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Tém tit: Bai bao trinh bay viéc tong ‘hop 1énh dleu khién van cép nudc cho tude
bin nha may thity dién vira va nhé nham on dinh tan s6 dién ap phat trong diéu kién tai
thay doi trén co so ap dung 1y thuyét diéu khién tdi wu.

1. MO PAU

M6t m6 hinh toan mo ta quan hé gilta goc quay canh lai huéng cua van cip nudc
c6 thé ning va dong ning cho tude bin cua té hop tude bin - may phat dién trong nha
may thuy dién vira va nho da dugc chung t6i xay dung dwa trén nguyén 1y diéu khién on
dinh [1], [2]. Tuy nhién, trong cdng trinh nay, thudt toan hinh thanh gia tri Iénh U nham
6n dinh tan s6 dién ap phat ¢ gla tri chuan 50 Hz chwa dugc phan tich cu thé. Hién nay,
dé diéu khién van cip nudc, cac nha may thiy dién thudng ap dung luat PID tin hi¢u sai
léch giita tan s quay hién c6 ciia tudce bin véi tan s chuan @, . Nhu bai bao [2] da phan
tich, cac tham s6 mo hinh mé ta dong hoc quay tudc bin thity dién vira va nhé khéng co
bé diéu ap thuong thay doi, phu thudc vao cao trinh ctia hd chira nude hoic toe do6 dong
chay, do d6, thuong xuyén phai chinh dinh tham s6 theo luat diéu khién PID, gay kho
khan trong khai thac van hanh nha may. Trong bai bdo nay, nhom tac gia trinh bay giai
phap tao 1énh dleu khlen goc mo canh 1ai huéng didu chinh dong nude cap vao tude bin
nham duy tri tan s6 dién ap phét ra ctia may phat dién ¢ gia tri danh dinh 50 Hz nhd ap
dung 1y thuyét diéu khién t6i wu.

2. XAY DUNG LUAT DIEU KHIEN VAN CAP NUGC CHO TUOC BIN
THUY DIEN

M6 hinh mo ta quan hé giita tin hi¢u diéu khién quay canh 1ai huéng va tan s
quay cua tuoc bin dugc dua ra nhu sau [2]:

799, h—Ka+z, 1)
dt

d’a da_KU+z 2
“ 4t dt

trong do: cac tham s6 T, T,, K, K, phu thudc vao ap luc va tdc do chay cua cot nudc;
tham s6 z, phu thugc vao ap luc, dong chay va tai tiéu thu duoc phan b6 cho may phat
dién; tham sb Z, phu thudc vao ap luc cot nudc; o la tan s quay cua tude bin; o & goc
md ctia canh l4i hudng; U 1a tin hiéu diéu khién canh lai huéng dong nuée. Pay la cac
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tham s6 bat dinh. Thuét toan nhan dang xac dinh cac tham s6 bat dinh nay da dugc trinh
bay trong bai bao [2].

Chung ta biét rang thong tin sai 1éch giita tn sé dién 4p phat ra va tdn sd chuan
@, =27 f,=2750=1007 (rad/s) la thong tin co ban dé hinh thanh tin hi¢u diéu khién. Do

do, ta co thé dit bién mo ta thong tin sai 1éch nhu sau:

X, =0—a, (3)
hay
©=X%+a@,. (4)
Sau khi thay (4) vao (1) ta nhan dugc phuong trinh
Td—);i+xl+a)0=Ka+Zl. (5)

Ta tiép tuc dat bién mo ta goc lai hudng, toc dd quay canh lai hudéng tuong tng
nhu sau:

X =a, (6)
da
X, =00 =—. 7
| 3 ot ()
Vi cach dat bién trong (6), (7), phuong trinh (2) c6 dang
T X +%=KU+z,. (8)
Tir ba phuong trinh vi phan tuyén tinh (5), (7), (8), ta c6 hé dong hoc tuyén tinh
X — _i + 5 X, + M (9)
Xl T Xl T 2 T ’
X, =X, (10)
, X; K, z,
X =—7+—U+—=. (11)
Ta Ta TC{

