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Toém téat - Hién nay c6 nhiéu giai thuat tién hoa dwoc ap dung dé
tinh toan cac van dé khac nhau trong hé théng dién nham téi wu
héa trong hé thdng dién. Cac phwong phap tinh toan diéu phdi
cong suét kinh té cho cac td may phat dién €6 cong suét khac nhau
glup dua ra cac két qua phu hop véi yéu cau va didu kién tbi wu
clia cac ngudn phat. Bai bao trinh bay mét phwong phép tinh toan
didu phdi céng suét kinh té cac td may phat dién cé cong suét khac
nhau trong mot nha may nhiét dién bang giai thuat tim Iwc hap dan
(GSA). Giai thuat dé xuét duoc ap dung tinh toan diéu phéi cong
suat cho mét nha may co 6 t& may. Két qua cua giai thuat nay duoc
kiém chirng va cho thay t6i wu hon so véi gidi thuat tdi wu hoa bay
dan (PSO).

T khéa - giai thuat tim lwc hap dan (GSA); giai thuat bay dan
(PSO); dieu phdi cong suat; may phat dién; hé thong dién.

1. Dit van dé

Bai toan diéu phi cong suét phat cua cac t6 may trong
mot nha may nhiét dién 1a mét van dé quan trong trong viéc
vén hanh kinh té cac nha mdy phat dién. Muc tiéu cia didu
phdi cong suat 1a sap xép cong suét ngd ra clia cac to may
phat nhdm dap ng nhu cau phu tai v6i muc chi phi nhién
ligu thap nhét, dong thoi mdi td may phat nay chiu sy rang
budc ve cong sudt phat téi thiéu va tbi da. Van d& nay duoc
cac nha khoa hoc trong va ngoai nu6e nghién ctru theo
nhiéu huéng khac nhau. Trugce day, mdi té may phat nhiét
dién phat cong suét theo sy didu dong cua trung tim diéu
d6 quoc gia. Ngay nay, nganh Dién chuyén sang giai doan
phat dién canh tranh, nén yéu cau ctia van hanh kinh té hé
thong dién 1a ddm bao an toan tuyét dbi cho hé thong, dam
bao chat lugng phuc vy, chi phi san xuat, truyén tai va phan
phdi thap nhat. Do d6, viéc giam tdi thiéu chi phi san xuét
1a muc tiéu hang dau cta cic nha may dién néi chung va
cac nha may nhiét dién noi ri€ng. Chi phi anh huong 16n
nhét trong cac loai chi phi 1a nhién liéu. P& giam chi phi
nhién li€u trong cdc nha may nhiét dién thi phai c6 mdt
phuong phap tinh toan cong sudt phat ra voi chi phi thdp
nhit. Dé giai quyét bai toan nay, thuong st dung phuong
phap co ban la ap dung tinh toan theo giai tich toan hoc va
ap dung giai thuat tién hoa. Bai bao niy trinh bay mot
phuong phép tinh toan diéu phdi cong suat kinh té cac to
may phat dién co cong suat khac nhau trong mot nha may
nhiét dién bang giai thuat tim lyc hap din (GSA). Két qua
cua giai thudt nay duoc kiém chimg va cho thay t5t hon so
voi giai thuat t6i wu hoa by dan (PSO) [1, 2], [6-8].

2. Két qua nghién ciru va khio sat
2.1. Bai todn diéu phoi cong sudt téi wu [4], [8]

Lap ké hoach 1a qua trinh phan b hé giita cac don vi
phat dién khac nhau. Lap ké hoach kinh t¢ cho viéc chon

Abstract - Now many evolutionary algorithms are applied to the
calculation of various problems in the electrical system in order to
optimize the electrical system. The calculation methods of
economic capacity coordination of generating units with different
capacities will give results consistent with requirements and
optimal conditions of sources. This paper presents a calculation
method of coordinating economic capacity of generating units with
different capacities in a thermal power plant with Gravitational
Search Algorithm (GSA). The proposed algorithm is applied to the
coordinator calculation for a plant capacity with 6 units. The result
of this algorithm is verified and proves better than that that with
Particle Swarm Optimization (PSO).
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chi phi nhién liéu hiéu qua véi timg may phat khac nhau s&
dan dén tong chi phi phat dién cua h¢ thong giam dén mirc
t6i thiu. Tong cong suét tai trén ludi bang tong cong suit
phat cua hé théng phat.

