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NHAN DANG VA DIEU KHIEN NHIET DO SU DUNG SIMULINK
DESKTOP REAL-TIME VA CARD PCle-6321 CUA NI

IDENTIFICATION AND CONTROL OF THERMAL PROCESS WITH SIMULINK DESKTOP REAL-TIME

AND NI PCle-6321

TOMTAT

Nhan dang va diéu khién qua trinh nhiét do la mot trong nhitng bai toan
quan trong Iinh vure diéu khién qué trinh. Trong thuc té, m hinh nhiét d6 thuong
duoc xac dinh béng phurong phép nhan dang dura trén céc di liéu vao/ra thu duoc
tl qua trinh thyc nghiém béi mdt s6 thong s6 lién quan dén qua trinh nhiét do
khé xc dinh duoc mt cach chinh xac nhu hé s6 truyén nhiét. Thong thudng, khi
nhan dang ma hinh dya trén dap ¢ng qua do thi mo hinh quan tinh bac nhét ¢
tré duoc sir dung d€ mo ta ddi twong nhiét. Trong bai bao ndy, nhém tac gia s
thuc hién nhan dang md hinh nhiét do “CE103-Thermal Process Control” clia
hang TecQuipment vé ¢a dang quén tinh bac 1 ¢6 tré va quan tinh bc 2, dwa trén
dap (g qua do nhiét thu thap dugc st dung card PCle-6321 clia NI (National
Instruments) va tién hanh lya chon mo hinh phi hop d€ digu khién thoi gian
thuc qua trinh nhiét do trén nén may tinh sir dung toolbox “Simulink Desktop
Real-Time” ctia Matlab/Simulink. Két qua thu dwgc trong qua trinh nhan dang va
diéu khién nhiét d cho thay tinh khé thi ctia m hinh quan tinh béac 2 dé xuat.

Tlr khda: Nhan dang; digu khién nhiét do; Simulink desktop real-time; CE103
Servo Trainer.

ABSTRACT

dentification and control of thermal process is a very common problem in
process control. In fact, the thermal model is identified based on input/output
data obtained from the experimental process because some of the parameters
related to the process are difficult to determine exactly like the heat transfer
coefficient. Normally, when identifying a model based on transient response, the
first order plus dead time s used to describe the thermal object. In this paper, we
will use both first order plus dead time and second order model to identify
“CE103-Thermal Process Control” model of TecQuipment based on the step
responses obtained by using PCle-6321 card of NI (National Instruments) and
select the suitable model to control the thermal process in real-time based on PC
with “Simulink desktop real-time” toolbox of Matlab/Simulink. The identification
and control results have demonstrated the performance of the obtained model.

Keywords: Identification; thermal control; Simulink desktop real-time; CE110
Servo Trainer.
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1.GIOI THIEU

Nhan dang mo hinh nhiét do dya trén di liéu vao/ra thu
duwoc tir qua trinh thuc dwgc dé cp dén & nhiéu cong trinh
nghién cttu. Trong tai liéu [8], nhom tac gia st dung
phuvong phap nhan dang da md hinh dya trén mé hinh
tuyén tinh ARMAX dé mo ta dac tinh phi tuyén cla qua
trinh nhiét. Cling dua trén quan hé gilra tin hiéu vao/ra
dang roi rac va str dung b6 diéu khién PID, tai liéu [9] tién
hanh nhan dang online qua trinh nhiét dé st dung mé hinh
ARX. Phrrong phéap khéng gian con két hgp voi diéu khién
dv bao duoc sir dung dé nhan dang va diéu khién mé hinh
nhiét dang md hinh trang thai dwoc trinh bay trong tai liéu
[10]. Cac phwong phap nay cho chét lvong nhan dang va
diéu khién t6t nhung can sir dung cac ky thuat phic tap va
khoi lvgng tinh toan Ién. Mot phrong phap don gidn hon
dugc ap dung kha pho bién trong linh vic cong nghiép dé
nhan dang cac qua trinh nhiét la phuvong phap nhén dang
dva trén dac tinh qua dé. Theo dé, md hinh lién tuc co
tham s6 duoc dung dé mé ta d6i twgng dwdi dang ham
truyén cé thé xac dinh tlr ham qua dé h(t) thu dwoc tai dau
ra nho phrong phap nhan dang chtl déng véi tin hiéu kich
thich dau vao la ham Heaviside 1(t). Dua trén dap (rng qué
do, trong [11] nhém tac gia tién hanh xap xi dap ¢ng quéa
dd cta nhiét do dé thu dugc mo hinh quan tinh bac 1 c6 tré
va 6n dinh nhiét dd bang bd diéu khién PID voi luat PI.
Trong khi do, tai liéu [12] lai st dung md hinh quan tinh bac
1 dé mé ta va str dung bd diéu khién PID thich nghi dé diéu
khién qué trinh nhiét. Tuy nhién, thong thuong dap ng
guéa dd clia qua trinh nhiét dé c6 dang 6n dinh hinh chi “S”
(xuat phat tlr g6c va tién t6i gia tri xac lap, nhuv hinh 4). Do
vay doi tvong nay ngoai dwgc md hinh héa vé khau quan
tinh bac nhét c6 tré [1, 2, 3] con co thé dwoc mé hinh hoa
vé dang khau quéan tinh béac cao [4]. Vi muc tiéu thu dwoc
mot md hinh don gian biéu dién quéa trinh nhiét (md hinh
CE103 clia TecQuipment trong phong thi nghiém) phuc vu
nghién clru phan tich va thiét ké giai thuat diéu khién,
trong bai bao chung t6i ti€n hanh nhan dang dva trén dap
(rng qua do dé thu dugc mé hinh nhiét dang quan tinh bac
1 c6 tré thdng thudng va ca dang bac cao (cu thé 1a bac 2)
gua dé lwa chon m6 hinh cho dap (rng gan véi dac tinh qua
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dé thuc nhat va tién hanh diéu khién thoi gian thyc hé
théng trén nén may tinh théng qua Simulink Desktop Real-
Time va card PCle-6321.