Sau khi dit véc to trang thai
X = (X,%;)" (12)
va st dung ba phuong trinh (9), (10), (11), ta nhan dugc phuong trinh dong hoc trang
thai

X =AX +BU +CV, (13)
trong do
a,,8,,8,4 0 Ci,Cp,
A= Ay 8,85 |5 B=|0|; C= C1Cs | (14)
8318558 b C31Ca
v6i cac phan tir ma trn
1 K
auz_?;aiz_?;am:o (15)
a21:0;azz=0;aza=1 (16)
1
a31:O;a32:0;a33:_T_ (17)
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K
b= u 18
T (18)
1, _ _ . . 1
C11=?yC12=0,021:O;C22=01032:0’(:33:-'-(1 (19)
Vi
V = TV =Z2 -y, V,=1,. (20)
Vs

Nhiém vu diéu khién may phat dién ¢ cic nha may thuy dién bao gdm: 1) diéu
khién kich tir rotor may phat dé bién do dién ap phat ra on dinh ¢ gia tri danh dinh; 2)
di€u khién canh 1ai huédng dong nudc cap cho tude bin quay rotor ddm bdo tan so dién ap
phét ra 6n dinh & gi4 tri danh dinh trong dai thay d6i ctia tai z, do hé thong dién ludi yéu
cau. Viéc diéu khién phan kich tir da dugc nghién ctru va cong bd [1], khong duoc xem
x¢€t trong bai bao nay. Doi vdi tat ca cac may phat dién thuy luc hién c6 ¢ nude ta hién
nay, thuat toan diéu khién canh 1ai hudng thuong ap dung thuat toan hinh thanh 1énh dicu
khién PID [1] tin hi¢u sai léch x,. Tuy nhién, thuat toan nay sé& c6 thoi gian qua do khac
nhau khi tai z, thay doi. Ngoai ra, bo hé s cho thiét bi diéu khién PID chi hop 1y khi cac
tham s cua cac ma tran A, B, C trong mé hinh (13) khong thay d6i. Trong qua trinh hoat
dong, do tai tiéu thu dién nang thay doi nén tan so quay cua may phat dlen s& thay doi,
chéch khoi tan sé chuin (@, =1007 ). Do do, néu tai giam thi o> @, ; néu tai tang thi

< @,. Nhiém vu diéu khién phai thay d6i goc mé canh 1ai huéng dong nudc dé tan sb
quay vé gié tri chuan w, , tuc 1a dua gia tri X, tién vé gia tri khong ( X, > 0).

Ttr sy phén tich néi trén, ta co thé thiét 1ap bai toan diéu khién téi wu nhu sau: tim
quy luat thay doi gia tri tham s6 U tac dong vao hé dong hoc (13) sao cho phiém ham

T¢
J :%j(qxf +rU?)dt — min. (21)
0
Phiém ham t6i wu (21) thé hién mong muén dua sai 1énh tan s6 dién ap phat ra

nhanh chong vé gié tri khong va ning luong diéu khién qua trinh dat gia tri nho nhat. Khi
do, phiém ham (21) ¢6 thé dugc viét dudi dang chuan

Tf
J =%I(XTQX +UTRU)dt — min (22)
0
trong d6 T, 1a thoi gian két thiic qua trinh diéu khién (d6i khi néu T, du 16n co thé coi
T, =) va:
. GiGh2 |, - _ — —0'R=
Q= ; Oy =0; O, =0 =0, =0; R=[r]. (23)
02105,

