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Nhén dang truc tuyén qua trinh nhiét dién hé SISO ciu tric ting
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Abstract

The paper presents an active online identification method of thermal power processes in cascade SISO structure.
Firstly, the system will be energized by an input pulse to collect data. Secondly, the process will be identified by
a "round disk" that comprises of a constant model descried as a second order system with dead time and an
uncertain component with a core-model is in a form of second order system. The Cleft-over-step optimal
algorithm will be used to optimize the model parameters. Finally, an example is given for the illustration.
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Toém tat'

Bai béo trinh bay phuong phap nhan dang truc tuyén
dbi twong diéu khién qua trinh nhiét dién hé SISO ciu
trac téng. Trudce tién, hé théng s€ duoc kich thich
bang xung dau vao dé thu thap sé lidu. Sau do, ddi
tugng s€ duoc nhan dang bé‘mg mo hinh “dia tron” bao
gdm thanh phan c6 dinh 1a khau quén tinh béac hai c6
tré va thanh phan bat dinh véi “nhan” bat dinh 1a khau
quéan tinh bac hai. Phuong phap téi wu hoa “vuot khe”
s€ duoc st dung dé tinh toan tham sb ctia mo hinh.

Ky hi¢u

Ky hi¢u Pon vi Y nghia

0,(s) 0,(s), M5 hinh bat dinh
0,(s)

O,(s), O,(s) M6 hinh co 56

0, T, T, ay, gidy/phut  Hang sb quén tinh
ap a;

T gidy/phit  Tré cua dbi tugng

) rad/s Tan sb

r Ban kinh bt dinh

@ Rad Pha bét dinh

t gidy/phiit ~ Bién thoi gian

s Toéan tu Laplace

j Pon vi s6 40 j*=-1
(s) “nhan” bt dinh
VJ(x) Gradien ctua J(x)
<x, y> Tich v hudéng véc to
P1.p2 Heé s6 “phat”

s Hudng tim kiém cua

thuat toan “vuot khe”

o Budce “vuot khe”

' Ngay nhdn bai: 03/01/2018; Ngdy nhdn bdn sita:
12/05/2018; Ngay chap nhan: 12/05/2018; Phan bién:
Pao Phuong Nam, Lai Khac Lai
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Chir viét tit

SISO Single Input - Single Output
NMND Nha may nhiét dién

PID Proportional-Integral-Derivative
IMC Internal Model Control

FOPDT First order plus dead time
SOPDT Second order plus dead time

1. Pit van dé
Nha may nhiét dién 14 mot diy chuyén cong nghé
bién dbi nhiét ning khi ddt cac nhién liéu hitu co
(than, dau, khi...) thanh dién nang [1]. Déi trong diéu
khién qua trinh nhiét dién 1a nhliing cong doan cua
NMND duge didu khién dam bao thong sé dau ra theo
yéu cau. Trai qua thoi gian dai phat trién, hé thong
didu khién qua trinh nhiét h¢ SISO véi cau triic
cascade hai vong sir dung cac bo diéu khién PI/PID
(H. 1) 1a mdt trong nhing thiét ké rit phd bién trong
diéu khién NMND. Cac mach vong diéu chinh dién
hinh c6 thé ké dén: diéu khién cong suét 10 hoi, diéu
khién khong khi cap 16 hoi, diéu khién ap suat budng
ltra, diéu khién mirc nuée bao hoi, didu khién nhiét do
hoi qua nhiét, diéu khién toc do tua bin.
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H.1 So dé diéu khién qud trinh nhiét dién
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Vén dé nhan dang d6i twong dang lam viéc da
dugc quan tdm nhidu va no thuong gin lién véi cong
viéc chinh dinh bd diéu khién. Trong [2] néu phuong
phap nhan dang dbi twong dua trén pha va dic tinh tan
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s6 cua dbi twong, [3] md hinh hoa cac dbi twong bang
FOPDT. Trong [4] ciing nhan dang dbi twong vong
trong bang FOPDT va tinh toan cac bd diéu khién
bang phwong phap mé hinh ndi (IMC). Nhin chung,
céc phuong phap nay déu 1a cac phuong phap nhan
dang chu dong, kich thich xung bac thang tai dau vao
hé théng, do dap ung tai dau vao va dau ra ddi tuong,
tir d0 xac dinh dic tinh tin sé cua dbi twong lam
thong tin nhin dang mé hinh. Han ché cua cac
phuong phap nay la st dung cac m6 hinh tuyen tinh,
c¢b dinh, chua tinh dén yéu t6 bat dinh cua ddi tuong
nén s& c6 han ché khi 4p dung dé nhan dang ddi twong
diéu khién qua trinh nhiét. Bai bao s& dé xuit mot mo
hinh phti hop dé mé hinh hoa qua trinh nhiét dién. St
dung phuong phap kich thich chi dong xung dau vao
dé xac dinh dac tinh tan s6 cua ddi tuong, tir d6 xac
dinh tham sé ctia mé hinh.

