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TOM TAT

Bai toan phan bd t&i wu cong suét van hanh cac nha may trong hé théng thiy dién bac thang 1a bai toan
c6 ham muc tiéu va cac phwong trinh rang budc thudc dang phi tuyén. Bai bao trinh bay viéc ap dung phwong
phap quy hoach tuyén tinh dé giai bai toan phan b téi wu cong suat phat cia cac nha may trong hé thdng thay
dién bac thang - v&i muc tiéu toi wu 1a cwe dai hoa gia tri cda lwgng nwéc chira trong hd vao cudi chu ky khao sat
- b&ng céach tuyén tinh hoa tivng doan ham muc tiéu cling nhw cac phwong trinh rang budc trong chu ky khao sat.
DPé& minh hoa, trong bai bdo dd s dung cbéng cu quy hoach tuyén tinh (ham linprog) trong géi Optimization
Toolbox ctia Matlab dé tinh toan phwong thirc van hanh téi wu cia hé théng thiy dién bac thang A Vuong — Thu
B&n khi chi xét didu tiét ngén han.

Tir khéa: Phwong phap quy hoach tuyén tinh; tuyén tinh héa; hé théng thly dién bac thang; van hanh téi
wu; phan bd cong suét ti wu

ABSTRACT

The optimal power dispatch of plants in a cascade of hydro-power plants is a problem consisting of
nonlinear objective function and constraints. This paper proposes an application of linear programming to solving
a short-term optimal dispatch problem for hydro power plants in a cascade using the method of linearizing
nonlinear objective function and constraints in a considered period. In this paper, the optimal object is the
maximization of value of water storage in the reservoir at the end of the considered period. For illustration, in this
paper, the function”linprog” (in Optimization Toolbox of Matlab) is used to solve the short-term optimal operation
problem of A Vuong - Thu Bon Cascade of hydro power plants.

Key words: Linear programming; linearizing; cascade of hydro power plant; optimal operation; optimal
power dispatch

muyc tiéu ciing nhu cac bat phuong trinh rang
budc, dé co thé ap dung phuong phap quy hoach
tuyén tinh vao viéc giai bai toan phan bd tdi wu
cong sudt cho cac nha may trong hé thong thuy
dién bac thang.

1. Pit van dé

Hé théng thiy dién bac thang gém cac nha
may vira ndi tiép vira song song v6i nhau, co
nhiém vu cung cap dién cho phu tai c6 gia tri
cho trude. Véan dé dat ra 1a phai tim phuong an )
phét dién cua cac nha may trong hé théng bac ~ 2- M0 hinh h¢ thong thiy di¢n bac thang
thang sao cho téi wu ham muc ti€u, Ma trongd 2.1 Mé hink hé théng thity luc [1, 3]
bai bao nay muc tiéu dugc xét 1a cuc dai hoa
gia tri tinh bang tién cua lugng nudc tich trix
dugc trong cac hd chta vao cudi chu ky khao
sat.

Mb hinh hé théng thuy lyc cta hé thong
thuy dién bac thang duoc trinh bay ¢ Hinh 1;
gdm cac hd chira (nat) c6 lién hé v6i nhau qua
cac dong chay qua nha may (nhanh).

Céac hd chua nudc ky hidu Hy (k = 1<K,
v6i K 1a s6 hd chua);

Vi cic ham muc tiéu va cic bat phuong
trinh rang budc la phi tuyén, nén trong bai bao
nay s€ ap dung phuong phap tuyén tinh héa ham
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Wit 13 lyu luong nude ty nhién vé cac hd
chira k tai thoi diém khao sat t;

Luong nudc ra khoi cac hd chira thugng
lwu vé ho ha luu hodc c6 thé chay qua nha may k
dé phat dién tai thoi diém khao sat t goi 1 luu
lugng nudce phat dién, ky hiéu Q[( ; hoac xa qua

tran cta ho k tai thoi diém t, ky hiéu s .

