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Tom tat:

Ngay nay ad nhiéu phucing phap dé tng hap cu triic va tham s8 cho bd diéu khién trong cic hé théing diéu khién vdi cic doi
tugng odng nghiép. Nhuhg cic phuoing phép thuding tp trung tinh toén cho hé thdng diéu khiénh mét tang, trong khi do, cic
hé thng diéu khién trong cdng nghiép thuding la nhithg hé thdng nhiéu tang. Mét trong nhiihg vén dé I8n ma ngudi ki su
hiéu chinh hé thng diéu khién trong adng nghiép thuding gap phai I tinh bt dinh clia dGi tutging, nd lam cho thong 6 alia hé
thdng thay déi, dan tdi chét Iuong thay ddi theo xu hudng xau sau mét thai gian hoat dong, nén can phéi chinh dinh lai thong
3 do, dé hé thdng lam viée dat chét luong yéu cau. Vithé, bai bdo nay trinh bay mdt phuoing phap teng hap dé tinh todn hé
thdng diéu khién cho ddi tugng adng nghiép bét dinh.

Tirkhéa:
Déi tugng bét dinh; t5i ul; bén viing; quén tinh; du trf én dinh; ddc tinh tan 6.

Abstract:

Nowadays, there are many methods for synthesizing structure and parameters for controllers in control systems with industrial
objeds. But the methods often focus computation for single-stage control systems, while industrial control systems are often
multi-stage systems. One of the big problems that the control system calibration engineer in the industry often encounters is
the uncertainty of the objed, it causes the system parameters to change, leading to the quality change according to the trend
bad after a period of operation, it is necessary to re-adjust that parameter, so that the system works with the required quality.

Therefore, this paper presents a general method to calaulate the control system for the uncertain industrial object.
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Uncertain objedt; Optimal; robust; inertia; stable reserves; frequency characteristics.

1. PATVANBE
Nhu ta di biét, tir trude t6i nay co rat nhidu
phuong phap thiét ké va hiéu chinh hé thdng dicu
khién, nhu phuong phép thiét ké ciia Ziegler-
Nichols [6], cia Benjamin C. Kuo [7], Kalman
R.E [8], Morari M., Zafiriou E [9], ..., cac
phuong phap thuong tép trung giai quyet ba1 toan
tinh toan thong s6 hiéu chinh cho hé thong diéu
khién 6 1 tang, Trong khi do, trong cong nghiép
c6 khong it cac hé thong diéu khién 1a hé thong
nhiéu tang, chang han nhu hé thdng diéu khién
mitc nudc bao hoi, hé thong diéu khién nhiét d6
hoi qué nhiét, hé thdng diéu khién qué trinh chay,
hé thong diéu khién toc do tua bin, hé thong diéu
khién kich tir trong nha may dién, .. . ching déu I
hé thdng diéu khién nhiéu ting. Van dé dit ra I3,
bai todn thiét ké va hi¢u chinh céc hé thdng nhiéu
tAng trong cong nghicp la rat thiét thuc, nhung
nhiing phat trién vé& 1y thuyét dicu khién | trong
nhiéu nim qua it c6 tac dong dén thyc tién san

xuét. Thiét bi diéu khién van duoc diéu chinh theo
kinh nghiém hoac dua trén céc so dd diéu chinh
duoe cai tién tir cac luat diéu chinh coa Ziegler-
Nichols dé xuét tirnm 1940. Céc van dé phire tap
hon chi yéu duoc giai quyét bang cac thi nghiém
mb phong ngau nhién va nghién ciu dién hinh.
Nhin lai qua trinh ching ta 6 thé thay ring, cac ky
thuat hién tai chua giai quyét triét dé duoc cac van
d& phurc tap 1am cho nguoi k¥ sur thuong phai may
mo, chinh dinh theo kinh nghiém dé tim kiém cac
thong s ciia hé théng, Cach 1am d6 thudng mét
rat nhicu thoi gian va thong sb tim duoc c6 thé
khong 1am cho hé thdng 6n dinh bén vimg, boi
ban chat cac di tuong trong cong nghiép 1a bat
dinh vi phu tai va m6i truong xung quanh chung
thay d6i thuong xuyén.