Simulink Desktop Real-Time [5] la mét toolbox bao gom
nhiéu khéi chirc ndng dé két ndi véi nhiéu thiét bi vao/ra
cta nhiéu hdng nhu National Instruments, Humosoft,
Quanser... nham thyc hién bai toan thu thap dir lieu va
diéu khién thai gian thuc. Toolbox nay cho phép Simulink
két ndi va thuc hién diéu khién hé théng thuc tir may tinh
ca nhan voi chu ky trich mau 1én t6i 1kHz & ché do thong
thwong va 20kHz véi thu vién Simulink Coder™. Tiép theo
day nhém téc gia sé st dung cong cu nay dé két ndi nhan
dang va diéu khién mé hinh thyc CE103 clia TecQuipment
thong qua card PCle-6321 cta NI.

2. MO HINH NHIET DO VA NHAN DANG DOI TUONG TU
DAC TINH QUA PO

MATLAB/SIMULINK
(Simulink Desktop Real -
Time kemne)
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DAQ (PCI Interface)

Real Process (CE103 -
Thermal Process Control)

Hinh 1. CAu trlic nhan dang va diéu khién nhiét do trén nén Matlab/Simulink

Cdu tric hé thong dugc dung dé nhan dang va diéu
khién trén nén Matlab/Simulink théng qua b6 thu thap d
litu DAQ (Data Acquisition) st dung card PCle-6321 nhu &
hinh 1.

Dé thuc hién cac (ing dung thai gian thuc thi Matlab va
PC can phai dvgc dong b6, & bai bao nay nhém tac gia tién
hanh cai dét Simulink Desktop Real-Time kerne dé dong bo
xung nhip gitta Maltab va PC, tir d6 s dung cac thu vién
trong Simulink Desktop Real-Time dé thu thap di liéu va
diéu khién quéa trinh thuc.

2.1. Gigi thiéu mo hinh nhiét d6 CE103-Thermal Process
Control

M6 hinh CE103 (hinh 2) gbm mot bd gia nhiét tin hiéu
diéu khién tir 0,10V dé tao nang lvgng nhiét cho hé théng
va hé théng quat, van déng/mé dé thay doi lvu lvong khi
noéng trong 6ng dan khi. Nhiét do dau ra T, (tai khéi gia
nhiét) va T, (tai tdm kim loai g&n véi khdi gia nhiét) dwoc do
b&i cdm bién nhiét dién tr& Platinum (duoc can chinh ti 1&
0,1V/°C (ing v6i dai do 0 - 100°C).
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Hinh 2. M@ hinh nhiét d6 CE103-Thermal Process Control clia TecQuipment