Hé thugng luu

Nhi may

H& ha luu

| TIE thong dién |

Hinh 1. M6 hinh hé thong thity dién bdc thang
2.2. M0 hinh tuyén tinh héa ciia t6 mdy [1, 3]
Cong suat phat cua td6 may thir i (thudc
nha méy k) tai thoi diém t dugc tinh theo biéu
thirc:

F)it,k -981.10° nit,int,kHit,k [MW] 1)

Trong do: Q; 1a luu luong nudce chay qua
tua bin (m3s), Hit]k la cot nude hitu ich (m) va
N 12 hiéu sudt cua t6 may tht i trong nha méay
thi k tai thoi diém t.

t
Pik

A

Prig

Puix

™ Pic tinh thuc té

de}li Qtlik

Hinh 2. Tuyén tinh héa ddc tinh phdt ciia t6 may

Trong thuc té, ddc tinh van hanh cua tb
may thuy Iuc 1a mot ham phi tuyén va khong 161
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& ving cong suat thip, nhu duong nét dut trén
Hinh 2. Dé tinh toan theo phuong phap quy
hoach tuyén tinh, dic tinh ndy c6 thé dugc tuyén
tinh hoa thanh 02 doan thang (I) va (I1) véi 03
diém chia: diém co6 luu lugng qua turbine nho
nhét (Qmiik, Pmiix), diém c6 hiéu suit cuc dai
(Quiik, Poix) va diém c6 46 m& canh hudng cuc
dai (Qrik, Prik) nhu trén Hinh 2.

Khi d6, luu lugng nudc qua turbine va
cong suét phat ciia to may thir i thudc nha may k
sé la:

Qit,k =Qnmik +Qi,i,k + Qtz,i,k 2)

t t t

Pk =Pmik +71Quik +7.Q2x 3

Trong d6: y1 va v, 1a do ddc cua cac doan
thang (I) va (II); Q;;,, Q;;lan luot 1a luu
luong twong tmg voi doan (I) va (II) ctia to may
thtr i thudc nha may k tai thoi diém t.
3. M hinh bai ton t6i wu

Bai toan tbi wu duoc dat ra 1a can tim cong
suat phat cua cac t6 may i (iel) trong cac nha
may k (keK), ky hiéu la Pit'k, sao cho dat cuc
dai ham muc ti€u va théa man cac rang bude vé
dién va thuy luc.
3.1. Ham muc tiéu

Muc tiéu t6i wu dugc dit ra trong bai bao
nay 1a cuc dai hda gia tri tinh bang tién cua luong
nudc tich trit trong cac hd chira ctia hé thong béac
thang vao cudi mot chu ky khao sat T [3, 4]:

K
ZMVI — max (4)
k=1

Trong do: A, la gia tri nudc cua hd chua k
trong thoi gian khao sat, A, =e;10° /kg'k voi
e, la gia tién dién thuong pham ciia nha méay k
tai thoi diém t [d/kWh] va K, 14 suét tiéu hao
nudc cua nha may k dé san xuat 1 kWh dién
nang [m¥kWh]. Vv, 14 dung tich nuéc ciia hd
chira k vao cudi khoang thoi gian khao sat T.

3.2. Cdc diéu kign rang buéc [2,3]

3.2.1. Cdn bang cong sudt phdt va phu tdi
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DR =D P =P (5)

k=1 i=1 k=1

Trong d6: Py ,P}
phat cia nha may k va phu tai cua cum nha may
trong hé thong bac thang.

lan luot 1a cong sut

3.2.2. Gidi han céng sudt phdt cia t6 mdy va
nha may
P. <P <Pix; P, <P{ <P (6)

Trong do: Eika‘aEi,k la cong sudt phat
cuc tiéu va cuc dai cho phép cia to may thi i
thudc nha may k; P, va P« 1a gi6i han cong suét
phat cuc tiéu va cuc dai ciia nha may k.

3.2.3. Yéu cau du trit quay cho hé théng dién

v6i Py 1a cong suat du trit quay yéu cau.

3.2.4. Cdn bang nuée tai mit bdt ky

Tai thoi diém t & mot nat k bat ky, tong
lru lugng nude ty nhién vé hd can bang véi luu
luong nudc chay may, luu luong nude xa tran va
luu lugng nude ¢o6 dugce do su thay ddi dung tich
ho chira:

|
Tota - eow o

Trong d6: W va v, Ia luu lugng nudc ty
nhién vé& hd va dung tich ctiia hd chira k tai thoi
diém t, (m¥s); K, 1a hé s6 quy ddi tir dung tich sang
luu luong, bang 10%/3600; At 1a budc tinh (s).