Nhur vy, chiing ta can phéi quan tim nghién ctu
dé c6 thém phuong phap tinh toan cac thong sb
cho céc hé thong diéu khién trong cong nghiép.
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Mt khac, linh vue ky thuat sb dong mot
vai tro rat quan trong trong hau hét cac nganh cong
nghiép, ching han nhu trong k§ thudt truyén
thong, trong k¥ thuat do ludng, trong ki thuét diéu
khién, v.v... s& di ching duoc p dung rong ri va
phat trién mot cach nhanh chéng, boi chiing ¢6 céc
wu diém 1on nhur: kha nang xur Iy cac thuat toan rat
linh dong, do chng nhidu cao, dé truyén sb liGu di
xa, thuan tién trong viéc cit giir va xtr Iy s6 liéu,
v.v... Vi vy, muc tiéu ctia bai bao ndy la tim mot
phuong phap tong quat va hiéu qua dé tong hop
hé thong diéu khién sb nhleu tang phtl hop voi
nhiing thay d6i bét dinh von tiém tang & trong no.
Sau déy s€ trinh bay phuong phap tong hop cac hé
thong diéu khién s6 trén quan diém bén viing t6i
uu cht luong cao [1], [2], (3], [41, [5]-

Gia str mot hé thong diéu khién s6
¢6 ciu triic nhu hinh1, trong d6 u(z)-gia tri

2. Co sé ctia phwong phap
Ta d biét rang luat didu khién bén viing t6i
wu chét luong cao [1], [2], [3] cO cAu trac

Ia
R(z) = Za__zl [WDTQD(Z)]_l

- (za—z12)2 ) [Z {OP:(S)}]_l )

, 1
Trong d6 a = rE

Wharop (2) = Wyou(2)0(2), ()
_ A _ ap+ass+.tams™  Wy(s)
OPT(S) T B(s)  14byS+.+bpsh eTs

1a phan phan thic trong ham truyén mé ta
dbi twong cong nghiép [1],

O(s) = ™.0p1(s) = €™15.0p1(s), ==nT
(n-1a sb nguyén duong), 3)
T 1a chu ky cit mau, o 14 tan s6, O(Z) 1a
chuyén doi Z cta O (s)
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dat; A-td hop cac tac dong nhiéu; y(z)-dap
ng ra cua hé thong; R, (z) 0,(2), L(Z)

lan luot la cac ham tmyen ciia bo dicu
chinh s tang 1, ciia ddi tuong 1 theo kénh
diéu chinh va kénh tac dong nhiéu

R,(z),0, (Z) lan luot la cac ham truyén
ctia b diéu chinh sb tang 2, cua d6i tuong
2 theo kénh diéu chinh va kénh tac dong
nhidu; z=eT;s =a+jo ; wyu(2) la
khau giit mau bac khong.

Bai toan dat ra la: Véi 0, (2),0,(2),L(2)
da biét. Hay xdc dinh cdu tric va cdc tham
$6 cuia cdc bg diéu chinh Ry(z), R,(2) sao
cho dudi cac tac dong nhiéu A thi do sai
léch giita dai lwong ra y(z) va tin hiéu dat
u(z) ciia hé thong la nhé nhat.

Wo(s) 1a ham truyén cua doi tuong dicu
khién; t 1a thoi gian tré; ao, ai,...,am, b,
ba,...,bn 12 cac h¢ so; s-toan tir Laplace, z-

toan tur ro1 rac.

Ta dua vao khai niém chi sb dao dong
mém. Chi sé dao dong mém dugc dinh
nghia [3], [4]:

m =my(1—e ) /(alw|),
0<e<r, (4)

trong d6, mo=const — gia tri dau, co y
nghia nhu chi s6 dao dong kinh dién [5];
o — hé s6 mém hoa, thuong chon o =

0,27, 7— thoi gian tré cua ddi tugng.