M6 hinh CE103 duoc thiét ké dé quan hé gira lru lvgng
nhiét q; va dién ap diéu khién v, cling nhw d&c tinh chuyén
d6i cAm bién nhiét la tuyén tinh thi theo [6] ham truyén dat
ngvéidauraT, la

o) = () &

Pau ra nhiét do T, d&c trwng cho qua trinh truyén nhiét
qua tdm cach nhiét c6 ham truyén:

vi(s) 2)

'

G

(9= (1+ rs)(1+ t's)

2.2. Thu thap dit liéu va nhan dang mo hinh nhiétdo T,

Nl

Analog
Output

\

Step_Vi National Instruments
PCle-6321 [auto]
Analog [:
Input

National Instruments vaT T2

PCle-6321 [auto]

Hinh 3. So d6 thu thap dif liéu nhiét dd trén Simulink

DE thu thap dir liéu dau ra nhiét dé nham xay dung dap
(*ng qua dd nhiét do thi so d6 Simulink duoc s dung nhu
hinh 3 va két n6i phan cirng khéi thu thap di lieu DAQ véi
mo hinh thuc theo cdu trac hinh 1. Trong do6, cau hinh khoi
“Analog input” va “Analog output” trong thu vién “Simulink
desktop real-time” giao ti€p v6i card PCle-6321 v6i chu ky
trich mau T, = 1s va dau vao kich thich hé théng la khéi
“Step” v@i do lon v, = 1V..
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Véi dap (ng nhiét do thu dugc nhw & hinh 4, cé thé thay
dap (ng dang 6n dinh, xuat phat tlr goc toa do va cé dao
ham tai g6c toa do bang khdng do vay theo céc tai liéu [1, 2,
3] md hinh nhiét do T, c6 thé dva vé dang khau quéan tinh
bac 1 c6 tré hodc khau quan tinh bac 2 theo tai liéu [4].

2.2.1. Nhan dang vé khau quan tinh bac nhat c6 tré

Theo tai liéu [1, 3] d6i twgng cé dap ting qua do khi kich
thich dau vao la xung dang buéc nhay nhw & hinh 4 c6 thé
biéu dién dwoi dang khau quan tinh bac 1 dang:

Ko s
e 3
1+Ts ®)

O day, K 1a hé s6 khuéch dai, T 1a hing s6 thoi gian va
L 1a thoi gian tré duoc xac dinh dua trén hai diém quy chiéu
la thoi gian t,, t, ’ng vai thoi diém dac tinh qua do co gia tri
la 28,3% va 63,2% clia gid tri xac lap.

Dua trén s6 liéu thu thap duoc (hinh 4) thi t; = 215,3s,
41,38 -20,64

G(s) =

t,=5245svakK = =20,74

nén T=15(t, —t;) = 463,8(s),L = J,S(tl—%z) - 60,7(s)

45 T T T T T T

35
63.2%

30

28.3%| -
25

t

2 0 5(;0 1000 1500 2000 2500 3000 3500
sec(s)
Hinh 4. Dac tinh qua d nhiét o T, g vdi gid tri dau vao 1V
Do vay, mé hinh quan tinh bac 1 cé tré chia T, la:
20,74 _607s
G (s)=——e " 4
1(8) 1+463,8s @

Ngoai ra, mé hinh quan tinh bac nhat co tré cta nhiét
doé T, dang (1) c6 thé xac dinh theo phuong phap ké tuyén
tinh véi dac tinh qua do tai gié’m uén nhu dé cép trong tai
liéu [2]. Theo d6 thoi gian tré L cé gia tri la 27,63 (giao diém
clia dudng tiép tuyén voi truc hoanh), con hang sé thoi
gian T xac dinh tlr t; theo cong thirc:

T =ty —L =713,68—27,63 = 686,05

hodc xac dinh tlr tg,,, (thoi gian tng voi gia tri dap tng
dau ra dat 63% gia tri xac lap)

T = tga, —L =520,8 - 27,63 = 493,17
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Do vay, m6 hinh nhiét d6 T, c6 thé xap xi vé mot trong
hai ham truyén sau:

20,74 57635
G,(s)=————e™“" 5
2(8) 1+ 686,05s ©)
hoac
G3 (S) — 205 74 e727,635 (6)

1+493,17s

2.2.2. Nhan dang vé khau quan tinh bac hai

Theo [4] d6i tvgng co6 d&c tinh qua dé nhw hinh 4 ¢c6 thé

duoc biéu dién dudi dang khau quan tinh bac cao, trong

phan ti€p theo nhém tac gia sé nhan dang d6i twgng nhiét

do vé dang khau quan tinh bac hai nhu sau:;
K

(o !

