duoc biéu dién nhr sau:
0,754,2.0,4.¢7 L26e™ (13

G = (ss+1) (1005 +1) (55 +1)(100s+1)

G(s) 1a khau béc 2 c6 tré, 4p dung luat chia doi cia
Skogestad d& dura md hinh v& khau quén tinh bac 1 c6 tr& [4]:

b Gis) e K o Gy 12667
Taco: G(s) = S - (14)
()= Ts+1 = G)= (102,SS+I)
Trong dé: T, > T, (voi T,~=100s, T,=5s);
T:]}+%:102,5;9_90+%:27,5 (15)

2.4. Tinh chon tham s6 va xdy dung mé phéng cho cdc
b diéu khién

2.4.1. Phuong phdp Tyreus — Luyben

L
00 2]

i
1m0 150
Thin pa(s)

Ta
Hinh 3. Xdc dinh héing s6 téi han
V6i cac thong sb xac dinh tir dic tinh dao dong diéu
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hoa Hinh 3: kth = 25; Tth = 61,5 Gia tri cac tham sb ciia bd
diéu khién PID dugc tinh theo phuong phap Tyreus-
Luyben [4]: kp=11,25; ki=0,08; kd = 110,25

2.4.2. Phuong phdp diéu khién mé hinh ngi (Internal
Model Control: TMC)

So db cdu triic ciia IMC dya theo céc tai lidu [4], [5], [9].

Gia tri céc tham s6 cta bd didu khién PI theo phuong
phap IMC: ta ap dung céc cong thirc va phuong phép tinh
chon tir: [4], [5], [9] tinh duoc: k,= 1,48; &;=0,0144

2.4.3. Phirong phdp sir dung bé diéu khién PI dir béo ciia
Smith

So dd cdu tric bo didu khién du bao theo phuong phap
cua Smith dya vao: [4], [10].

Gia trj cac tham s6 ctia b didu khién PI theo phuong
phap dy bao cua Smith: ta ap dung cic cong thirc tir: [4],
[9] tinh duge: &, = 1,48; k; = 0,0144; va bd dy bdo Smith

¢6 dang:
G (5) =y = 25998 (16)
(102,55 +1)
2.4.4. Thiét ké bé diéu khién PI-Mo

M6 hinh mé: Mamdani. Tén cia bd didu khidn mo
duoc dit 1a: DKMO_DUCHOA

* Bude 1: Xac dinh cdc bién ngon ngir vao/ra:

Pau vio thir nhit 14 sai 1éch nhiét d6 (ky hiéu E), ddu
vao thir hai 1a dao ham bién thién nhiét d6 dau vao (ky

hi¢u DE). Piu ra 1a tin hidu diéu khién dua dén déi twong
diéu khién (ky hiéu U).

* Budc 2: Xac dinh tip gia tri cho cac bién vio/ra: Sai
léch E duge chon trong mién gi4 tri: E= [ -10; +|0] DPao
ham bién thién dau vio DE duge chon trong mién gia tri:
DE =[-20;+20]; Pau ra tin hi¢u U ctia bd diéu khién
mé chon trong mién gi tri: U =[~2;+5]

Ta chon s tdp m& cho cac bién vio, ra nhu:

E e{NB,NM,NS,ZE,PS,PM ,PB)}
DE e {NB,NM,NS,ZE,PS,PM, PB}
Ue {UI,UZ,US,U4,U5,U6,U7}

Trong d6: NB: Am nhidu; NM: Am vira; NS: Am iti ZE:
Khéng; PS: Duwong it; PM: Duong vira; PB: Duong nhiéu.

* Budce 3: X4c dinh dang ham lién thudc

Ta chon ham lién thujc dang hinh tam gidc dé co
chuyén déi tuyén tinh don gian [7].
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Hinh 4. Cau triic ciia bé diéu khién mo
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Hinh 7. Xdc dinh tdp mo bién ra U

* Budc 4: Xay dung ludt diéu khién: Dya vao céc sb
lidu vao va ra, cac tinh chat vét ly va dédc tinh qué d¢ ta
xdy dyng ludt diéu khién nhu: Néu sai léch E 12 PB va DE
1a ZE thi tdc dong U la U7. Néu sai léch E 1a NB va DE la
PB thi tdc dgng U 1a Ul. Twong tu, véi 7 tdp mo cua mdi
dau vio ta xy dung: 7x7=49 luat didu khién.