2. M6 hinh mé6 phéng qua trinh nhiét dién
Mot dic diém ndi bat, dién hinh cta qua trinh nhiét o
1a tinh chat bat dinh tit yéu. Thtr nhat, 1a do ban chit
phi tuyén va sy thay doi dic tinh dong cua ddi tugng
theo phu tai cling nhu diéu kién lam viéc gay ra. Thi
hai, 14 do sy han ché ciia phuong phép nhan dang va
mo hinh hoéa ddi tuong.

Pé mo hinh héa dbi tuong bét dinh, trong [5] dé
xuit mé hinh kiéu “dia tron” gdm thanh phdn co s& va
thanh phin bét dinh nhu sau:

O(s) = O(s)+ | V(s) | re’® (1)
Trong d6, r € [0 +1] — ban kinh bét dinh; Qe
[-2m + 0] — pha bat dinh; O(s) — thanh phan mé hinh
co s0; V(s) — “nhan” bat dinh. o
Thanh phan co s& véi ham truyén tong quat dang:
by +bs+..4+b,s" e
2

1+as+..4+a,s"

Vé6i (m, n, ¢) goi 1 tham s6 cdu tric cua mé hinh,
X = {bg, by,...,.bm, a1, a3,..., 2y, T} 1a vécto tham $6.
Mb hinh nay dwoc sir dung trong [6] dé nhan dang dbi
tuong cong nghi¢p dang lam viée tir dir lidu la dac
tinh tan s6 cua d6i twong, ghi nhan khi co dap ng
vao/ra tir sy chuyén trang thai xac 1ap cua hé thong
(do thay doi gia tri dat hodc nhiéu 16n). Tuy nhién, mo
hinh bt dinh véi ham truyén tong quat (2) rat kho cho
viéc chinh dinh bo diéu khién. Ngoai ra [6] cling chua
giai quyét dwoc van dé lya chon xung kich thich phu
hop dé thu thap dir lidu.

Dé sir dung cho qua trinh nhiét dién, phuc vu viéc
téng hop hé théng, chinh dinh bd diéu khién thi 1d
rang can phai lya chon duge mo6 hinh cu thé thich
hop. M6 hinh co s& duge dé xuat 1a khau quén tinh
bac hai ¢6 tré (SOPDT), ¢6 ham truyén la:

O(s) = ;e
A+ Ts)A+T,s)

M6 hinh nay da dugc chung minh 1a dai dién cho
cac dbi twong nhiét co ban [8]. N6 cho phép mé hinh
hoa rit chinh xéac 16p dbi twong nhiét ¢6 ty can bing.
Dbi véi 16p dbi tuong khong cé tu can bang (tich

O(s,X) =

S‘I

=75

3)
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phan), bang cach Iya chon hing sb quan tinh hop 1y
(T,>> T,) thi m6 hinh ciing cho két qua chinh xac [8].

Nhéan bat dinh V(s) dugc lwa chon ¢ ciu trac
tuong ddng v4i thanh phan co s da bo tré.

a
FO=03 a5)(1+ a9)

“4)

M6 hinh (1) cho thy, img v6i s = je nhat dinh, ta
c¢6 mot diém co dinh (vi dy di€m A trén H. 2) nam
trén duong cong co s& O(s). Trong khi d6, mot truong
hop bién thién cu thé nao d6 cua O(s)0(s) s& cho
diém B tuong ung. Néu xét vo sb cac bién thién, thi
tmg véi @ cb dinh, dic tinh co so van chi xac dinh tai
A, nhung 0(s) O(s) s& cho v6 s6 diém B tuy theo cac
gia tri cu thé cua r va . Tap hop nhitng diém B nhu
vay s€ dugc bao boi mot dia tron tdm A, ban kinh AC

= V)l

Jje

V)l

H. 2 Dac tinh co so va bién thién

Néu |V/(s)| du 16n, thi dia tron nay s& chira duoc tat
ca nhirng diém bét dinh c6 thé cua dic tinh ddi tuong
thue, tng v6i s = jo. Hay néi cach khac mé hinh bat
dinh néi trén sé& thé hién duoc tat ca cac bién thién co
thé cua dbi trong bat dinh.