3.2.5. Gidi han heu lirong niede qua té mdy
Q Q| k = QI k (9)
Trong d6: Q. , Gi’k la giGi han luu luong
tbi thiéu va tbi da cua duong ong ap luc dan tir
hé k vao t6 may i ciia nha may k.
3.2.6. Gidi han dung tich hé chira
Dung tich hitu ich ctia hd chtra phai nam

trong gidi han cuc tiéu V, va cuc dai Vi :

V, <V, < Vi (10)

3.2.7. Gidi han thay déi dung tich ho chira
“AVKAL SV —VET < AvicAt (1)

Trong do Avk 1a téc do tich trir/ xa cuc
dai ctia hd chira thu k.
3.2.8. Rang budc xa tran hé chira

Trong tinh toan, dic tinh tran cta hd chira
dugc tuyén tinh héa timg thanh 03 doan thang
nhu ¢ Hinh 3. Poan (I) Gtng v4i muc nudc
thuong luu tha”ip hon muc nudce xa tran, doan (II)
mg v6i muc nude diém giira tran va doan (I1I)
ung voi myuc nude tran cuc dai.

t

Sk
Sfyk """""""""""""""""" 4 g;?n CI'IC
Dinh tran '
Sm,k """"""""" E
M '
0 : : : Vi

t ' t 1
Ve Vik Vi Vak Vg,

Hinh 3. Pdc tinh xa tran hé chira

Tt Hinh 3, hai bién méi dugc dua vao dé
xac dinh rang budc x4 tran cua hd thuong luu k
theo biéu thuc:

Vi =V, + Vi + V), (12)

S,

voi:  0<vi <V, —V.,  (12-a)

0<Vv,, <V, -V,

i (12-b)

trong do:

V;,k , Vtz,k lan luot 14 dung tich img voi doan
(IT) va doan (III) cua déc tinh xa tran hd chira k.

Vsk Vink VA Vik 1an luot 1a dung tich nude
ung véi mic nude tai dinh tran, di€m gitra va
diém tran cuc dai cia ho chua k. Luu lugng xa
tran twong tng véi cac mirc nude nay la 0, Smi
va Stk duogce thé hién trén Hinh 3.

Luu lugng nudc xa tran duoc biéu dién
nhu sau:
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t t t
Sk =01V T 0,V (13)

V6i o1 va o2 14 d6 dbc cua cac doan thing
(11) va (1) ctia duong dac tinh xa tran.
3.3. Bai toan quy hoach tuyén tinh

Béng phuong phap tuyén tinh hoa cac dic
tinh nhu d trinh bay trong muyc 3.2 c6 thé thanh
1ap dugc bai toan t6i wu van hanh hé thong thiry
dién bac thang vé dang bai toan quy hoach tuyén
tinh, véi md hinh téng quat nhu sau:
Muc tiéu: Maximize Z=CT.X; (14)

Cac rang bujc:

Dang phuong trinh: AegX = Beg, (15-a)
Dang bat phwong trinh: AX < B, (15-b)
Mién gi6i han cia cac bién: L<X<U  (15-c)

Trong d6: C, X, Beg, B, L, U la cac vector;
Agq, A la cac ma trén.

Trong bai bao nay, st dung coéng cu
phuong phap quy hoach tuyén tinh (ham linprog)
trong Toolbox ctia Matlab dé giai bai toan t6i wu
nGi trén. Cu thé trinh tu nhu sau:

Buéc 1: Nhap dir liéu dau vao gom sb
luong nha méy trong hé thong bac thang (K),
thoi gian khao sat T, chu ky khao sat At, cac sd
liéu v& hd chira, luu luong nude vé hd, biéu do
phu tai, cac dac tinh phat cia cac nha may...
Tuyén tinh héa tirng doan cac dac tinh.