Gy(9)=

Trong do, T', T" dugc xéc dinh dya trén t,, t; thu duoc tir
viéc ké ti€p tuyén véi dac tich qua doé tai diém udn nhu
hinh 4 theo cac buéc sau:

X

2
. A N xInx+x“-1 a
Budc 1: Timxthéaman0<x<lva x* X ——— —=—

x-1 b

Budc 2: Tinh T' theo cong thiic T =

X

XX

LN

Budc 3: Tinh T theo cong thiic T' = xT

Thuét toan tinh T', 7" dwgc nhom tac gid cu thé hda
trong ham PT2.m viét trong Maltab nhuv sau:

function [T1,72] = PT2(a,b)

adivb=a/b;

if ((O<adivb)&&(adivb<0.103648))

x=x_adivb(adivb);

T1=b/(xNx/(x-1)));

T2=x*T1,

end

end

function [x]=x_adivb(adivb)
x1=0;x2=1,err=0.00001,f2=100000;
while abs(f2-adivb)>err
Xx=(x1+x2)/2.,
mu=x"(x/(1-x));
f2=(mu*(x*log(x)+x*x-1)/(x-1))-1;
if adivb<f2
X2=X;
else
x1=x;
end
end
end
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Vi a=t, =27,63, b=1t; —t, = 686,05, thuc hién thuat
toan cai dat trong PT2.m thi mé hinh nhiét dé c6é dang
khau quan tinh bac 2 nhu & cbng thic (7) V6i
T =560,025, T" =39,99, hay

G - 20,74
* ™ (560,025s +1)(39,995 +1)

Nhv vay, v6i di¥ liéu thu thap dwgc tir thuc nghiém, st
dung cac phuong phap nhan dang dya trén dap (rng quéa do
khac nhau ta thu dwgc 4 ham truyén G,, G,, G;, G, c6 thé
ding lam mé hinh d&i twong nhiét do T,. Viéc biéu dién dap
(*ng quéa dd clia hé ting voéi cac ham truyén nay va dap tng
quéa do thuc trén cung hinh vé& (hinh 5), cho thdy dudng dac
tinh ng v&i md hinh déi twong G, (dudng cham gach “.-")
bam sat duong dudng dac tich thuc (duong nét lién) nhét.
Tiép theo nhém téc gia sé tién hanh kiém chirng tinh kha thi
ctia mé hinh thu dwgc thong qua viéc st dung md hinh (8)
dé diéu khién nhiét do T, trong trwvong hop gia tri dat nhiét
do thay d6i va trurng hop c6 anh hudng ctia nhiéu.

45

®)

40 -

35
S

30

25 4§

204 . L L - L L
o] 500 1000 1500 2000 2500 3000 3500
sec(s)

Hinh 5. So sanh dap (tng qué do clia hé tng v6i ham truyén G,, G,, G,, G, va
dap tng nhiét do thyc thu dwoc tir thic nghiém
3. THIET KE BO BIEU KHIEN PID VA THUC NGHIEM TREN
MO HINH THUC

Dé diéu khién qua trinh nhiét d6 cé mé hinh dang khau
quéan tinh bac 2 nhan dang dwoc nhu biéu dién & (8) nhém
tac gia st dung bo diéu khién PID (Proportional Integral
Derivative) véi luat diéu khién PI duoc thiét ké theo phuong
phap t6i wu modun dugc trinh bay trong tai liéu [7].

0— » PID(s]
SP_T Pl Controller

Analog
"1 Output

National Instruments
PCle-6321 [auto)

-0

Scope_T

Analog
Input

10
vat

National Instruments
PCle-6321 [auto]

Hinh 6. Biéu khién Real-Time qua trinh nhiét “CE103-Thermal Process Control
voi b diéu khién PI
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BO diéu khién PID dwgc st dung rat pho bién trong
céng nghiép bai tinh don gian trong thiét ké va chinh dinh.
Theo tai liéu [7] bd diéu khién cho mé hinh (8) ¢6 dang:

1
R(s)=k,|1+— 9
(s) p[ TIS] ©)

Trong do6 hé so ti 1€ k, va thoi gian tich phan T, xac dinh
theo phuwong phéap t6i vu modun;

T, =T =560,025k, = % —0,3376

Cai déat diéu khién trén moé hinh “CE103-Thermal Process
Control” véi so do diéu khién nhw hinh 6 voi cac gia tri dat
nhiét do khac nhau thu dugc dap tng nhiét dd nhu & hinh 7.