3. Xung kich thich h¢ thong

Phwong phép duoc dé xuét 1a phuong phap nhan dang
chu dong, trong d6 hé SISO tai H. 1 sé dugc kich
thich boi xung dau vao dé thu thap dir liéu nhan dang.
Xung kich thich cin dam bao do duoc théng sé qua
trinh, khéng 1am anh huéng dén su lam viéc cua hé
thong. Sau chu ky kich thich, xung phai tit, tra hé
thong vé trang thai lam viéc ban dau. Xung dugc sir
dung la xung tam giac véi ham thoi gian nhu sau:

2,(6) =, [ /;() + () + f,0)] (5)
Trong d6:
fl(t)={0’OStST, fz(t)={o’0£tST+T
t,t>t1 -2t,t>t+T
f(t):{0,0StSr+2T
} t,t>7+2T
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Xung tam giac: T = 0.5 (gidy), T =1 (gidy), up =1
trén H. 3.

g 3

i + + b t
3

H3Xungtamglacvozr—05T Luy=1

Anh tdn sb ciia xung tam giac nay c6 dang:

e 2 (TS (42T
Z,(s)=uy|—; —+

s s s

—TS

(6)

2

Xung tam giac dam bao thong sé qua trinh ting
giam déu, thoi gian tat nhanh, chu dong dugc qua
trinh thir nghiém.

4. Xac dinh dic tinh tin sb cia ddi twong
4.1 Cong thirc xac dinh

T so d6 H. 1, xac dinh duoc:
1 (s)

00=3 ™

TR AL
0= ®)
h(s) o)

{IZ,(9) = K (IR () = Y, ()} R, (5)
Dé tinh (32 (s) c6 thé st dung cong thic (8) hodc
cong thuc (9). DPbi véi qua trinh nhiét dién thi a6i
tuong vong trong co thé 14 van diéu khién goc mé
(nuge cap, phun giam 6n...), cia chin (khoi, gio...),
mdy cap (nhién liéu than) hodc khdp ndi thuy lyc,
bién tin (bom cip, quat gi6/khoi). Tin hi€u u(?) 1a tin
hiéu do d6 md cua cic co cau chap hanh, thyc té tai
cac nha may cho thdy tin hiéu do nay thuong kém tin
cay. Trong khi d6, cac b diéu khién di co trudc nén
viéc tinh toan theo cong thire (9) thuén loi hon.
Tur cac cong thuc (7), (9) ncu thay bién s =jo, ta
thu dwoc cac cong thire xac dinh dic tinh tan sé cua

cac dbi tuong O, (jw,) va 0,(s) O, (jw,) nhu sau:
- Y, (j¢)
{2 (1) %, ()|, (i)
- Y, (jw
01 (Jw) = ( . )
Y, ( Jw)
Céc cong thire (10) va (11) cho thay tai mdi diém
i) va 62 (s)
0, (jw,) néu dabiét ¥, (jw,) va 0,(s) ¥, (jw,).
Gia st hé théng trén H. 1 dang lam viéc tai mot
trang thai 6n dinh péo do, tien hanh kich thich mot
xung tam giac tai dau vao z,(t), do dugc cac déc tinh

thoi gian dap tmg cua thong s6 qua trinh yy(t) va ys(t).
Madi dic tinh nay s& duoc xap xi boi dudng gap khiic

_Yz(jw)}Rz (jw) 1o

)

tan sd o; s& déu xac dinh dugc (31 ( Jw
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gém phiéu doan thang, sau d6 bién do6i sang dang anh
tan so dé co dac tinh Y, (jo) va Y,(jo) cta doi tugng
[6, 7]. Sau do, tr (10), (11) s& xac dinh dugc duong
cong O, (jw) va 0,(s) O, (jw). Thuc hién M Ian thi
nghiém & cac ché do xac 1ap khac nhau cua hé¢ théng
thu dugec M dudng cong tan s& O, (jw) va 0,(s)

(32 ( jw) 1a dit liéu dé nhan dang cac dédi tugng.

5. Xac dinh tham so mo hinh
5.1 Xay dung bai toan ti wu
a) M6 hinh co so
M5 hinh co s6 (3) ¢6 ham tan s6 la:

L K
U= o)+ T

_ (=W~ ju(T +T)
(1= TL) +w' ([ +1,)’
= B (w,X)+ /O (w,X)

—Tjw

(12)

K(cosTw — jsinTw)

Pw.X)= K (1—W*TT,)cos Tw —w(T, +T,)sin 7w
Y (- T+ ([ +T,)

0 (w X)_K(szsz —Dsintw —w(T; +1,)cos Tw
1 ) - >

(1-’TT) + (T +T,)
X ={K, Ty, Ty, t} 1a véc to tharp s6 cuia mé hinh
co 50, s€ dugc xac dinh tir bai toan toi uvu:

F(X) =32 2[00w,) — 0w, — min

i=1 k=1

(13)

Trong do, N la s6 diém tan s o trong dai lam
viée, M 1a s6 luong dir liéu da do tai m01 tan s6 ;.
Céc diéu kién gidi han dbi véi vée to tham sb X 1a:

K,t,T,T,20 (14)

Bai todn (13) voi d1eu kién rang budc (14) sé¢ dugc
dura vé bai toan cuc tiéu hoa khong rang budc sau:

Ji(X) = F(X)+ p, ¥, (X) > min (15)
Trong do:
v (X>:[|K|—K]2+[T|—T]Z+i(|z -7 (16)

1a “ham phat”, p 1a hé s6 “phat” chon e [10 + 10°].

