58

Lé Binh Lwvong

TINH TOAN BIEU PO TOI UU TRONG HE THONG BIEN CO
MAY PHAT PIEN GIO SU DUNG THUAT TOAN TOI UU CA VOI

OPTIMAL POWER FLOW IN WIND POWER INTEGRATED SYSTEMS
USING WHALE OPTIMIZATION ALGORITHM

Lé Pinh Lwong*
Vién Ky thugt HUTECH, Truong Pai hoc Cong nghé TP. Hé Chi Minh, Vigt Nam?
*T4c gia lién hé / Corresponding author: Id.luong@hutech.edu.vn
(Nhan bai / Received: 07/4/2024; Stra bai / Revised: 07/7/2024; Chap nhan ding / Accepted: 11/7/2024)

Toém tit - Hién nay, cAc ngudn ning lu‘o'ng hoa thach dang can
kiét dan, din dén kha ning phét dién tir cac ngudn ndy ciing bi
han ché. Trong khi nhu cau sir dung niang lugng dién trén khip
thé giéi ngay mot gia ting 1&n. Doi hoi trong hé thdng dién phai
tich hop thém cé4c ngudn ning luong tai tao vao mang dién. Bai
b&o nay gidi thidu cdng cu tinh toan méi 1a thuat toan tdi wu c
voi (WOA) dé dap tng viéc tinh toén diéu do cong suat tbi uu
trong mang dién c6 tich hop nha may phat ning lugng dién gio.
WOA dugc str dung dé giai quyet cac bai toan phl tuyén trong ca
hai truong hop ¢ va khdng c6 nang luong gid. Viéc tinh toan
dugc thuc hién trén h¢ théng mang dién IEEE 30 nit va két qua
thu dugc duoc s0 sanh voi mot sé phuong phap trude day. Tir két
qué phan tich co the suy ra rang, phuong phéap nay da cai thién
két qua tinh toan t&t hon mot sé phuong phép hién co.

Tir khoa - Didu d6 ti uru cdng suat; Nang luong tai tao; Nha may
dién gio6; Thuét toan tbi vu c& voi; mang dién IEEE 30 nat

1. Pit van dé

Bai toan diéu do toi wu cong suat (OPF) dong vai trod rat
quan trong trong linh vuc van hanh va diéu khién hé théng
dién nham dat hiéu qua cao nhit cong sudt phat cua cac nha
may aé dap ung nhu cau dién nang cua todn mang dién.
Diéu d6 tdi wu cong sudt xay ra trong hé thong dién do hé
thdng phat dién tai cic nha may chua dugc phéat dung cong
sudt phu hop véi chi phi phat dién hiéu qua cua timg nha
méy. Dé danh gi4 hoat dong hiéu qua cta hé thong phat
dién, mot sb thdng s duoc xem xét dé danh gia nhu do 6n
dinh dién 4p ctia h¢ thong phét dién, ton that, chi phi nhién
lidu lién quan dén phét dién... Bé dat dugc muyc tiéu tdi uu
ctia h¢ thong, diéu do téi wu cong sudt dugc dat thanh cac
gid tri kiém S0ét cu thé ctia nha may phat dién dya trén cac
gid trj tdi wru, cAc gia tri rang budc can bang va bt can bang
cling dugc kiém tra cho muc tiéu phat dién tai mdi thoi
diém ciia hé thong. Céc rang budc can bang va bat can bang
ctia hé théng phét dién duoc t6i uvu héa gian tiép boi cac
yéu t6 khéc nhu cac bién diéu khién, hiéu qua van hanh cia
c4c bién phu thudc... [1]. Trén thé gioi, hdu hét cac nha
nghién ciru da phat hién ra ring, muc tiéu chinh cua bai
toan diéu do toi wu cong suat la giam chi phi nhién lidu cia
h¢ thong phét di¢n. Céc nha nghién ciu da dua ra cic
phuong phap toan hoc hoan toan khac nhau dé gial quyet
nhitng van dé ctia bai toan diéu do t01 wu cong suat, ¢ thé
la nhirng bai toan tuyén tinh, phi tuyén tinh hodc hén hop
vira tuyén tinh vira phi tuyén. Dé khéc phuc nhuge diém
hién c6 lién quan dén bai toan diéu d6 ti wu, cac k§ thuat