Bdng 1. Xay dung lugt diéu khién

E

VO N[ ~M | ~s|ze|ps|pv|eB
NB [Ul | U2 [us|u4a|us| U6 |u7

NM | UL | U2 [U3[U4|[U5| U6 | U7

NS Jul vz [us|ua|us|us |u7

DE| ZE UL [ U2 [us U4 |Us| U6 | U7
ps [ul w2 [us|ua|Us|ue | U7

PM [ UL [ U2 [U3[U4|Us | U6 | U7

PB (Ul [ U2 [us|uda|uUs|us U7

Ludt hop thanh 14 ludt Max - Min va gidi md theo
phuong phép trong tam.

* Bude 5: Mo phong hé théng

+ Xéy dung mé hinh mé phéng ding bé diéu khién
PI-Ma:
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ST

Hinh 8, M6 hinh mé phéng v6i bé diéu khién PI-Mo
3. Téng hgp cic by didu khién va danh gia
Tir céc thiét ké trén, ta tién hanh tdng hop céc bd didu
kl}ié11 ndy trong mdt m6 phoéng trén Matlab-Simulink [8],
dé xem ket qua cac tin hiu trong mdt do thi roi déanh gia
va chon ra b diéu khién tot nhat cho hé thong diéu khién:
-

| [==-oaTnmer oo
; FID - TYREUS_LUYEEH
—=F1.1C
- =PI SMITH

; i H H i | ——r-up
0 0 X0 a0 400 0 €0 70 @0 S0 10w
Thoi gians)

Hinh 9. Téng hop ede tin hiéu diéu khién

——FI_MO

E «+Fi0 - TYREUS_LUYBEN
== =FiMC
—=*P_SMITH

R |
I T I

Co
Thoi gien{s]
Hinh 10. T c‘;ng hop cdc sai léch
Bing 2. Téng hop két qua ciia cde b3 didu khién

Do qua Fa Thoi Thoi ;
il ) So lan . . Sai
Bo dicu dicu gian gian -
o dao e R 1&ch
khién chinh déng qua do | xac lap énh
(%) (s) (8)
PID Tpens | - 5y 1 35 300 0
- Luyben
Pl IMC 6.6 1 120 260 0
PI_Smith 0 0 550 550 0
PI Mo 0 0 200 200 0

Téng hop mo hinh md phéng cac bd didu khién PI,
PID va PID-M¢ khi c6 nhiéu tac dong: gid st nhiéu tic
ddng vao hé théng dang béc thang véi bién dd +1 tai thoi
diém 700s (nhidu tac dong vao dbi twgng 1 nhiéu do tac
ddng cia cc yéu td bén ngoai dong vao, nhu: do bién ddi
khi hdu, nhiét d6 dong gas vao ting ...).

* Nhan xét: Dya vao két qua mé phong Hinh 9, Hinh
10, Hinh 11 va Bang 2 tbng hop két qua dat duoc cia céc
b didu khién tai gia tri dat 1a 35°C thi bd didu khién PI -

Mo da cho két qua tot nhét véi d qué diéu chinh 0, sai
léch tinh bang 0 va thdi gian xéc 1dp ngan khodng 200s.

[xc]

55

—— -DATNHIET DO
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(] =00 e 1000 500
Theéi gian [s]

Hinh 11. Téng hop tin hiéu cia hé thing dimg cdic bo diéu khién
khi co nhiéu tdc dng
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Hinh 12, Téng hgp sai léch clig hé théng dimg ccic bg diéu khién
khi ¢ nhiéu tdc déng

4. Két luin

Qua két qua nghién ciu (thé hién cu thé & Hinh 9,
Hinh 10, Hinh 11, Hinh 12 v& Bang 2) cho thiy: B diéu
khién dwoc chon tir cic thiét ké (dwa trén co so cia
Tyreus - Luyben, IMC, du bao SMITH va P I - Md) da
hoat déng 6n dinh bén vitng tai gia tri nhiét d§ 35°C trong
thoi gian xéc 1ap ngén nhit khoang 200s v6i do qua didu
chinh bang 0, sai léch tinh béng 0 va cd kha ning loai bo
nhidu kha tbt khi c6 nhidu tac dong, diéu nay hoan toan
méi va phil hop véi yéu clu coa thiét bi trao déi nhiét
dimg dé héa léng gas la mot dbi twong co tinh phi tuyén
va c6 thoi gian tré twong db6i 16n. Bo diéu khién nay co
thé 4p dung vao thyc tién trong cong nghiép.
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