Dé thay rang, néu (14) khong thoa man, tirc mot
tham s6 nao d6 vuot giéi han, thi ¥, (X)>0 va
J,(X) s& co gia tri rat 1on (thy vao d¢ 16n cia p;) va
khong thé dat cyc tiéu tai d6. Nguoc lai, diéu kién
(14) théa man thi ¥,(X)=0 va J,(X) = F(X), tirc
1a nghiém cia bai toan cuc tiéu hoa (15) hoan toan
trung v&i nghiém cua bai toan (13)-(14).

b) M6 hinh bat dinh
Thanh phan bét dinh cta ddi tuong O,(s) va O,(s)
nhu d3 néu déu co6 dang:

|V (s)|re’?,re[0+1], p e [-2n+ 0] 17
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T (1), ky hidu: r(w)=|0(jw)—O0(jw)| la

khoang cach diém tir dic tinh bién thién O(jw)
O(jw)dén dic tinh co so O(jw), tng voi @ xac dinh.

Yéu cau dit ra la phai tim qui luat thay dbi cac
“dfa tron phu trén” tot nhat, tirc xac dinh “nhan” ¥(s)

dé |V(jw)| 1a ham phu trén, nhung gan nhit véi 1 w).
N

X

7
H A 1

1

1

(R S —
| — o e
T R -

1) )
H. 4 D6 thi cdc ban kinh bat dinh va dwong phii trén

Trén H. 2, xét diém A, tai tn s 1am viéc w; cta
mo hinh co s¢ O(s), nhitng bién thién cua ddi tugng
xung quanh diém nay la By, khoang cach AiBy = rik.
Véi s6 lugng M diém B, trén cac dac tinh tin sé ctia

01(5)0;(s) hay Os(s) va N diém A; duoc xét, tao
thanh tap hop ry (i=1N; k=1,M) ban kinh bét
dinh, 12 khoang cach diém giita cac ddc tinh bién thién
bat dinh ctia ddi twong xung quanh duong co s& O(s).

Dé bao dugc cac diém By thi |V(jw)| phai 1a ham
phu trén (xem H. 4) cua tat ca cac ban kinh Fikc Néu
xét ban kinh bat dinh t6i da ( =1) va pha bién thién
bat dinh: -2 < ¢ < 0, thi thanh phan bat dinh
V(jw)re’’ s& v& nén tap hop cac duong tron ban kinh
1a |V(jo;)| va tam nam trén dudng co sd. Cac tham sd
ctiia “nhan” bat dinh c6 thé xac dinh theo chi tiéu binh
phuong cuc tiéu, nhu sau:

Fy(A) = {1V (jw,, A) =} — min

i=1

(18)
Trong do, W={a0,a1,az}l;:ml?x{;;,k} — céc

khoang cach 16n nhat giira cac dac tinh bién thién va
dac tinh co sd tai tan sO w; A={ap,a;,a,} — véc to
tham s0;w;

. q
e o+ o)
= P(w,A)+ jO(w,A)
P(w.A) = 2a0 (1;w2a;a2) :
(lI-w'aa,) +w (a +a,)
O(w.A) = —wa,(a, +a,)

¢ _“‘)zalaz)2 +w’ (a, + a2)2

|V (jw, A)| = \P(w,A) +O(w,A)
Pé dam bao |V (jw,A)| 1a ham phu trén cua cac

ban kinh bét dinh ing vdi cac tan s6 o, ta c6 diéu
ki¢n: [V(jo,,A)|>7,, hay
V(jo, A)|>r,, (19)

r, = m?x{ri,k }

Ngoai ra, cac tham so cling phai thda méan:
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ay,a,,a, >0 (20)

. Bai toan (18) voi cac didu kién (19)-(20) duoc dua
ve bai toan cuc tiéu hda khong rang budc, nhu sau:

J,(A) = F,(A)+ p, [V, (A) + T, (A)] — min (21)

Trong do:
N 2
U, (&)= > [V G A) = |- G A 1] 22)
i=1
e Ham phat déi v&i diéu kién (19);
2
2
U, (A=) (al-a)
i=0
e Ham phat d6i v6i diéu kién (20) va p, =[10 + 10°]
- hé s0 phat.

Tuong ty nhu (15), dé chi ra rﬁng bai toan (21) la
twong duong vdi bai toan (18)-(19)-(20).