Buée 2: Nghiém s6 X ctia bai toan gom
Ple. Vi Voir Vi Gigs Gy, Gy - Kich thude
cua X la 8KTx1.

Thanh 13p vector C trong biéu thirc (14)
dua theo ham muc tiéu (4); kich thude cua C la
8KTx1.

Thanh 13p cac ma trin Aeg, Beq dua vao
cac rang budc dang thirc (2), (3), (5), (8), (12) va
(13). Kich thude cua Aeq la (BK+1)T x 8KT va
cta Beg 12 (BK+1)T x 1.

Thanh 1ap cac ma tran A, B dya vao cac
rang budc dang bat ding thirc (7), (11). Kich
thuée cua A la 2K+1)T x 8KT va cua B la
(2K+1)T x 1
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Mién gidi han cta cac bién sb dua theo
cac rang budc (6), (9), (10), (12a) va (12b). Kich
thude cta L va U 1a (8KTx1)

Buéce 3: Giai bai toan toi vu bang cach st
dung ham s linprog trong toolbox ciia Matlab.
4. Ap dung giai bai toan thuc té

Xét hé théng thuy dién bac thang trén séng
A Vuong - Thu Bon v6i 3 nha may 1a A Vuong
(2x105MW), Sbng Bung 4 (2x78MW) va S6ng
Bung 5 (2x30MW), gom cé 3 hd chira nhu &
Hinh 4. H chira nha may A Vuong va Séng
Bung 4 ¢6 chu ky diéu tiét nam, hd chira nha may
S6éng Bung 5 diéu tiét ngay. Thoi gian khao sat
T = 24h, budc thoi gian khao sat At = 1h [4].

| |

AvVvg

Sb4

Hinh 4. Thiy dién bdc thang A Vieong - Thu Bon
4.1. Cdc s6 ligu ddu véo ciia bai todn

4.1.1. Luu luong nuoc ty nhién vé cac ho chira

‘ —— A Vuong —#—So6ng Bung 4 —a— S6ng Bung 5 ‘

140.0

120.0

100.0 ~ e
2 600 . -\-\-—I—I—I—I—I/./- el
s . e

40.0

20.0

O+ T T T T T T T T T T T T T T

t1 2 t3 t4 t5 t6 t7 t8 t9 t10 t1l t12 t13 t14 t15 t16 t17 t18 t19 t20 t21 t22 t23 t24

Hinh 5. Luu lwong nude tu nhién vé cac hé
Luu lugng nude tw nhién vé cac hd chia
dugc du bao nhu Hinh 5 [4].
4.1.2. Cdc théng s6 ciia ho chira

Céc théng s6 ban dau cua hd chira gia
thiét dugc cho nhu bang sau [4]:
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Bing 1. Théng s6 ban dau ciia cac ho chira trong hé thong bdc thang thity dién

A —
Nha may Ko | Hiox her Vi Vi Avi
[m?] [m] [m] [10°m?] | [10°m?] [m?s]
A Vuong 1,54 362,0 361,0 77,078 343,522 2,5
Soéng Bung 4 4,46 210,0 209,0 172,595 493,337 6,5
Séng Bung 5 16,16 61,0 61,0 16,984 20,518 2,0
Bing 2. Pdc tinh xd tran tuyén tinh héa ciia cdc ho chiva
X 1 Vs (k) Ss (K) Vm (K) Sm (k) Vs (K) St (K) Smax (K)
Ho chta
[106 m3] [m¥/s] [106 m3] [m3/s] [106 m3] [m3/s] [m3/s]
A Vuong 77,078 0,00 343,522 0,00 354,550 600,0 7120,00
Séng Bung 4 172,595 0,00 493,337 0,00 528,817 900,0 10750,00
Séng Bung 5 16,984 0,00 20,518 0,00 26,717 1500,0 17299,80

4.1.3. Biéu do phu tai

Biéu d6 huy dong cong sut cua hé théng
thuy dién bac thang trong khoang 24 gid va yéu
ciu dy phong quay cho hé théng nhu Hinh 6 [4].