Abstract - Currently, the gradual depletion of fossil energy
sources has limited their ability to generate electricity. In the
meantime, there is a growing global demand for electrical
energy. This requires the power system to integrate more
renewable energy sources into the power network. This article
introduces the Whale Optimization Algorithm (WOA), a new
calculation method for determining optimal power flow in
power networks with integrated wind power plants. WOA is
used to tackle nonlinear problems in both cases, with and
without wind energy. The calculation is conducted on an IEEE
30 bus test system, and the findings are compared with those
obtained from previous methods. The analysis results indicate
that, this method has outperformed some existing methods in
terms of calculation accuracy.
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1ap trinh khéc nhau dugc phét trién nhu phuong phép tuyén
tinh, phi tuyén va phuong phap tinh toan Newton dugc phat
trién [2]. Hé thong phét dién thuong co nhing van dé nhu
kich thuéc hé thong 16n, ¢6 nhiéu bién tuyén tinh va phi
tuyén. Phan 16n c4c bai toan hé théng dién gap khd khin
trong giai quyét & viéc ¢ nhiéu bién khéng lién tuc, khdng
tuyén tinh, dan dén cac phuong phap gidi truyen thong gap
kho khin trong viéc tinh toan toi uru. Trong xu thé phat trién
cua cac thuat toan, nhiéu phuong phap tién hoa dugc phat
trién va &p dung vao giai quyét cac bai toan ti wu trong k§
thuét va cho nhiéu két qua hiéu qua hon so véi cac phuong
phap truyén thong [3]-[5]. Trong cac phuong phap t6i wu
dugc phat trlen thoi gian gan day ndi bac c6 phuong phép
thuat toan tdi wu ca voi (WOA) dugc ap dung vao nhiing
bai toan k¥ thuat khac nhau va da cho nhiéu két qua tinh
toan t6t hon so véi cac phuong phap khac [6].

V6i ¢6ng cu hidu qua ctia cac phuong phép tién héa da
dugc ap dung trong bai toan hé thong dién, trong nghién
clru ndy s& phét trién mot ham muc tiéu 1am giam thiéu chi
phi phét dién va van duy tri on dinh gié tri dién 4p cua hé
thong dién trong khoan cho phép bang cach tich hop thém
vao mang dién cac nha may phat dién gio.