(23)

5.2 Thuét toan giai bai toan t6i wu héa mé hinh
Céc ham muyc ti€u trong (15) va (21) thuong c6 tinh
chat khe phtrc tap, tuy nhién co thé giai hiéu qua nho
thuat toan vuot khe.

a) Thudt todn t6i wu héa vueot khe [5]
Gia sir can cyc tiéu hoa ham J(x), viét nhu sau:
J(X) > min
xeE"

Trong do, x 1a véc to t6i uu hoa trong khéng gian
Oclit n chiéu E". Thuat toan vuot khe tao ra mot qua
trinh 13p tién dan téi di€m cyc tiéu cua ham muyc ti€u
J(x). Gia st x° (k=0) la diém xuét phat. Mdi budc lap
thtr (k+1) thuc hién phuong trinh:

x , k=0,1,2,...

=x"+a s (24)

Trong d6: x* 1a diém dau con x*' 1a diém cudi,
tirc di€m toi wu xap xi nhan dugc cua budc lap thi
(k+1); a;,
khe”:

- bude chuyén dich theo diéu kién “vuot

, h(0)+h,;,
hay.y) < %

h(O.’) = J(Xk + ask) ’ hmin

L (@),) >0 (25)

=minJ(x" + as");
a

s* - hudéng tim kiém, chon 1a huéng truc giao tua
non (hudng chleu Afine), xac dinh duéi dang t6 hop
tuyén tinh cua t6i da n gradien & cac budc lip cubi
nhu sau:

sk — iyivi , Vi
i=1

Céc trong sb y, xac dinh tir hé phuong trinh tuyén

= -VJ(x") (26)

tinh (diéu kién tryc giao) sau:

<z":7,.vf,v’ —V'1>:0,t:1,n—1
=1

Z'Yi =1

=1

Thuat toan t6i wu hoa vuot khe theo hudng truc
giao tya non co6 luu do dan trén H. 5. Cac thong so
cho trude cua thuat toan, bao gom: ax= 0,1; & =10®;
=100.

@7

max
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Khéi déng véi cic tham sb:
o=0,1; =105 K..=100.

x! (k=0)

Tinh VJ(x%)

Xdc dinh hudéng sF
theo (26)-(27).

, I
Tim bwdc virot khe:

O, theo (25)

L |

(&)

H.5 Luu do thudt toan t6i wu héa vuot khe theo huong
tryc giao tua non

Theo~1uu dd cua thuat toan (H. 5), véi x” di chon
(k=0) moi budc 1ap thir (k+1) xdy ra theo trinh tu sau:
1) Tinh va kiém tra d 16n cta gradien tai x. Néu
||VJ(Xk )"Sg thi két thiic qua trinh t6i wu hoa.
Trai lai, chuyén sang khéi 2. )
Xac dinh huéng chuyén dong s*. Thay véc to dbi
Vi=-VJ*™) vao (27) thi nhin duoc hé
phuong trinh tuyén tinh theo y,. Hé nay giai dé

2)

dang bang phuong phap bién d6i twong dwong.

Thay cic nghiém y,,i= I,n nhan dugc vao (26)
thi c6 s*.
3) Tim budc vuot khe a;,,. Xéac dinh d6 dai chuyén
dich theo huéng s* sao cho théa mén diéu kién
vuot khe (25). Logic thuat toan tim budc vugt khe
c6 dac thu riéng va thé hién theo luu do dugc thé
hién trén H. 6. ) o
4) Xac dinh diém cudi cua budc lap, tuc di€m toi uvu
xap xi méi theo phuong trinh: X =x' 4/, 8"
5) Néu s6 budc k+1>Kp,y thi dimg qué trinh. Tréi lai,
tiép tuc vong lap cta budc sau.

Trinh tu 16gic xac dinh budc vugt khe theo luu dd
H. 6, nhu sau:

1) Cho =0, ap=ars va tang lién tiép theo qui téc:
o=, a:=1.50, cho dén khi h(w)>h(a), duoc
doan (ay,) chira diém vuot khe, chuyén tiép
sang budc 2.

2) Néu o-a; < ¢, tirc khong tim dugc bude vuot khe

voi @0 chinh xac &. Nhan avkﬂsza va quay vé

chuong trinh chinh. Tréi lai, chuyén sang budc 3.

Tinh o = o + 0.382(a, - @;) va chuyén sang

budc 4.

4) Néu h(a)>[h(0)+h(c;)]/2 thi gin o:=a hoic
h(a)<h(ay) thi gan ; == « va quay lai budc 2.
Trong trudng hop con lai, o théa man diéu kién

3)

vuot khe, nhin &'y, =@, ay =a va trd vé chuong
trinh chinh.
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Goi tir chwong trinh chinh.
Gdn budc do ov=a

_.‘ o= 0h, a=150n
o< e W) >

o=+ 0.382(m—- @)

h(cl) = [h(O)th(c1))2

No

Lvu ay= o vi
trer vé chuong
trinh chinh

L 4

Yes

+ h(c) < h(es)

H. 6 Luu do xdc dinh budc vuot khe

b) Xac dinh dai tan s6 ban chat cua ddc tinh tan sé
Dé tim duge mé hinh chinh xéc, tic 1a x4c dinh dugc
cac nghiém t6i wu clia cic bai toan (15) va (21) thi dai
tan s6 o can dugc xac dinh hop 1y dung ban chét vat
Iy cua qua trinh nhiét.