Gia str, s;=f;tj @ (0=0) la nghiém da thirc
dic tinh ctia hé théng diéu khién bén vimg
t6i wu [1], [2] khi d6 nghiém cua phuong

trinh déc tinh ludén c6 £i<0.

Dit Bi = mw; thay Bi vao nghiém phuong trinh dic tinh ciia hé thong ta duoc

si=-mi Hjoi (0i=0)

)
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Thay (5) vao hé ho tuong tng, khi d6 hé hd
duoc tinh theo m va w va ta goi l1a dac tinh

mém cua hé ho.

3. Tong hop céu tric b diéu khién sé
chit lwgng cao cho hé nhiéu ting

Theo phurong phéap bién ddi so dd cu tric thong
thuong, ta co thé bién doi hé théng dicu khién
nhiu tang vé hé thdng diéu khién mot tang, vi thé,
cach diit van dé & muc 1 1a dam bao tong quét cho

i

2 3) L(z)

hé thong diéu khién nhiéu tang. Chang han, ta xét
mdt hé thong diéu khién 2 tang nhu hinh 1 , trong
doRi(z)- b0 diéu khién tang trong; Ro(z)- bO diéu
khlen tAng ngoai; O1(2)- ddi tuong dleu khién cia
tang trong; Oz(z) doi tuong ciia tang ngoal

W (z)ham truyen dat hé kin coa ting 1;

WX (2)- ham truyén dat kin clia ting 2 .

Khi do, tir sod hinh 1 ta ¢ thé bién ddi chu tric
dura vé so dd cAu triic hinh 2 va hinh 3.

—» Wzon(z

0,(2) _y ¥(z)

A 4

0.(2)

£+§§—> Ry(2) —n»<f—> Ry(2)

Wi (2)

W5 (2)

Hinh 1: So' d6 cdu triic hé thong diéu khién 2 tang

L(z)

lép

A

Wi (2)

0,(z2) —»O+—>

A 4

u(z) _
.%; R,(z

Wy (2)

Hinh 2: So d6 cdu triic hé thong diéu khién twong dwcong hinh 1

Az)

u(z)

W5 (2);

i ¥(z)

Hinh 3: So' d6 cau triic hé diéu khién twong dwong hinh 2

Tuy nhién, do hé thong nhiéu ting thuong c6 do
quéan tinh céc tang cach nhaumdt khoang thoi gian
khé dai, nén khi ting trong da xir I xong di liéu,
dang ¢ trang thai cho dé dén luot xir 1y sau, trong

Iic d6, ting ngoai dang sﬁn sang nhan tin hiéu dé
xtr Iy. Do vay, lic nay tAng trong coi nhur bi ho,
nén ta c6 so dd cau tric trén quan diém do quan
tinh cach nhau 1 khoang thoi gian dai la:

56

S6 28



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUONG DAl HOC PIEN LUC

L(z)

lm»
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u(z) K

—» Wzon(z

> Ry(2) —>Q—> Ry (2)

¥(z)

A 4

01(2) | 02(2) >

WZH (2)

WS (2)

Hinh 4: So' d6 cdu triic hé thong diéu khién tang 2

Dicu kién dé hé thong diéu khién trss thanh h¢
thong diéu khién t6i uu bén viing chat hegng cao
[1],[2,/4], [5] thi hé h phai thoa man ﬁ; v6i

1 N A A B A oA <A
a =—9;9—1aﬂ1amsot011rucuabodleukh1m

©)
Xét voi hé nhi€u tang ta c6, di€u kién d€ h¢ thong
diéu khién nhicu tang trd thanh hé thong dicu

khién t6i uu bén viing chét Iugng cao thi timg tang
trong hé thdng phai thoa mén (1).

Nhur d phan tich & trén, voi hé thng nhiéu tang
thi d§ quan tinh cua tAng ngoai thuong 16n hon rt
nhiéu S0 Vol tAng trong, qua trinh qua d6 cua tang
trong it rét nhanh so voi tAng ngoai. Do do, ta co
the tach riéng va tinh toan hi¢u chinh cho timg
tang.