Trong bai béo nay, bai toan phan b cong suét tdi uu
duogc giai quyét cho mot hé théng bao gdm ca may phét
dién gi6 va nhiét. Ban chat khong lién tuc cua trang trai
dién gié duoc gia dinh tuan theo phan phdi Weibull [7].
Hai loai trang trai gi6 khac nhau véi cac yéu tb hinh dang
khéc nhau duoc xem xét dé phan tich hiéu suét [8]-[9].
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Thuat toan toi uu héa cé voi dugc thyc hién dé giai quyét
bai toan diéu d6 toi wu c tg’ch hop trang trai dién gio do sy
don gian cua viée giai quyet cac van de rang budc. Phuong
phap toi uu ca voi duoc dua vao tinh toan, phan tich va so
sanh vei cac phuong phap khac dé néi Ién su wu viée cua
WOA trong giai bai todn van hanh toi uu hé thong dién.
2. Bai toan
2.1. Bai toan diéu dé toi wu
Muc dich chinh cua bai toan OPF la lam giam chi phi
ph:o'lt dién nhung van dam bao cac ché do van hanh cua hé
thong dién. Ham chi phi phat dién cta hé thong duge mé
ta nhu sau:
Cuc tiéu chi phi F;(P)
n
F(P) = Zj_l(aijz +biP; +¢) (1)
Trong doé: Fj la chi phi phat dién cia nha may thu j; a, by
va ¢j 14 cac hé s6 ctuia ham chi phi nhién liéu bac hai.
Rang budc can bing
Phuong trinh can bang cong suat cho hé thong dién
duoc cho boi:
m
Z}':l PJ - Pd
Trong do:
Pq 12 cong suét y8u cau ctia hé thong (MW);
Py 1a cong suat ton hao trong hé thong (MW).
) Tén hao tfuyé‘n tai duoc tinh toan bang phuwong phép hé
s0 B, biu dién bang biéu thirc sau:
P=X Z}'l=1 PiBiij (3)
Rang budc bat phwong trinh
Rang budc cong suat tac dung: Gidi han phat cong suét
tac dung cho cac may phét nhiét dién duge quy ude bai (4).
PJi™ < Py; < PR (@)
Rang budc dién &p: Pién 4p tai cac thanh ci phai nam
trong gidi han quy dinh theo biéu thuc (5).
Vimin < VL < Vimax (5)
Rang budc duong day tai di¢n: Dong cong suat tac dung
trén duong day tdi dién phdi nam trong gisi han quy dinh
va dugc biéu thi bang (6).
S; < Simaxi=1,2,..NTL (6)
2.2. Md hinh nha may dién gid
Dé mo ta sy khong 6n dinh vé toe do gi6 duoc mé hinh
hda toan hoc bang ham phan phoi weibull. Ham phan phoi
Xac suat cua toc do giod duge biéu dién bai (7).

= (5.0 ™

Trong do: k 1a hé sé hinh dang va ¢ 13 hé s6 ty 1&
Cong suat dau ra cua mot tuabin gié dugc cho bai:

-P=0 (2

0v<v,orv>v,y,
(av®+b.P)v, <v< v, (8)
Bvy SV S Vgye

By =

. P, v,
Véia = ' — b= 13 nhitng hing sd.
i Y = o ghang

Séan luong dién gi6 duoc san xudt ra md ta nhu sau:
Puwe = Pw x f(V) 9
2.3. Bai toan diéu d¢ cong sudt toi wu két hop véi ning
lugng dién gid
Phuong trinh can bang cong suit dugc diéu chinh
thanh:
7=1Pj+2€11PiW_PD_PL=0 (10)
Ham chi phi tuong ing v6i ndng luong gié phat ra duge
tinh boi biéu thuc sau:
Fi(Piw) = di(Piw) (11)
Trong do, d; & chi phi truc tiép cua nang lugng gi6 phat ra
tir nha may dién thu i.
Tépg chi phi cua h¢ thdng nhiét gié két hop duogc tinh
toan bang biéu thirc nhu sau:

T(Pg) = Fj(Pj) + Fi(Piw) (12)

3. Thuit toan tdi wu cé voi gidi quyét bai toan diéu do
tdi wu cong suit co tich hop nha may dién gio
3.1. Thudt toan téi wu c& voi

Thuét toén téi wu ca voi dugce Seyedali Mirjalili va
Andrew Lewis phét trién vao nam 2016 [9]. Phuong phap
nay md phong cac hanh vi xa hoi va san moi cua loai c& voi
lung gu trong tu nhién dé phat trién thanh thuat toan giai
cac bai toan t6i wu. Piéu th( vi nhit vé& nhimng con cé voi
lung gu 1a phuong phép san dic biét kiém thuc an bing
mang ludi bong bong cua ching [10]. Ca voi lung gu san
moi bang cach tao ra cac bong bong dic biét theo mot vong
tron xoén ¢ nhu trong Hinh 1. Hanh vi khi san méi cta ca
voi bao gdm nhiing phan chinh nhu sau:

- Tiép can con moi.