Néu d6i tuong can nhan dang 1a c6 tu can béng thi
dai tAn (e +wy) tinh toan trong cac ham muc tiéu (15)
va (21) thuong chon sao cho doan dac tinh tan sb
trong tmg bao tram mot phan goc phan tu thi 11, ca
goc phan tu thir IIT va mot phan goc phan tu tha IV
ctia hé toa do phuc (H. 7). Néu dbi tuong 1a khong co
tu cin bz?mg thi dai tn s& dugc chon 12 mot ph??m g6c
phan tu thtr IT va mot phan hodc hau hét goc phan tu
thir 11T ctia hé toa do phurc.

()

: P(w)

H.7  Xdc dinh ddi tan sé hop Iy

Céc gia tri tAn sb nén phan bd theo quy luat cip sb
nhan: @+, = wgq,1=1, 2,..., N—1, trong d6 N 1a s0 tan
0 chon trong ludi; g = (a)N/a)J)”(Nﬂ).

hi?)

7 S

T, t
T T,

@]

H. 8 Ddc tinh dong ciia dsi tuwong nhiét co tw cdn bﬁng
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¢) Xdc dinh vécto xudt phat
Thuét toan t6i uu hoa yéu cau véc to xuét phat x°, véc
to nay ciing quyét dinh dén do chinh xac nghiém ctia
cac bai toan tbi uu (15) va (21). Dé xac dinh duoc x°
hop 1y, 1y d4ap ung xung bac thang don vi cta dbi
tuong voi mot duong cong trong M duong dir licu.
Dic tinh cua dbi tugng cd tu can béng s€ c6 dang nhu
trén H.8 [8, 9], voi U(ty, yu) 14 diém udn. Tham khao
phuong phap néu trong [9], chon vécto xuat phat X, =
{K(), Tlo, Tzo, T()} nhu sau:

Xac dinh g = y/(y(0), gn = 1-2¢ " ~ 0.264, néu

+ g<gn, chon:

KO = y(OO), To ~ OA, T10 ~ 0.6Ta, T20 ~ 0.2Ta
+ £ gm, chon:
KO = y(OO), To ~ OA, T10 = T20 ~ 0.3Ta

Trong trudng hop ddi tuong 1a khong co tu cén
bang, ddc tinh s& c6 dang nhu trén H. 9. Pay 1a 16p
dédi tuong mirc chét long (vi du mirc nude bao hoi), it
gap hon trong nha may nhiét dién.

X, s& duogce lua chon nhu sau:

Ko~ BC/AC, 1o~ OD, T|g = t;- 1o= DA,

va Ty = 100, [8] dé ham truyén O(s) 1a khau

SOPDT trong (3) c6 tinh chét tich phan.

h(t)

)

—>
t

C

H.9 Ddc tinh dong déi tuwong nhiét khong co tw cin b&ng

Sau khi dd x4c dinh dwoc thanh phin co so theo
(3) cho ca hai 16p ddi twgng c6 ty cin bang va khong
cO tu can bé'tng, thi véc to xudt phat
A= {aoo, a, aQO} cho (21) s€ duoc chon la:

ap =K, a,, =T, a,, =T,

6. Vi du minh hoa
Xét di twong diéu khién qua trinh nhiét ciia Yali Xue
va cong sy [10], 1a ham cua ap suét 16 hoi dét than
theo nhién liéu cung cép, nhu sau:

3.9551s> +1.5823540.1582 5,
0] <S): S G<s> S e 43

(28)
Trong do:
G(s)=2.5833*10%s° 4+1.4637*10%
+2.9062*%10"s* +2.4438*10°s°
+7.5588*10%s? +562.387s +1
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_ Day 12 56 ligu do thuc t€ tai mot t6 méy nhiét di¢n
dot than 300MW tai Son Bong, Trung Quoc [10]. Su
bat dinh cta ap suat 160 hoi dugc ghi nhan khi tang luu
lwong nhién li¢u & cac muc tai 60%, 73%, 87% va
100% dinh murc nhUg trén H. 10.

Mirc tang ap suat hoi dau ra cua 10 hoi khac nhau
¢ moi muc tai, d6 tdng ap suat cang giam khi muc tai
cang 16n. )

bé mo phong dai bat dinh cua qua trinh nhiét nay,
bai bao s& xem mo hinh O,(s) c6 tham s bién thién.
Cu thé O,(s)04(s) s& co chu triic mo hinh nhu cia
O,(s) nhung cac tham sd tuong ung s& bién thién
xung quanh tham sb ciia mé hinh gdc 30%, nghia la:

0.7¢, <¢, <1.3¢, (29)

Trong do, ¢; 1a cac tham s6 cua O/(s), con ¢ la
tham s6 tuong tmg cia Q (s). Tap hop tit ca cac gia
tri bién thién tham s ¢, cla 01 (s) s€ tao ra mot dai
bién thién xung quanh O(s) .