Két hop v6i cac hinh 1 va hinh 2 ta ¢6:
Ry(2). Wz0n(2).01(2) = — o
Ry(2).W1 (2).0,(2) = ;
tirhé (7) suy ra
_ aiz
Ri(@) = (= DW 208 @)0:@) ©)
_ 2
R(2) = i mose ©
Oday 0,(2), 0,(2) 1acac ddi tuong cong nghiép bat ky thudc ting trong va ting ngoai,
t¥ong do: W1H (Z,) = R1,(Z) Wzon (?) 0, QZ) = R1 (Z)WQTQD1 (2)
Ap dung (2) vao (8) va (9) ta viet dugc cau triic by dieu khién ciia tang 1 va tang 2 nhu sau:
-1
Ry (2) =25 [Worger (2)] (10)
Ry(2) = 225 W (2)0,()] ™ = 225 [Ru(2)02(2) Worgen ()] (11
Tuong tu, néumd réng cho hé 3, tang, 4 tang, ta co
R3(2) = 25 [Ro(2)R: (2)05(2) 02 (2)Worgor ()]
Ry(2) = == [R3(z)Rz(z)Rl(z)04(z)03(z)oz(z)wmm(z)]
Ap dung (1) vao (10) va (1 1) thi (10) va (1 1) tr& thanh:
22 oPT -1
R,(2) = (z 1)2 [Z {T}] (12)
-1
Ry(2) = 2[R, ()0, ()] [ {2]] (13)

M6 16ng cho hé 3 tang, 4 ting ta co
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R3(Z) 1)2 [RZ(Z)Rl(Z)] 1[05(2)0,(2)]” 1[ {OST}]
Ry(2) = 1)2 [Rs(Z)Rz(Z)Rl(Z)] 104(2)03(2)02(2)]” 1[ {OTT}]

-1

-1

Do do, tong quat ho cho hé thdng diéu khién nhiéu vong (n tang) thi cau triic bén viimg chat lugng cao ciia

b diéu khién trong hé thng 14:
Tangl: R,(2) =
Tr tAng thir 2 trd ra, cAu triic ciia b dicu khién 14:

R = B2 TR0 @1 [2 {21]
= TR0 (] [2 {2]]

Hoac Ri41(2)

4. TONG HQP THAM SO HE THONG
PIEU KHIEN NHIEU TANG

Ta thy riang, néu tich timg tang riéng 18 hay xét
20p theo cach bién dbi so' dd cau triic thi cAu tric
timg tang déu phai thoa man diéu kién ham truyén
ctia hé ho c6 cdu triic bén viing cht luong cao [1],
[2], [4] va thoa man tiéu chuidn Nyquist mo
rong [10]: Piéu kién can va da dé hé kin
béo ton do dy trit 6n dinh cta hé ho 1a dic
tinh mém cua hé hé di qua va khong bao
diém toi han (-1, jO) trén hé toa do phurc.
Vay diéu kién dé 0 dat cuc tiéu 1 hé kin nam
trén bién du trir On dinh:

a

01

(z- 1; [Z {;

(14)
-1
voii > 1
-1
V6ii> 1 (15)
WA (- mo + jo) = —1. (16)

Miit khac, d6i v6i hé théng nhiéu tang thi d6 quan
tinh ctia tAng ngoai thuong 16n hon rét nhiéu so voi
tAng trong, qué trinh qua d6 ciia tAng trong tit rt
nhanh so véi tang ngoai. Do do, ta c6 thé tach
riéng va tinh todn hiéu chinh cho timg ting, Vi
vay, phuong phap tong hop tham s6 ctia hé thdng
nhiéu tAng ciing gidng nhu phuong phap tong hop
hé théng mot ting. Khi d6 tham s tdi wu ciia céc
tAng trong cling ctia hé théng diéu khién dugc tinh

nhu sau:

a a

)= 2 -

bit e™®=p suyra WH(z) =

Wr(z) =

1-z-1 :l_e—TS - 1—e-T(-mrotjo) =

1—eTmoweg—jaT)

a _ a

1-be—JjoT — 1— b

cos(wT)+j sin(wT)

a[cos(al +jsin(ol)] U jaQ

cos(wl) — b + jsin(wl) P+ jQ +P+jQ ;

v&i P = cos(wT) — b; Q = sin(wT); U = acos(aT) WH(2).