- Truy dudi va bao vay con méi cho dén khi con moi
ngung di chuyén.

- Tan cAng con moi.

Hinh 1. Adc tinh liwéi bong béng sdn méi ciia cé voi [11]
3.1.1. Tiép cdn con moi

Bt du quy trinh sian mdi, khi ca voi lung gui phat hién
ra vi tri ctia con méi va tién hanh bao vay chdng. Ban dau
thuét todn WOA chua biét dugc vi tri nghiém t6i uwu trong
khodng gian tim kiém nén thuat todn gia dinh rang 16i giai
tot nhat hién thoi la con moi muc tiéu dang dy dinh san.
Sau khi ¢ thé tim kiém tot nhat dugc xac dinh, cac cé thé
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tim kiéma khac s& hudng theo cap nhat vi tri ctia minh déi
v6i ca the tim kiem tot nhat d6 [12]. Hanh vi nay dugc mo
hinh todn hoc dudi dang biéu thire sau day:
D= |CxX(t) - X
X(t+1)=X(@t)— A xD
Trong do:
t 1a vong lap hién tai;
A va C la cac véc-to hé sd;
X* 14 véc-to vi tri tt nhat dat dugc;
X la véc-to vi tri;
Toén tir |.| 1a gié tri tuyét doi.
Véc-to X* can dugce «c@p nhét sau mdi lan 13p néu tim
duge mot 161 giai khac tot hon.

(13)
(14)

A=2dx7-d (15)
C=2x7 (16)
Trong do6:

a 1a thanh phan giam tuyé’nrtl'nh tir 2 xudng 0 trong qua
trinh 13p cho ca hai giai doan tiép cén va truy du6i con moi;
r 1a véc-to ngau nhién co gia trj trong khoang [0,1].

3.1.2. Truy dudi con moi

Thu hep va bao vay: Hanh vi nay c6 thé dat duoc bang
cach giam gia tri cuia véc-to a trong phuong trinh (15).
Luu y rang bién do dao dong cua A cling dugc giam theo
su thay doi cua a. NGi cach khac, A ¢6 gia tri ngau nhién
trong khodng [-a, a] khi a dugc gidm tir 2 xuong 0 trong
qua trinh 13p. Qua viéc thiét 1ap cac gi@ tri ngau qhién chp
A trong khoang [-1,1], vi tri méi c6 thé duoc thiet lap bat
clr noi nao ¢ gilra vi tri ban dau va céac vi tri tot nhat hién
tai [11], [13].

Cép nhat vi tri xodn 6¢: Nhu trong Hinh 2, phuong phép
nay dau tién tinh toan khoang cach gitra cac con ca voi
(X,Y) va con moi ¢ toa do (X*,Y*). Phuong trinh xoén oc
duoc tao ra?gifra cac vj tri ctia ca voi va con moi dé bat
chudc chuyén dong xoan hinh ctia ca voi lung gu nhu sau:

Xt +1)= D" x e’ x cos(2nl) + X* (t) (17)
D' = |X*(t) — X(t)| (18)
Trong do:

D’ chi ra khodng cach cua con ca voi thir i t6i con moi
(161 giai tot nhat dat dugc cho dén nay);
~ blamét hing s6 dé xac dinh hinh dang ciia dudng xoén
oc logarit;

| 1a mot s6 ngdu nhién c6 gid tri trong khoang [-1,1].

_Luu y réng nhiing con c& voi lung gii boi quanh con
moi v6i pham Vi thu hep vong tron va doc theo dudong xoan
oc cling mot Itc. DE md phong hanh vi dong thoi nay, gid
dinh rdng c6 mot Xac suat khoang 50% d¢ lya chon gilta
mot trong hai co ché san moi dé cap nhat vi tri ca voi trong
sudt qué trinh t6i wu. Tir ddy, ta c6 duge bi€u thirec ham cap
nhat vi tri nhu (19).