1% step increase in u, (t/h)

0.4
— 0.3 e ———
© e
o P
?’ 0.2 ,f-{'"
o~ [
= [
< 0.1
0
0 1000 2000 3000 4000

H. 10 Miic bién déi ap sudt hoi theo nhién liéu cip

Déi, tuong vong trong 1a may cp than bot vao 16
hoi. D61 trong ndy thuong la khau quén tinh bac nhat
¢0 tré. Mo hinh s€ dugc chon nhu sau:

0.43
0, (s)=
14 65.8s

M0 hinh bat dinh 0,(s) O, (s) ciing s& c6 dugc khi
cho cac tham s6 ciia n6 bién thién 30% so véi tham sb
ctia O,(s). Gia sir cac bo didu khién duoc cai dat la:

—9.5s

(30)

R2(5)15.833[1+ 31)

1
88.723s]

Rl(s):3.132[1+ +117.311s] (32)
S

469.243
Tin hi€u xung kich thich dugc chon la xung tam
giac, c6 ham truyén:

e*O.Sx

Z,(s)= TR
A

2671.55 —2.55

+
SZ

33
2 (33)
Tir so dd hé théng trén H. 1 s& do dugc cac duong

cong so li¢u nhu sau:
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a) Bdc tinh thoi gian va tan sé ciia y; lan do thir nhat

LgEes

o.oozz 4
o.oozz 4
o.oo11 4

-—
1000

H. 11 Bdc tinh thoi gian y,(t)

zoo0 =000 “0ao s000

ja

1 4

-1 4+

H. 12 Ddc tinh tin sé Y,(s)

b) Pdc tinh thoi gian va tan sé cia y, lan do thir nhat

H. 13 Dac tinh thoi gian y,(t)

40 T

0

—4o 1+

R

H. 14 Ddc tinh tin s6 Ys(s)

Vi cae dic tinh tan sb Yi(s), vé& cac dac tinh tan
s0 cua doi tugng nhu sau: Poi twong O4(s) véi dai tan
s6 @ = (0.1+2.5).
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Ja

H. 15 Anh tin s6 O,(s)

Thuc hién cac bude do tuong tu cho cac dai lugng
y1(f) v6i céac lan do thur 2, thu 3. Cudi cung s€ tong
hop dugc dai bién thién tan so cua cac doi tugng.

H. 16 Ddc tinh tin 56 O,(s) va két qud nhdn dang

Két qua nhan dang cia 01 (s) nhu trén H. 16, H. 17
va ham truyén (34).
0.1556762.4855
(1+235.065)°

0.047
(14+175.78s)

0,(s) = re’ (34)

as

H. 17 Bdn kinh bét dinh ciia O,(s) (@ = 0.5+3)

Két qua nhan dang ctia 0,(s) O,(s) nhu trén H.

18 va ham truyén (35):
~ 0.421¢ %%
0,(s) =
(140.9235)(1+ 58.465s) (35)
0.096 rol¥
(140.74s5)(1+17.236s)
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0.2

-0.2 T

H. 18 Ddc tinh tan s6 O,(s) va két qud nhdn dang

Két qua nhan dang cac dbi tuong bat dinh duoc
thé hién qua cac dac tinh thoi gian va ddc tinh tan so,
lan lugt dugc so sanh tuwong (g vaéi cac dac tinh thoi
gian va tan so cta doi tugng goc ban dau.

Dbic tinh thoi gian va dac tinh tan s6 ciia mo hinh
nhdn dang O,(s) va md hinh gbc dugc thé hién lan
luot trén cac hinh H. 19 a-b va H. 20 a-b.

gyt

H. 19 Bién thién thoi gian ciia mé hinh goc 0, (s)
19-a. M6 hinh nhdn dang; 19-b. Mé hinh géc

Trong d6, cac dic tinh thoi gian va tan s cua dbi
tugng bat dinh géc c6 dugce khi cho cac tham sé mo
hinh bién thién 30% xung quanh tham s ctia mo hinh
0,(s) ban dau tai ham truyén (28).

ja

[
01T

b)

H. 20 Bién thién tan s6 cia mé hinh go'f 0~] (s)
20-a. M6 hinh nhdn dang; 20-b. M6 hinh géc

Tuong tu véi déi tugng O, (s), thu dugc cac dic

tinh ctia m6 hinh nhan dang va mé hinh gbc gom: dic
tinh thoi gian H. 21 a&b; dic tinh tan so H. 22 a&b.
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woz(tr Ugz(ty

0.5 T

04T

0.3

0.2

o1 T

a) b)

H. 21 Bién thién thoi gian ciia mé hinh géc 0, (s)

21-a. M6 hinh nhdn dang; 21-b. M6 hinh géc

ia jn

0.3

a) b)

H. 22 Bién thién tan s6 ciia mé hinh nhdn dang 0, (g‘)

22-a. M6 hinh nhdn dang; 22-b. M6 hinh goc

7.Nhan xét
Két qua nhan dang cho thay cac dic tinh thoi gian va
tan s6 ctia md hinh nhan dang sat voi dbi tuong géc,
bude dau chimg minh hiéu quéa cua phuong phap.

