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XAY DUNG THUAT TOAN MO CANH LAI HWONG CAP NUOC
VAO TURBIN NHA MAY THUY DIEN VU’A VA NHO

A CONTROL ALGORITHM TO OPEN RUDDER SUPPLYING WATER
TO TURBINE OF SMALL AND MEDIUM HYDRO POWER PLANTS

Tom tat:

Dang Tién Trung

Truong Dai hoc Dién luc

Bai bao trinh bay viéc ap dung ly thuyét diéu khién t6i uu dé€ tng hop lénh diéu khién canh lai
huéng cdp nudc cho turbin & nha may thiy dién vira va nho nhdm &n dinh tan s8 dién ap phat trong

diéu kién tai thay déi.
T khéa:
Diéu khién t8i uu, canh 1&i hudng, tan s8 chuén.

Abstract:

In this paper, the laws to control the rudder supplying water to turbine of small and medium hydro
power plants are synthesized by optimal control theory. By that, the frequency of generated voltage

will be stabilized under changing load.
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1. MO PAU

Trong bai bao [2] da trinh bay md hinh
todn mo ta quan hé gitra goc quay canh lai
huéng cap ngudn ning luong thé ning va
dong nang cta cot nudce cho turbin cia to
hop “turbin + may phat dién” trong nha
may thuy dién vira va nhd. Tuy nhién
chua trinh bay thuat toan hinh thanh gia
tri 1énh U nham 6n dinh tan s6 dién 4p
phat & gia tri chuan 50 Hz. Trong bai bao
nay nhom tac gia s€ trinh bay giai phéap ap

Ngay nhan bai: 12/11/2017, ngay chap nhan
dang: 18/12/2017, phan bién: TS. Mai Hoang
Cong Minh.

dung 1y thuyét diéu khién t6i wu dé tao
lénh diéu khién géc m& canh 1ai hudng
diéu chinh dong nudc cép vao turbin
nham duy tri tan s6 dién ap phat ra cia
may phat dién ¢ gid tri danh dinh 50 Hz
trong diéu kién phy tai thay doi va cao
trinh cot nude thay doi.

2. XAY DUNG THUAT TOAN bBIEU
KHIEN CANH LAI HYONG DONG NU'OC
VAO TURBIN THUY DIEN

Trong bai bao [2] di cho thdy mé hinh mo
ta quan hé giira tin hiéu diéu khién quay
canh l4i hudng va tan s quay cua turbin

22

S6 14 thang 12-2017



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUGNG DAI HOC BIEN LUC

nhu sau:

dw

T—+o=Ka+z 1
at @ a+4 (1)
2

TaZT?+a:KUU+ZZ 2)

trong do6: 4 la goc mo canh 1ai hudng; w
1a tan s6 quay cua turbin. Cac tham s6 T,
T,, K, K,phu thuc vao 4p lyc va tde
do chay cua cft nudc, tham $6 Z,phu
thudc vao ap luc cot nudc, tham ) Z
ngoai sy phu thugc vao ap luc va dong
chay con phuy thudc vao tai tiéu thu duoc
phén bd cho may phat di¢n. Trong bai bao
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Tir ba phuong trinh vi phan tuyén tinh (5),
(7), (8) c6 hé dong hoc tuyén tinh sau:

1 K Z, -,

X, =—?xl+?x2+ T 0 9
X, =X, (10)
K
X, =——2+—4LU+-2% 11
T T, T )
Dat vecto trang thai:
X = (XX, %) (12)

Tu ba phuong trinh (9), (10), (11) co
phuong trinh dong hoc trang thai sau:

X=AX+BU+CV (13)
d6 cling da trinh bay thuat todn nhan dang )
xac dinh céc tham sb bét dinh nay. Trong do:
Vi thong tin sai 1éch gitta tan s6 dién ap 818,85 0 CiiCro
phét ra va tan s6 chuan @, =27 f, =2250  A=|3,a,a; ;B =|0|;C =] CxC,,
=100 (radian/giay) la thong tin co ban A3185,853 b C31Csp
d¢ hinh thanh tin hiéu diéu khién, nén dat:  (14)
X, =0—a, (3) O day:
Vay: 1, K. . .
i a11:_?1a12:?1313201 (15)a, =0;
@RI ) a, =0a;=1 (16)
Thay (4) vao (1) nhén dugc phuong trinh: 1
d 8y =085 =——;8,; =0 (17)
Td—);1+x1+a)0:Koc+zl (5) R
bat: b= Ky (18)
X, = (6) T
1
ngd:d—a:)g:% (7) Cll_?;ClZZO;(:Zl:O;02220;032:0;
dt dt 1
Véi cach dat bién (6), (7) thi phuong trinh %3 =T (19)
(2) s€ c6 dang sau: Va
. V=l"'v,=2,-a;V,=12 (20)
TX+X=KU+z, (8) v, [t e
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Nhiém vu diéu khién may phat dién & cac
nha may thuy dién gdm hai nhiém vu
chinh 1a diéu khién kich tir rotor may phat
dé bién d6 dién 4p phat ra on dinh & gia tri
danh dinh va diéu khién canh lai hudng
dong nude cap cho turbin quay rotor dam
béo tan sd dién ap phat ra 6n dinh & gia tri
danh dinh trong giai thay doi cuia tai z, do
hé théng dién ludi yéu cau. Viéc diéu
khién phan kich tir di nhiéu cong trinh
cong bd, khong duge xem xét trong bai
béo nay. D6i véi tat ca cac may phat dién
thuy Iyc hién c6 & nudce ta hién nay thuat
toan diéu khién canh 1ai huéng thudng ap
dung thudt todn hinh thanh Iénh diéu
khién PID [1] tin hi¢u sai léch x . Tuy
nhién thudt toan nay s€ cé thoi gian qua
d6 khac nhau khi tai z, thay ddi. Ngoai
ra, bd hé sd cho thiét bi diéu khién PID
chi hop 1y khi cac tham sd cia cic ma
tran A, B, C trong mo hinh (13) khong
thay d6i. Trong qua trinh hoat dong do tai
tiéu thu dién ndng thay dbi, nén tan sb
quay ctia may phat dién sé& thay doi, chéch
khéi tin s6 chuan (@, =1007), néu tai
gidm thi ®2>a®,, con néu tai ting thi
o< @,. Nhiém vu diéu khién phai thay
d6i goc mo canh lai huéng dong nude dé
tan sd quay vé gia tri chuan w, , tuc 1a dua
gia tri X, tién vé gia tri khong (x, — 0).

Tir cac dién giai néu trén co thé thiét lap
bai toan diéu khién t6i vu nhu sau:

Tim quy luat thay ddi gia trji tham s6 U
tac dong vao hé dong hoc (13) sao cho
phiém ham:

Ty
J :% [ (@¢ +rU)dt - min (21)
0

Phiém ham t6i wvu (21) thé hién mong
mudn dua sai 1énh tan s dién ap phat ra
nhanh chéng vé gia tri khong va ning
luong diéu khién qué trinh dat gia tri nho
nhat.

Phiém ham (21) c6 thé duoc viét dudi
dang chuén sau:

Ts

J :%I(XQXT +URUT)dt — min (22)
0

Trong d6 T, 1a thoi gian két thac qua

trinh diéu khién (d6i khi néu T, dt 16n c6

21422

q12:CI21:q22:O;R=[r] (23)

Ap dung 1y thuyét diéu khién t6i wu [3, 4]
tién hanh giai bai toan néu trén dé xéc
dinh luat thay doi gia tri U . Trudc tién
thiét 1ap ham Haminton sau:

1 1
H= E<X,QX>+E<U,RU>+<AX,P> 2

+(BU,P)+(CZ,P)

o0 day ky hi¢u <,> la tich v6 hudng hai
vecto [5]. Vecto P(t) duoc xac dinh theo:
: dp oH r
P(t)=—"=-——=-0X(t)-A4 P(¢t) (25
(1) =~ ax 0X(1) (1) (25)

Vi diéu kién bién:

P(Tf ) =0 (26)
O quy dao téi wu thoa man dang thirc sau:
H n
ou (t)

Tur (24) va (27) co:
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oH ¢ B

8_U: RU(t)+B'P(t)=0 (28)
Vay suy ra:

U(t)=-R'B"P(t) (29)

C6 thé dit vecto P(t) dudi dang sau:

P(t) = K, () X (t) + K, (t) (30)

Dé dam bao diéu kién bién (26) thi co hai
diéu kién sau:

Kx(Tf):O
K,(T;)=0

Khi nay can phai xdy dung cic phuong
trinh dé xac dinh ma tran Ky(t) va vecto
Kx(t). Ttr (30) co:

P(t)=K ()X (t)+ K X()+K,(t)

(31)

(32)

(33)
Twr (25) va (33) c6 phuong trinh sau:
K ()X (1) +K X(t)+K,(t)

(34)
=-0X(t)- A" P(1)

Thay X(¢) trong vé trdi phuong trinh
(34) bang vé phai biéu thirc (13) nhan
duoc:

K ()X ()+K (AX +BU+CV)

. (35)
+K (1) =-0X (t)- A" P(1)
Hoac:
K ()X () +K (AX + BU +CV) (36)

+K,(t)+ QX ()+ A"P(t) =0

Thay vecto U(t) theo (29) vao (36) nhan
duoc:
K, ()X (t) + K (AX —BR™B"P(t)+CV)

+K, () +QX (1) + ATP(t) =0 (37)
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Thay vecto P(t) trong biéu thirc (37)
bang vé phai cua biéu thuc (30) s& c6
phuong trinh sau:

K ()X (t)+K [AX - BR'B" (K ()X (?)
+K (1)) +CV ]+ K () + 0X(¢)

+A" (K.()X(1)+K (2)=0

(38)
Nhom cac s hang ¢ chira X (t) trong vé
phai phuong trinh (38) v6i nhau nhan
dugc phuong trinh:
[K ()+K ()A+A'K (1)
-K_(t)BR™'B'K (1)+ 01X (?)
+K,(t)-(K BR"'B'K_-A")K,
+K CV]=0

(39)

Pé phuong trinh (39) ding v&i moi gid tri
X (t) (khong phu thudc vao X(t)) thi dé

dang nhan thdy, Ky(t) va Ki(t) phai thoa
man hai phuong trinh sau:
K ()+K ()A+A'K (1)
-K ()BR'B'K (1)+Q=0
K (t)-(K BR'B'K_-A")K +K CV =0

(40)

(41)
Két hop phuong trinh (40) voi diéu kién
bién (31) va két hop phuong trinh (41)
v6i didu kién bién (32) nhan dugc hé hai
phuong trinh vi phin dé xac dinh ma tran
Kx(t) va xac dinh vecto Ky(t):
K (1)=-K ()4-A"K (1)
-1 pT ; KX (Tf ) = O
+K (t)BR'B'K (1)-0

(42)
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(K, ()BRB'K, (t) - A")K, =K, ()CV =K, (1);
K (T f) =0

(43)
Tir (42) cho thiy dé xac dinh K,(t) can
biét 15 cac ma tran A, B, R, Q. Py chinh
1a phuong trinh Riccati. Vi diéu kién bién
cua phuong trinh vi phan (43) ¢ phia phai,
nén nhan thiy dé xac dinh Ky(t) & thoi
diém hién tai t can phai c6 thong tin vé
V trong khoang thoi gian tuong lai (t,T,].
Vi h¢ phuong trinh vi phan (43) 1a hé
tuyén tinh v&i diéu kién bién & bén phai,
nén nghiém cua phuong trinh sé 1a [4]:

K,(1)= f e"CV (1)dT (44)

trong d6 ma tran A4 13 ma tran:
A=-(K BR'B'K_-A") (45)
Theo [4] trong truong hgp thoi gian tich
phan T, dai va vecto V (t) khong thay doi
(V(t)=const) thi nghiém phuong trinh
(42) va (43) c6 thé duge xac dinh trén co

so giai h¢ phuong trinh dai so6 sau:

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

Dé giai h¢ phuong trinh phi tuyén bac hai
Riccati (46) dd c6 nhiéu thuat toan duogc
trinh bay tai nhiéu tai liéu khac nhau, thi
du nhu trong tai li¢u [4]. Sau khi x&c dinh
duoc ma tran hé sb K, thi viéc xac dinh
nghiém hé phuong trinh dai s6 tuyén tinh
dang (47) s€ la:

K =A"KCV (48)

Pé giai dugc hé phuong trinh (46) xéc
dinh K va dé xac dinh K, theo (48) can
c0 thong tin dﬁy du vé cac ma tran A, B, C
cua h¢ dong hoc (13), ma tran cac ham
phat Q, R trong tiéu chuan t6i wu (22) va
thdng tin vé nhidu va tai V . Céc thdng tin
dé xac dinh A, B, C, V d3 dugc trinh bay
trong [2], con hé s phat ¢ trong ma tran
Q, hé sd phat I trong ma trdn R s€ dugc
xac dinh tr qué trinh khai thac sir dung
nha mdy thuy dién vira va nhdé, thuong do
cac chuyén vién chuyén nganh dua ra.
Ban than hai hé s phat nay cling dugc
thay d6i trong qua trinh khai thac nha may
theo yéu cau vé kinh té, k¥ thuat.

Sau khi xac dinh duoc K, K; va fir cac
biéu thuc (29) va (30) s& c6 lénh didu
khién t6i vu m& canh 1ai huéng cap nude
¢6 thé ning va dong ning cho turbin quay
may phat dién nhu sau:

U(t)=- R'B"P(¢)

=-R'B'K X- R'B'K,
Tir biéu thic (49) cho thiy dé tong hop
dugc 1énh diéu khién tdi wu ngoai viéc
xac dinh ma tran K, qua vi€c giai phuong
trinh dai s6 (46), xac dinh vecto K, theo
biéu (48) can phai x4c dinh vecto trang
thai X cua hé dong hoc tuyén tinh (13),
tirc 1a phai do hodc quan sat: sai 1éch gitra
tan s6 dién ap may phat va tan s dién ap
ludi chuan; goc mé canh 1ai huéng va toc
d6 mo cia nd. Nhu vay khi thiét ké ché
tao to hop turbin + may phat can phai b
tri va cai dat cac co cau do tuong tmg dé
do hodc quan sat dugc cac thong tin vé
trang thai X cua hé dong hoc. Trong
truong hop khong do duogc truc tiép ma
phai quan sat thi cdn phai c6 thuat toan

(49)
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cung phan mém quan sat cac tham so do. K=10; Ku=2;
Tham s0 moé phdéng: T=0.02; Ta=0.1; MO hinh mé phong:
-k * n
L‘L:;# _ anpha - I:l
S
i denta w Out1 =+ 2 e
= anpha dot Out2 I+ Step anpha dat > I:l
= anpha Out3 o+
Bio dieu khien =04 g Soope
Constant*
1007 pi i denta w I |:|
Scoped
Corstantz Mo hinh doi faang
Hinh 1. M6 hinh mé6 phéng thuat toan mé canh lai
Két qua mé phong: ’
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Goc mé canh lai khi z; 1a ham step, zz la g o
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Hinh 3. Téc d6 m& canh lai khi z; 1a ham step,
Z> la hang so

Thoi gian [s]

Hinh 4 Sai Iéch vé tan s6 khi z; 1a ham step,
Z, la hang so

3. KET LUAN

Tu viéc nhan dang cac tham s6 md hinh
dong hoc va udc lugng tai tiéu thu cho
phép thiét 1ap bai toan diéu khién téi wu
qua trinh quay canh lai huéng dong nudce
c¢6 thé nang va dong nang cip vao turbin
ctia to hop turbin may phat trong nha may
thuy dién vira va nho. Ap dung Iy thuyét
diéu khién t6i wu da x4y dung thuat toan
x4c dinh ma tran hé sé theo trang thai hé
dong hoc va vecto lién quan dén tai tidu
thu trong ciu triic 1énh diéu khién. Tir cau
tric cua 1énh diéu khién da xac dinh yéu
cau vé phan cing cling nhu phan mém khi
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thiét ké ché tao td hop turbin + may phat  hop turbin + may phat dién. Ap dung
dién. Thuat toan duoc trinh bay trong bai  thuat toan nay qua trinh hiéu chinh cong
bdo 1a co s¢ dé thiét 1ap phdn mém khi  sudt phat theo tai yéu cdu s& duogc thuc
thiét ké ché tao hé théng diéu khién cho t6  hién co chét lugng hon.
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