U P+aQ?

. Q(aP-U)

Biénddi W (z) taduge WH (z) =

P2+ Q2

Két hop véi diéu kién (16), ta suy ra hé phuong

trinh sau:

P24+ Q2%
UP+aQ? _ 1
P2+Qz
Q(aP-U) _ 0

P2+ Q2
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(U P+aQ? -1

P2+ Q2
= Q=0 (17)
P

1) Xétvéia = %,héphuongtﬁnh(ﬂ)tréthénh:

U P+aQ? 2
= -1 UP+aQ? _ 1 («
P2+ Q2 3 { (*)

U P2+ Q?
a=- U=aP (**)
thay (**) vao (*) va gidanudc tadugc a = —1 vo

1y,
vay trong truong hop nay hé (17) vo nghiém.

2) Xét véi Q = 0, hé phuong trinh (17) tro

thanh:
P
Q =
a cos(awT) - _1
& {cos(aT)—eTme
Sin(aT) = 0
_ 1 eT™Mo_cos(wT)
O{a T e cos(wT)
Sin(wl) =0
_1_ eTMmo_cos(wT)
<:>§ a= 0 cos(wT)
oT = kx, Vk nguyén duwong

Ta thay gia tri k = 0 1am cho tham s6 t6i vu
0 —ac; k 1¢ lam cho phuong trinh 6 <0. Do
d6 k phai chan. Vay chon k =2.

Ta suy ra 0 = oD~ (Ig)

e2mMm _cos(27) N

Dé v rang, ddi véi dbi trong khong co tré, tic 1
=0, khi d6 d& thy chi sb dao dong mém m —

myp. Tham s0 t6i uu cac bd dicu khién trong cac

(ISSN: 1859 - 4557)

tAng ctia hé thong nhidu tang trd thanh

1
0= g (19)
Nhur vdy, bai todn tong hop hé théng di’éu khlén
khién s6 nhi€u tang theo phuong phap 61 uu bén
ving duoc viet gon lai nhu sau:

r 2 b PT r
- Tim bién doi z cia phan phén thirc 21~ ciia di
tuong djéu khiép tang 1 )
- Tim cau triic tang 1 ctia hé thong theo cong thiic
(14)
- Tim cau tric tang thir 1 (Vi imin = 1) ctia hé thong
theo cong thire (15)
- Néu déi tuong khong ¢ trg, thong s6 O ciia cac

tAng tinh theo phuong trinh (19)

- Néu dbi tuong co tré, thong s6 O cua cac ting
tinh theo phuong trinh (18).

5. KIEM CHUNG PHUONG PHAP

Ta s&kiém chimg phuong phap dé xuét thong qua
vi du sau: ’ . 7
Gia stir hé ‘ghéng dicu khién nhiét d6 hoi qua nhiét
¢06 so do cau truc nhu hinh 1, trong do:

01() = kys; 05(s) = 2% ;

s+b

1-eTs

bo gitt miu bac khong Wyoy(s) = .
Hay xéc dinh chu triic va tham tham sb ctia cac bo
dicu khién dé h¢ thong on dinh bén vimg?
Bietk; =’3; ko= 7, b =v9; T=0,5. .
Trude het, chuyén doi Ox(s) sang mién anh z,
04(2) = 22, by = &7
\Z_bl r ~

Ham truyén ctia doi tuong Oi(s) khong co tre nén
0fT(s) = kys

. ofT 0P 1 1
&nt"*lwmkhﬂ .
Ap dung chg thire (14) ta tinh duoc cau tric bo
dicu khién tang 1 1a:

Ri(2) =

a]_Zz ﬂ -1 _ a]_ZZ i _
(z—1)? [Z{ s }] T (z-1)2ky
ZZ
01k (z—1)2
Ap dung cong thie (15) cho truong hop i =1 ta
tinh dugc cau tric b diéu khién tang 2 1a:

b, =e

S6 28

59



TAP CHi KHOA HOC VA CONG NGHE NANG LUONG - TRUONG DAI HOC DIEN LUC

(ISSN: 1859 - 4557)

Ry(2) = 2 LR, (2)0,(2)] 'z { : }]_1 _

azzz kl(Z—l)z Z—bl 1

Tinh thong s6 t5i uu ctia bd diéu khién:

(z-1)2 aq,z2 kyz kq
ay(z=by) _ 6,(z—by)
RZ( ) - a kzZ - szzz
Ry(2) = Ry(z) = S5

Do céc dbi tuong da cho khong c6 tré, 4p dung
phuong trinh (19) ta c6 théng s6 t6i uu cla timg
tang la:

91 = 92 = m = 0,‘1107
Vay b diéu khién tim dugc cuia cac tang 1a:

03321(z 1)2’ 7z

Kiém chimg tinh ding ddn va hiéu qua cua
phuong phép dé xuét:

Pé tién kiém chimg tinh dtng d4n va chat luong
diéu chinh ciia phuong phép, ta tinh him truyén
ctia hé hé va hé kin ctia hé thong, khi d6 ta co:

Warop1(2) = Wzon(2)0,(2) = kl(z_l) = S(Zz_l)

W1 (2) = Rl(Z)WBTQDl(Z) 6(z-1) 0,1105(2—1)

W3 (2) = Ry (2)W{' (2)0,(2) = glg(:k;l) gl(zz_l) zk_zzjl - 92(22-1) - 01107(2 1) (20)
Wy (2) = 131;1:;’2) = %D ejfz(i)lizz Sz = Tiore i b

V& dic tinh mém ctia hé hé (20) va diic tinh qua
d0 ctia hé théng kin (21) trong phan mém Matlab,
dong thoi thay doi hé s t6i uu ciia bd diéu khién
theo xu hudng ting dan, ta thu duoc cac dudng
dac tinh qua d¢ hinh 5, hinh 6, hinh 7, dac tinh
mém ciahé hé hinh 8.

Amplitude

Hinh 5: Dactmhquadovm@ =0,1107

Step Respons

Amplitude

theta = 0,3807

Time (s¢ seconds| s)

Hinh 7: Dactmhquadovme =0,3807
khién

6. KET LUAN
- Phuong phap tong hop cau tric va tham sd bo
dicéu khién bén viing ti wu chat lugng cao ciia hé

Cac duong dic tinh qua do khong co d6 qua diéu
chinh va thoi gian diéu chinh ngan ma van dam
bao du trir dn dinh. Puong déc tinh mém cia téng
2 ciia hé cho ta thay hé kin diéu chinh dam bao dur
trit 6n dinh mo=0,367.

Step Response

System: wk2
seconds): 4.3
T Amplitude: 1

o
»

| theta = 0,1807
86
84
0

Hinh 6: Dactmhquadovm@ =0,1807

Amplitude

Tme1 onds)

Hinh 8: Déc tinh mém hé véi cic hé s6 b diéu
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thong diéu khién nhiéu ting trinh bay trong bai
béo ndy 1a phuong phap tong quat, phi hop voi
ddi twong cong nghiép bat dinh va khong bt dinh.
- C6 thé ap dung phuong phap tac gia dé xuat dé
tinh toan va hi€u chinh cac hé théng diéu khién
trong cong nghiép mat cach thuén loi, cho ra két
quéa nhanh va chat luong diéu chinh dam bao do

(ISSN: 1859 - 4557)

durtrir 6n dinh. Thoi gian diéu chinh nhanh va dam
bao khong c6 do qua diéu chinh.

- Phuong phép tac gia dé xudt, cho ta xic dinh
tham s6 i uu ctia b diéu khién sb nhiéu ting
dam bao hé thong c¢6 dur trix on dinh cho trudc doi
voi toan b dai thay ddi bat dinh ctia dbi tuong va
cach tinh toan don gian.
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