Chuing ta ap dung 1y thuyét diéu khién téi wu [3, 4] dé giai bai toan néu trén nham
xéac dinh quy luét thay d6i cua gia tri U . Trudc tién, ta thiét 1ap ham Hamilton
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H :%<X,QX>+%<U,RU>+<AX,P>+<BU,P>+<CZ,P>. (24)
O day, ky hiéu (,) 1a tich vo huéng cua hai véc-to [5]. Véc-to P(t) duoc xac dinh theo
2 dp 5H T
P(t)=— =——=—-QX(t)- ATP(t 25
®) i QX(t) (t) (25)
véi diéu kién bién
P(T;)=0. (26)
Quy dao tdi wu théa man dang thirc
_OH =0. (27)
au (t)
Tu (24) va (27) taco
oH
—=RU(t)+B'P(t)=0. 28
20 ®) t) (28)
Tir d6
U(t)=—R'B"P(t). (29)
C6 thé dat véc to P(t) dudi dang
P(t) = K, ()X (1) + K. (). (30)
Dé dam bao diéu kién bién (26) phai co hai diéu kién
K, (T,)=0, (31)
K,(T;)=0. (32)

Dé xac dinh ma tran K (t) va véc to K (t) ta can phai xdy dung cic phuong
trinh. Tu (30), ta o

P(t) = K, ()X (t) + K X () +K,(t). (33)
Tur (25) va (33) ta c6 phuong trinh
K ()X (1) +K X(t)+K, () =—QX (t) - ATP(t). (34)
Thay X (t) trong vé trai cua (34) bang vé phai ctia biéu thirc (13), ta nhan dugc
K, ()X (t) + K (AX + BU +CV) + K, (t) =—QX (t) - AP(t) (35)
ha
’ K, ()X (t) + K, (AX + BU +CV) + K, (t) + QX (t) + AP(t) =0. (36)

Thay véc to U (t) theo (29) vao (36) ta co
K, ()X (t)+ K, (AX =BR™BTP(t) +CV) + K (t) + QX (t) + ATP(t) =0.  (37)
Thay véc-to P(t) trong biéu thirc (37) bang vé phai cua biéu thirc (30), ta c6 phuong
trinh
K, ()X (t) + K,[AX —BR™B" (K (t) X (t) + K (t)) + CV]
+K, (1) + QX (t) + AT (K, (t) X (t) + K, (t)) =0 '
Nhom céc s6 hang ¢ chira X (t) trong vé phai phuong trinh (38) v6i nhau, ta nhan dugc
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phuong trinh
[K, (0) + K, () A+ ATK, (t) - K, () BR'BTK, (t) + QIX (t)
HK, () - (K,BR'B"K, — AT)K, +K,CV]=0 '
Dé phuong trinh (39) dung véi moi gia tri X (t), ta d& dang nhan thdy K (t) va

(39)

K, (t) phai théa man hai phuong trinh
K () +K (t)A+ATK (1) -K (1)BR'B'K (1) +Q =0, (40)
K,(t)-(K,BR'B'K, —A")K, + K CV =0. (41)

Két hop phuong trinh (40) véi didu kién bién (31); két hop phuong trinh (41) véi
diéu kién bién (32), ta nhan duoc hai h¢ phuong trinh vi phan dé xac dinh ma tran
K, (t) va véc-to K (t):

KX (t) = _Kx (t)A_ AT Kx (t) + Kx (t) BR?lBT Kx(t) _Q ; Kx (Tf ) =0 ) (42)
K,(®) = (K, (BRBTK, (t) - AT)K, — K, ()CV ; K,(T,) =0. (43)

Tir (42) ta thiy: dé xac dinh K (t) can biét cic ma train A, B, R, Q. Day chinh
1a phuong trinh Ricatri. Vi diéu kién bién cua phuong trinh vi phan (43) & phia phai nén
dé xac dinh K, (t) ¢ thoi diém hién tai t can phai c6 thong tin vé V trong khoang thoi
gian twong lai (t;T,]. Vi hé phuong trinh vi phan (43) 1a hé tuyén tinh v&i diéu kién bién