100
"
90 - T~
h
!
80 '
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.'
70 T
h SetPoint
o i
CGO L : - — = T-real
~
50 N e Ak
'
1
40 -/
.
'
'
30
20
o 500 1000 1500 2000 2500 3000
sec(s)

Hinh 7. Dap (rng dau ra nhiét d4 T, tng véi cAc gid tri dat khac nhau

Péap tng dau ra nhiét do T, khi thay doi gia tri dat lan
Ivgt 50°C, 70°C, 90°C cho thay bd diéu khién dwoc thiét ké
duva trén mo hinh nhan dang (8) khi 4p dung vao diéu khién
déi twong thic cho chat lvgng diéu khién bam kha tét, voi
thong so chat lvgng thé hién cu thé & bang 1.

Bang 1. Thdng s6 chét Irong clia hé thng véi bg diéu khién thiét ke dya
trén md hinh nhan dang (8) khi gia tri dt thay doi

Gia tri dat Gia tri dat Gia tri dat
50°C 70°C 90°C
Po qua diéu chinh 6,84% 6,48% 5,56%
Thoi gian Xac Iép 310,05 81,3 64,45
Sai léch tinh 02 0,19 0,05
PID(ST Analog

PCle-6321 [auto]

I Analog

’ Output

u_Fan National Instruments
PCle-6321 [auto]

Analog ’
Input > 10> =

Scope_T
vat -

National Instruments
PCle-6321 [auto]

Hinh 8. Biéu khién Real-Time qué trinh nhiét “CE103-Thermal Process
Control” xét t6i anh hudng clia nhiéu
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Dé kiém nghiém tinh bén vitng ctia b diéu khién, ta xét
hé théng trong trudng hop bi &nh hudng bai nhiéu, cu thé
la nhiéu do quat thay d6i lvu lugng khdng khi vao lam mat
hé thong véi so do diéu khién nhw hinh 8.
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Hinh 9. Dap (ing diu ra nhiét o T, khi thay ddi tc do quat lam mét

Péap (ng clha hé thong (hinh 9) va tin hiéu diéu khién
(hinh 10) cho thay, khi hé dang lam viéc 6n dinh & 90°C bi
tac dong bdi nhiéu do quat 1am mat gay ra (cong sudt tai
30% tai thoi diém 486s) thi nhiét d6 dau ra gidm do anh
hudng bai lvu lvgng khi mat théi qua 6ng dan nhiét. Bé bu
lai lvgng nhiét nay, tin hiéu diéu khién bd gia nhiét tang lén
va sau 197s qua do hé thong lai tré lai 6n dinh. Twong tu tai
thoi diém t = 1845s nhiéu khéng tac dong (quat lam mat
tat) tin hiéu diéu khién bd gia nhiét gidm dan, tuy nhién
van Ién hon gié tri diéu khién x4c 1ap tai diém lam viéc 90°C
nén nhiét do ctia hé théng tang lén (qua dd) va sau 173s hé
théng lai tré lai 6n dinh. Nhu vay, voi tac dong ciia nhiéu bo
diéu khién thiét ké theo mé hinh nhan dang dwoc van diéu
khién hé mo hinh thuc véi chat lugng digu khién kha tot.

0 500 1000

10

-

1500 2000 2500 3000

sec(s)
Hinh 10. Tin hiéu hiéu digu khién thiét bi gia nhiét va quat Iam mat (nhiéu)

4. KET LUAN

Bai bao dé thu thap di liéu st dung card PICe-6321 clia
NI, thuc hién nhan dang hé th6ng dva trén dap (ng qua do
va lia chon dwgc md hinh cho két qua bam dac tinh thyc
cla hé thdng nhét la khau quan tinh bac 2. Cling nhuv tién

0 500 1000
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hanh kiém nghiém mo hinh thu duoc théng qua viéc st
dung mé hinh dé thiét ké bd diéu khién cho mo hinh thuc
“CE103-Thermal Process Control” cla hang TecQuipment.
Két qua thuc nghiém diéu khién thoi gian thuc trén mo
hinh thyc v&i Simulink Sesktop Real-Time trong trudng hop
¢4 nhiéu va khoéng c6 nhiéu voi chat lugng digu khién kha
t6t cho thay mo hinh nhan dang dwgc cé kha nang st dung
dé phan tich va diéu khién hé thong.
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