ﬁ X(t)—AxDp<05

X+ 1) {_, © P (19)

D' x eP' x cos(2ml) + X*(t) p = 0,5

Vi p 1a s6 ngiu nhién c6 gia tri trong khoang [0,1].

x A
O
Q
(X,Y)
» Q —
S 3 ©/ '
>(X‘,Y')Q D,
@) @
0.5 -1 1 71

Hinh 2. Cdp nhdt vi tri theo vong xodn éc [11]

3.1.3. T4n cong con mdi

Trong thyc té, ¢ voi lung gu thuong tim kiém ngiu
nhién theo vi tri cia nhau. Do d6, viéc stt dung vécto A vGi
c4c gi4 tri ngdu nhién 16n hon 1 hodc nhé hon hon -1 dé bét
budc cac ca thé tim kiém di chuyén ra xa mot vi tri tham
chiéu. Nguoc lai véi giai doan sin mdi, can cap nhat vi tri
cliia mot ca thé tim kiém trong giai doan tdn cong can cr
theo su lya chon ngiu nhién cia cé thé thay vi ca thé tot
nhét hién tai. Co ché ndy cung vé6i |A] > 1 nhan manh viéc
san mdi va cho phép thuat toan WOA thuc hién tim kiém
toan cuc. M6 hinh toan hoc nhu sau:

D=|C %X Xrana — X| (20)
Xt +1)=Xygma —A XD (21)

Trong d6: Xrand 1a mot véc-to ngau nhién trong quan thé.
3.2. C4cC bude tinh t0an ciia thudt todn téi wu cé voi

Khéi tao tép cac cathé cavoiban ddu X; i =1, 2, ..., N)
Tinh toan ham danh gia cho médi ca thé
A duge chon lam cé thé tét nhat
while 1 < s6 vong lap téi da
for d6i v&i mbi ca thé
Capnhita, 4, C, Ivap
if p<0,5
if 4] <1
Cép nhét vi tri ca thé hién tai theo cong thire (13)
else if (4] > 1
Chon lra mét ca thé ng5u nhién Xran
Cap nhat vi tri ctia ca thé hién tai theo cdng thire (21)
end if
elseifp > 0,5
Cap nhét vi tri ctia ca thé hién tai theo cong thirc (17)
end if
end for
Kiém tra bt cit ca thé nao di qua gidi han va hiéu chinh
Tinh toan ham danh gia méi ca thé
Cép nhat X* néu c6 1di giai tét hon
t=t+1
end while

Tra vé gia tri X*

Hinh 3. Céc burde tong thé ciia thudt todn WOA [11]
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Thuat toan WOA bt dau véi mot tap hop céc 10i giai
ngau nhién. Tai mdi lan ldp, viéc cap nhat vi tri tim kiém
d6i voi ca thé tim kiém dugc chon ngiu nhién hoic cac 16
giai t6t nhat. Cac tham sé a duogc giam tir 2 dén 0 dé cung
cép cho viée san mdi, tin cong twong tng. Viéc tim kiém
ngau nhién duoc chon khi |A| > 1, trong khi d6 101 giai t6t
nhit duoc chon khi |A|< 1 dé cap nhat vi tri cua cac c& thé
tim kiém. TUy thudc vao gié tri cua p, thuét todn WOA c6
thé chuyén dbi giita xoan dc hay chuyén dong tron. Cudi
cung, thuat toan WOA két thdc khi thoa man mot diéu kién
nao do. Cac budc tong thé cua thuat todn WOA duoc cho
nhu trong Hinh 3.