& bén phai nén nghiém s¢ la [5]
Ts
K, (t) = j eMCV (r)dr (44)
t

trong do A 1a ma tran
A=—(KBR'B'K —A"). (45)

Theo [4], trong truong hop thoi gian tich phan T, dai va véc-to V (t) khdng thay
doi thi nghiém phuong trinh (42) va (43) ¢6 thé duoc xéac dinh trén co so giai hé phuong
trinh dai so

~-K,A-A'K_+K BR'B'K, -Q=0, (46)
—(K,BR'B'K, —A")K,+K CV =0. 47)

D3 c6 nhiéu thuat toan dé giai hé phuong trinh phi tuyén bac hai Ricatri (46) [4].
Sau khi xac dinh dugc ma trdn h¢ s6 K, thi nghiém cua hé phuong trinh dai so6 tuyén tinh
47 la

K, =A"K .CV (48)
trong do
A=—(KBR'B'K —A"). (49)
Pé xac dinh K, theo (46) va K, theo (48) can c6 thong tin day dii vé cac ma tran
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A, B, C cua hé dong hoc (13); ma tran cac ham phat Q, R trong tiéu chuan tdi wu (22);
thong tin vé& nhifu va tai V. Céac thong tin dé xac dinh A, B, C, V di duoc trinh bay
trong [2]; con hé s6 phat ¢ trong ma tran Q, hé sb phat r trong ma tran R s& dugc xéac
dinh tir qué trinh khai thac st dung nha may thuy dién vira va nho, dugc xac dinh bfmg
thuc nghiém tai hién truong theo trang thai hoat dong ciia nha may.

Sau khi x4c dinh dugc K, K, va tir cac biéu thirc (29) va (30), s& c6 1énh diéu
khién t6i wu m& canh 14i hudng cip nudce cho tude bin quay may phat dién nhu sau:

Ut)=-R'B'P(t)=—R'B'K X -R™'B'K,. (50)

Biéu thtrc (50) cho thay: dé tong hop duogc 1énh diéu khién t6i wu, can xac dinh
K, bang cach giai phuong trinh (46), véc to K, bang (48) Pé xac dinh véc-to trang thai
X trong phuong trinh (13) can do do sai léch gitra tan sé dién ap may phat va tan sb dién
ap ludi chuan goc md canh 1ai hudng va toc d6 mo cua nd. Nhu vy, dé xac dinh dugc
cac tham sd trén, cac thiét bi do phai duoc gan vao td hop tude bin - may phat tai cac vi
tri can do tuong Ung. Trong tru@rng hop khong do duch,: tryc tiép ma phai quan sat thi can
phai co thuat todn cung phan mém quan sat cac tham so do.

KET LUAN

Thuat toan diéu khién tdi wu cho qué trinh cap nudc cho tudc bin may phat dién
da duoc xay dung dua trén co sé 1y thuyét didu khién t6i uu ctia hé dong hoc tuyén tinh.
Két qua nay c6 thé ap dung cho trudng hop xac dinh cac tham sd bién ddi trong qué trinh
hoat dong. Thuét toan duoc trinh bay trong bai bao 1 co s dé thiét 1ap phan mém khi
thiét ké ché tao h¢ théng diéu khién cho t6 hop tudc bin - may phat dién. Bang phuong
phap nay, dién ap, tan s cla nguén dién phat ra s€ duoc khéng ché véi d6 6n dinh cao.
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SUMMARY

A CONTROL LOGARITHM TO OPEN GUIDE VANE SUPPLYING WATER
TO TURBINE OF MEDIUM AND SMALL HYDROELECTRIC FACTORIES

In this paper, the laws to control the guide vane supplying water to turbine of
medium and small hydrolelectric factories are synthesized by optimal control theory. By
that, the frequency of generated voltage will be stabilized under condition of carry
changing.
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