Ps (min) Ps (r!‘nax)

Hinh 1. Ddc tinh vao - ra

Céc van d¢ t6i uu hoa 1a phan bo cong suat phat cua mdi
t6 may v6i chi phi nho nhét, sao cho tong cong suat phan b6
trén ting t6 may cong lai bang Vi cong suat tai yéu cau, cho
P:i, Pea, Pas, ..., Panla cong suat phat ctia mdi td may (1 2,
3,...,n) cung cap cho tai nhu cau Pp. De giai quyét van dé
nay can phai biét duoc dic tinh cong suét ddu vao va ra ctia
moi to may. Pac tinh cong sudt vao vara duoc thanh 1ap dya
trén nang luong dau vao cip cho tuabin va ning lugng phat
ra tir may phat. Nang lugng cép vao tuabin dugc trinh bay
trén truc tung va n6 cé don vi do 1a don vi do nhiét lugng
(BTU/h hay Kcal/h) hodc tong chi phi nhién liéu mdi gio don
vi tinh 1a Rs/h. Dau ra thuong 13 ning lwong dién dugc do
bang don vi kW, MW. Ngd vao ciia cac nha may dién thong
thuong duge do bang don vi BTU/h va ngd ra dugc do bing
don vi MW. Pudng dic tinh vao, ra dugc don gian hoa 1a
duong dac tinh ti I¢ nhiét. Hinh 2 cho thiy su chuyén dbi
thong thuong tir don vi BTU/h sang don vi $/h cua duong
cong ty 1¢ nhiét trong dudng dac tinh chi phi nhién li€u.
Trong tat ca nhitng trudng hop thuc té, chi phi nhién liéu cia
mot t0 may co thé duge mo ta nhu mot phuong trinh bac hai
theo cong suat tac dung phat.
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Hinh 2. Ddc tinh nhién liéu va chi phi dau vao
C =c+bP+aP’

(1
X4y dung ham muc tiéu cho mot t6 may:
F=c+bP+aP’ .
=> Min (2)
Ham muc tiéu cho mot hé thng c6 to may:
N.M
F= ) F,(P,)==>Min 3)
Jj=lk=1
a lP/zl +b,P,+c;
2
Fy (= @nPrtbalates =>Min (4

2
a, Py +b, Py +cy

Nhu da trinh bay & phﬁn daf: tinh cﬁe‘l may phat nhiét dién,
khi tinh toan toi uu phai xét dén cac di€u kién rang budc:

- Rang budc cong suat phat ciia timg t6 may nam trong
gi6i han d6i da va tdi thiéu. Trong do, Py™1a cong sudt toi
thiéu, P/.‘,‘:a" 1a cong suét tdi da cta tung t6 may ung voi tung
doan nhién liéu.

min max
P <P, <P (5)
- Rang budc vé cong suat phat va tai. i voi can bang
cong suat, diéu kién rang budc can bang can thoa méan
phuo‘ng trinh (6). Trong do Ppmd ta tong nhu ciu cta ludi
(tai) can cung cap, Pjcla tong cong suét tdi uru ciia hé thong

Zij—PD—
= (6)

Thuat toan tim lyc hip din (GSA) dugc gidi thiéu boi
Esmat Rashedi [3, 4]. GSA 1a mét thuat toan t5i wu hoa
heuristic duoc cac nha khoa hoc tng dung trong nhiing
nam gan day. GSA la thuat toan liy cam himng dua trén dinh
luat Newton vé luat hdp dan va dinh luat vé& sy chuyen
dong. Khi xem xét mot hé théng voi N tac nhan (khdi
lugng), ta xac dinh vi tri cua tadc nhén thur i béng cach nhan

thir i & chidu huéng thir d vao thoi diém cu thé “t”, ta xac
dinh Iyc tac dong 1én khdi lugng “i” tir khéi lugng j.
X, =(x! oy x X)) v6ii=1,2,...,N (7)
M, (0)x M, (0)
F () === ()= x/ (1) ®)
(D) + &

Trong d6: xid la vi tri ctia cac thanh phﬁn thtr d cua luc
tac dong tir cac tac nhan khac; M,; 1a khdi lugng hép din
hitu cong ctia tac nhan j, My, 1a khoi luong hap dan vo cong
cua tac nhan I, G(t) 1a hang s6 hap dan vao thoi diém t, &

1a hing sb nho, va R 1a khoang cach Euclidian gitra hai tic
nhanivaj.

R,(0)=]x,(0,X,(0), ©)

Dé dua ra tinh ngiu nhién ciia thudt toan nay, gia dinh

rang luc tac dong lén tac nhan i theo hudng d 1a mét tong

khdi lugng ngau nhién ciia cac thanh phan thir d cta lyc tac
dong tr cac tac nhan khac.