4.2. Thanh ldp bai toan

Thoi gian khao sat 1a T = 24h va khoang
thoi gian mdi budc tinh 1a 1h. Can phai xac dinh
céc nghiém cong suit phat P, luu luong nude phat
dién Q, luu Iuvgng nudc xa tran s va dung tich con
lai ctia hd chira v cua cac nha may tai tirng thoi
diém sao cho dat cuc dai ham muc tiéu (4).

Nhu da trinh bay & muc 3.3, ta thanh lap

dugc bai toan t6i uu héa voi 576 bién trang thai
g6m 72 b bién s (P, vi, V2, V, Q1, Q2, Q, s) cho
tirng nha may vao mdi gid trong mot ngy dém;
384 phuong trinh rang budc, 168 bat phuong
trinh rang budc, va 1.152 bat phuong trinh mo ta
pham vi cac bién s6.

4.3. Két qud tinh todn

Bing chuong trinh Matlab c¢6 st dung
ham linpog da giai dwoc bai toan t6i wu. Két qua
cong suét phat tdi wu va dung tich cac hd chira
clia cum nha may trong hé thdng thuy dién bac
thang A Vuong trong mdt chu ky khao sat 24h
dugc trinh bay lan luot trén Hinh 7 va Hinh 8.

450

L R RS Gt

€ a0{--i--
@ 250 A

2 200 1 5=
o

c

©

(&S]

50 1 p=tp-t -

T T T e s e s P P P
ET = S S S SN N

0

PDt (MW)

200

PRt (MW)

40

Hinh 6. Biéu do huy déng cong sudt cho phu tai (PDt) va dir trit yéu cau (PRt) ciia HT thiy dién bdc thang
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Hinh 7. Céng sudt phat t6i wu ciia cdc nha mdy trong hé thong bdc thang

200.000

Hé chira A Vwong

199.800 4 — e —

199.600 —

199.400

199.200

199.000

Dung tich (triéu m®)

198.800 — T T T T T T T

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

324.000

Hb chira Song Bung 4

322.000 {
320.000

318.000 — T

Dung tick [triie ')

1 2 3 45 6 7 8 9101112 13 141516 17 18 19 20 21 22 23 24

21.000

Hé chira Sé6ng Bung 5

20.500

20.000

19.500

19.000

18.500

18.000
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Hinh 8. Dung tich cdc hé chira

4.4, Nhdn xét

Nha may A Vuong dam nhan viéc phat
cong suat nén cho cum hé théng thuy dién bac
thang, nén nha may thuong van hanh & ché do
hiéu suit cuc dai (cong suét phat tot nhat) hay &
ché d6 c6 46 m& canh hudng cuc dai (cong suét
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phat 16n nhat). Nha may Song Bung 4 phat
cong suit theo nhu cdu cta phuy tai: khi cong
suit yéu cau cua phu tai nho hd chua tich nuéc,
khi nhu cau phu tai ting 1én nha ting cong suét
phat dé dap tng nhu ciu cua phu tai. Do hd
chtra nha may Song Bung 5 c6 dung tich nho va
chi didu tiét ngdy, nén nha may phat cong suét
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theo lwong nudc vé va tich lity day hd vao cudi
chu ky khao sat.

5. Két ludn

Van hanh t6i wu cic nha may trong hé
thong thiy dién bac thang 13 bai toan can thiét
nham giam dugc chi phi van hanh, tao diéu kién
cho cac nha may hoat ddng hiéu qud trong thi
truong phat dién canh tranh. Trong thuc té, do
cac rang budc cua bai todn la nhiing phuong
trinh va bat phuong trinh phi tuyén nén viéc giai

bai toan tdi wu gap nhidu kho khin. Bang cach
tuyén tinh hdéa tirng doan cac dac tinh van hanh
s& cho phép 4p dung phuong phip quy hoach
tuyén tinh dé giai bai toan phan b tdi wu cong
sudt van hanh cho céc nha may trong mot h¢
théng thily dién bac thang. Qua vi dy minh hoa
cho thiy rang, tuy s6 lugng phuong trinh va bat
phuong trinh rang budc 16n, nhung nhd cong cu
Matlab ta c6 thé giai bai toan tdi wu diéu tiét
ngay mot cach nhanh chong.
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