Véc to xudt phat gitip thuat toan dinh dang duoc
ving nghiém tdi wu. Véc to nay chi can duoc xac dinh
tuong ddi, tir d6 thuat toan s& cho két qua md hinh
nhanh va chinh xac. Dai tan sd tinh toan cho ham muc
tiéu tdi wu hoa tai mdi lan do co thé xac dinh khac
nhau, mién 14 chung dam bao cac dic tinh tan sd nam
trong ving goc phan tu hop 1y.

8. Két luan
Phuong phap nhan dang chu dong cho phép thu théap
dir liu mot cach tin cdy, khong can thi¢p vao hé
thong va khong gay riii ro gi cho qua trinh lam viéc.

Xung kich thich can chon sao cho c6 thé dua hé
thdng trd vé trang thai x4c lap ban dau sau thoi gian
nhéit dinh. Trong trudng hop c6 st dung bd PID nén
chu y kém bg loc thich hgp cho tin hi¢u kich thich.

Mo hinh bat dinh véi thanh phan co so 1a khau
SOPDT va ban kinh bat dinh dang quan tinh bac hai
cho thiy sy phu hop trong viéc mé hinh hoa qué trinh
nhiét v6i ban chit bat dinh va phi tuyén. Do chinh xac
cua md hinh cé dugc nho vao viéc s dung thuat toan
t6i wu hoa vuot khe dé giai cic bai toan nhan dang t6i
wu phi tuyén ciing nhu viée xac dinh véc to xuat phat
hop 1y cho thuét toan.

Phuong phap dé xudt co thé thyc thi trong giai
doan van hanh thtr nghiém (commissioning) va vén
hanh binh thuong ma can chinh dinh lai hé théng.
Phwong phép c6 hiéu qua dbi véi cac hé didu khién da
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tang trong thyuc té. M6 hinh bét dinh véi dbi twong co
so 1a khau SOPDT c6 ¥ nghia rat quan trong, giup
chinh dinh b diéu khién ¢ dang PID truyén thong.
Day sé& 1 budc nghién ctru tiép theo can thyc hién.

Tai liéu tham khao

[1] Han NC, Trung NQ, Tuin DA (2002) Nha mdy
nhiét dign. NXB Khoa hoc & KV thuat

[2] Crowe J, Johnson MA, Grimble MJ (2003)
Closed loop identification of systems within
cascade connected control strategies. Proc. of
European Control Conference (ECC), pp. 399-
404

[3] Mehta U, Majhi S (2011) On-line identification
of cascade control systems based on half limit
cycle data. ISA Trans., vol. 50, pp. 473-478

[4] Jeng JC, Lee MW (2012) Identification and
Controller Tuning of Cascade Control Systems
Based on Closed-Loop Step Responses. 8th

56

(3]

(6]

Chuyén san Po lwong, Diéu khién va T dong héa, quyén 21, s6 1, 04/2018

IFAC Symposium on Advanced Control of
Chemical Processes, pp. 414-419

Manh NV (1999) Phwong phdp t6i wu héa hé
théng diéu khién bdt dinh. Luan 4n TSKH, BH
Nang luong Matxcova, LB Nga

Manh NV, Hoan VH (2006) Nhdn dang doi
twong trong hé diéu khién nhiéu vong. KHCN
Nhiét, sb 2006/3, tr. 19-23

Manh NV (1993) Ly thuyét diéu chinh qud trinh
nhié¢t. NXB DH Bach khoa Ha Noi

Manh NV, Trung BC (2017) Vé mé hinh dai
dién cia doi tuong diéu khién qua trinh nhiét.
Ning luong nhiét, s6 2017/5, tr. 22-26

Manh NV, Buc NM (2015) Phuwong phap moé
hinh héa déi twong diéu khién qud trinh nhiét
bang khdu qudn tinh bdc hai cé tré. Nang luong
nhiét, s6 2015/9, tr. 22-26

Sun L, Li D, Lee KY, Xue Y (2016) Control-
oriented modeling and analysis of direct energy
balance in coal-fired boiler-turbine unit. Control
Engineering Practice, vol. 55, pp. 38-55