N
F'(t)=" randF (1)

Jj=1,j#1

(10)

Trong d6 rand; 1a mot con sé ngiu nhién trong khoang
[0,1]. Vi vay, theo luat chuyén dong, gia toc cua tic nhan i
vao thoi diém t va hudng thir d, a’ (1) duoc xac dinh nhu

cong thie (11) va Mii 1a quan tinh hat thir i. Hon ntra vén
toc tiép theo cua mot hat dugc tinh bang phan sé cta van
tdc tirc thoi thém gia tdc.

d
aid(t):F,» (1) (11)
M, (1)
Vi vy, vi tri va van tdc dugc tinh:
v (t+1)=rand, xv!(t)+a’ (), (12)
X+ =x' () +v (t+1), 13)

V6i rand 12 1 bién ngdu nhién trong khoang [0,1], dung
bién ngdu nhién nay dé dua ra tinh chit ngiu nhién cua
phép khao sat. Hang s6 hip dan (G) dwoc xac dinh gia tri
tir ddu va s& duoc giam di theo thoi gian dé dam bao tinh
chinh xac cua khao sat. Noi cach khac, G 1a mét ham $6 6
gia trj ban dau Gy va thoi gian t.

G(1) = G(Gy, 1)

Khdi lugng quan tinh va khéi lugng hap din dugc tinh
bang cach udc lwong hop ly. Khdi lugng ning hon 1 tac
nhan c6 hiéu lyc cao hon. Tuc 1a tac nhan t6t hon s& c¢6 luc
hat manh hon va di chuyén cham hon. Gia dinh riang khéi
lwong quan tinh va khdi luong hip dan bang nhau, cac gia
trj ciia khéi lugng duoc tinh bang cach sir dung so dd phu
hop. Cap nhat khoi lwong quan tinh va khéi lwong hap dan
bang nhitng phwong trinh sau:

(14)

Mm.:Mpl.:M”.:Ml.,vérii:LZ..,N (15)

m,(1) = fit,(t) —worst(t) (16)
best(t) — worst(t)

M.(6) = m,(?) (17)

21:1 mj (t)

Trong do: fit,(r)1a gia tri thich hop cta tac nhan i vao

thoi diém t va worst(t) va best(t) dugc xac dinh nhu sau
(cuc tiéu hoa):

(18)
..... (19)

2.2 Dg xudt siv dyng thugt todn GSA dé tinh todn diéu
Pphoi to may phdt dién [3], [5]
Thuc hién sy hai hoa gitra khdo sat va tinh todn la giam
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s6 lwong tac nhan theo thoi gian, vi vy d& ra chi co 1 chudi
tac nhan voi khéi lwong 16n c6 tac dong lyc 1én tac nhan
khac. Tuy nhién chung ta nén can than khi sir dung cach
nay boi vi n6 co thé lam giam kha ning khao sat va ting
kha nang khai thac. Dé tranh tinh trang méc 151 & didu kién
td1 wu cuc bo, thuit toan phai dung phép khao sat tir déu,
do sai sot trong nhirng lan lap lai, khao sat déan bién mat va
khai thac phai hinh thanh. Dé cai thién két qua ciia GSA
bang cach diéu khién sy khao sat va khai thac chi c6 nhiing
tac nhan Kpes s& hit tic nhan khac. Kpes 1a mot ham sb thoi
gian, voi gia tri ban dau Ko va giam theo thoi gian. Theo
cach @6, tir dau tit ca cac tic nhan tac dong luc va khi thoi
gian tréi qua, Kpest giam xudng. Cudi cing chi c6 mot tac
nhan tac dong luc 1én tdc nhan khac.

F'(®)= Y randF} (1)

JUy

(20)

jeKbest, j#1

Xdc dinh mat do

S

Tinh thich hop cho méi phén ti

v

Cép nhét G, best & worst

v

Tinh M & a cho mdi tac nhin

v

Xdc dinh vi tri & van toc

v

Dép tmg tiéu chuin

Tra két qua t6t nhét

Hinh 3. Nguyén ly gidi thudt GSA

Trong d6 Keest 1a mot chudi cac tac nhan K gﬁu tién véi
gia tri twong tng cao nhat va khoi luong 16n nhat. Cac budce
cua thuat toan GSA bao gom:

- Khao sat ving nhan dang;

- Gia tri hoa ngiu nhién;

- Ué6c lugng tuong thich cho céc tac nhén;

- Cap nhat G(t), best(t), worst(t) va M(t) cho i=1,2...,N;

- Tinh tong luc tic dong tir nhiéu hudng khac nhau;

- Tinh gia tde va van téc;

- Cép nhét vi tri cua tac nhan;

- Lap lai budc 3 dén khi cho két qua tdt;

- Két thic.

3. Ban luan

- Thyc hién tinh toan diéu phéi cong suit ciia mot nha
may gom 3 t6 may phat vdi dir liu cac to may dugc ghi lai
trong Bang 1 [9].

Bing 1. Dit liéu 3 16 mdy phat

Unit Pmax Pin A B C

No | MW) | (MW) | ($/hr) | ($/MWhr) | ($/MW?hr)
1 600 150 561 7.92 0.001562
2 400 100 310 7.85 0.001940
3 200 50 93.6 9.564 0.005784

Ap dung giai thuat GSA va PSO tinh toan diéu phdi cho
nha may c¢6 3 t may phat ‘nay ¢ muc tai dién hinh 1a 500
MW, nhu trong Bang 2. Két qua dugc thé hién ¢ hai dd thi
Hinh 4 va Hinh 5.

F24
1

Best-so-far

0 50 10 150 20 20 £ 0 “w 450 50
leration

Hinh 4. Két qua sir dung GSA

Best-so-far

LT

L=
o
i W W wm m ®m W @ @ & W
Heraon
Hinh 5. Két qua sit dung PSO
Bdng 2. Dir liéu tai
Hour 1 2 3 4 5 6
Load (MW) | 1200 | 1200 | 1150 | 1100 | 1000 | 900
Hour 7 8 9 10 11 12
Load MW) | 800 | 600 | 550 | 500 | 500 | 500
Hour 13 14 15 16 17 18
Load MW) | 500 | 500 | 600 | 800 | 850 | 900
Hour 19 20 21 22 23 24
Load (MW) | 950 | 1000 | 1050 | 1100 | 1200 | 1200

Dua trén két qua c6 duogc tir hai giai thuat da tinh toan,
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nhin chung hai giai thuat van cho ra két qua t6i wu, nhung
¢ giai thuat GSA cho théy tinh hoi tu cta giai thuat cao hon
o giai thuat PSO.

- Thyc hién tinh toan diéu phéi cong suit ciia mot nha
may gdm 6 t6 may phét c6 s6 liéu cia cac to may duoc thé
hién trong Bang 3 [10].

Tuong tu, ap dung hai giai thuat GSA va PSO néu trén
dé tinh toan diéu phdi cong suét cta 6 to may phat cho nha
may niy ¢ mirc tai yéu cau 1a 800MW, két qua c6 dugc thé
hién trong Bang 4.

Sé liéu & Bang 4 khong xét tinh hoi tu cia hai gidi thuat,
ma xem xét va so sanh két qua chi phi tinh toan va cong
suat phat ciia mdi t6 may. V6i Hinh 4 va Hinh 5 thi xét dén
hoi ty cla hai giai thuat, vdi GSA thi hdi tu nhanh hon so
voi PSO. Nhu vy, ching ta d& dang dua ra két luan vé tinh
chat ctia hai giai thuat nay khi 4p dung vao tinh toan diéu
phdi cong suat t6i wu ciia cac may phat dién.

Bing 3. Dit liéu ciia 6 t6 may phat

T méy Pmin | Pmax a b c
phatso | (MW) | (MW) | ($/hr) | ($/MWhr) | (S/MW2hr)
1 100 500 | 240 7.0 0.0070
2 50 200 | 200 10.0 0.0095
3 80 300 | 220 8.5 0.0090
4 50 150 | 200 11.0 0.0090
5 50 200 | 220 10.5 0.0080
6 50 120 | 190 12.0 0.0075
Bing 4. Két qua tinh todn diéu phdi theo 2 gidi thudt
Giai thudt | Pi(MW) | Po(MW) | Ps(MW) | ChiPhi($)
PSO | 385.6786 | 52.1139 | 139.0605 |1.1642¢+004
GSA | 240.7879 | 122.6131 | 138.4834 |9.6336e+003
Giai thudt | PaMW) | Ps(MW) | Ps(MW) | Chi Phi ($)
PSO 527439 | 61.8160 | 108.5871 |1.1642¢+004
GSA | 101.0320 | 113.4305 | 83.6532 |9.6336e+003

4. Két luan
Bai bao di dya trén didc tinh cong suat xdy dung ham

chi phi cho cac t6 may phat dién, dong thot s dung mé
hinh toan hoc dé giai bai toan phan bd cong sudt téi wu
bang hai giai thuat PSO va GSA. Tir d6 so sanh va chon
thudt toan GSA lam cong cu tinh toan cho ké hoach van
hanh cac t6 may phat dién dwa vao diéu kién rang budc vé
thong s chi phi to may phat dién va rang budc vé giéi han
phat cong suat cua tung t6 may. O day khong xét dén chi phi
khoi dong may vily do t0 méay nhiét dién tua bin hoi khoi dong
mét rat nhidu thoi gian va chi phi. Néu xét vé diém nay thi
khong thé dap img duge nhu cu phu tii tirc thoi, do vay ¢ day
ching ta chi xét trang thai may phat dang hoa ludi va sin
sang d4p tmg nhu cau tai tirc thoi.
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