3.3. C4c bwdc tinh t0an diéu dp t6i wu cong sudt c6 tich
hop nha may dign gi6 bang thudt toan 16i wu C& voi

‘ Khéi tao quén thé ban déu ‘

‘ Tai céc théng sb cia mang dién |

‘ Tich hop nha may dién gi¢ vio mang dién

| Tinh todn him phi hop céc cé thé

I

| Cép nhét cc théng s6 difu khién 4, €, Ivap ‘

Cép nhét vi tri ca thé
theo biéu thike (17)

4.1. Piéu dp toi wu khong cd nha may dign gio

Trong trudng hop nay, cong suit phéat dugc tao ra boi
cac nha may nhiét dién duoc va tinh toan diéu do céng suét
t6i wu. Muc tiéu chinh & day Ia giam thiéu chi phi nhién
liéu va duy tri cdu hinh dién &p & gidi han mong mudn.
Ciing can phai dap ung diéu kién vé viéc duong day duoc
van hanh trong gi6i han nhiét cia chiing. Két qua thu duoc
cho truong hgp nay dugce trinh bay trong Bang 2 va 3.

Bidng 2. Bdng so sénh chi phi phat dién cc nha may trong
mang dién |IEEE 30 nut

e ' !

Hinh 4. Thudt todn WOA gidi bai toan diéu do t6i weu
cd may phat dién gid

4. Két qua tinh toan

Diéu do tdi wu cong suit trong mang dién c6 tich hop
nha méy phat dién gi6 duogc tinh toan bang phuong phép
WOA. C4c rang budc dugc xét trong bai todn bao gom:
rang budc cong sudt tac dung, rang budc dién &p va rang
budc gioi han trén dudng day truyén tai. Thuat toan dé xut

Phuong PPSO |PPSOGSA| HHO GTO
phap |CAISl| 1y [18] o] | o | WOA
Gl
(Mwy |177:9992| 176,532 | 177,11 | 17697 | 177,022 1773745
G2
(Mw) | 518479 | 48774 | 48579 | 48877 | 436342 | 482903
G3
(Mw) | 203332 | 21494 | 21,367 | 21425 | 21,3899 | 21,1688
G4
(M) | 17,6587 | 21,592 | 21437 | 22,020 | 21,3763 | 21,5500
G5
(Mwy | 123484 | 120387 | 11935 | 1229 | 119614 | 11,6617
G6
(Mwy | 128551| 12| 12002 | 11206 | 12,056 | 120363
(,\F/’ISV) 293,0425| 292,431 | 292,43 | 292,788 |292,4398|292,0816
PL
(M | 96426 | 903 | 9027 | 9386 | 90206 | 9,001
C(g}hp:)" 802,296 |800,6665| 800,528 | 801,829 (800,0028|799,2501
Bing 3. So sénh cdu hinh dién &p giira céc phwong phép
i} Thong sé | PPSO [17] Ppsﬁgsp‘ GTO[20]| WOA
R S e V1 1,06 1,0842 1,0832 1,10
aj dt vi tri ca theé 4] it V1 tri ca the
theo b thie (21) theo b thie (14 V2 1,043 1,0652 1,0630 | 1,0873
44 V3 1,01 1,0339 1,0331 | 1,0618
b o Va4 1,01 1,0379 1,0379 | 1,0711
o G| V5 1,082 1,0934 1,0804 | 1,0074
- V6 1,071 1,0433 1,0472 | 1,0097
840 T T T T T
-=-GA
835 HHO
PPSO
-------- PPSOGSA
830 1] —-=-GTO 1
— \WOA
825
2
g

dugc thir nghiém trén mang dién IEEE 30 nat [14]-[15] va
két qua tinh toan duoc so sanh vai cac phuong phép khac
cung tinh todn mang dién trén. C4c gidi han phét dién va
hé s6 chi phi may phét dién ciia hé thong thir nghiém dugc
dua ra trong Bang 1.
Bing 1. H¢ 56 chi phi may phét dién va gici han cong sudt tac
dung ciia mang dién |EEE 30 n(t

Unit | a ($'MW?) | bj ($/MW) | ¢ Pgmin | Pgmax
1 0,00375 2 0 50 200
2 0,0175 1,75 0 20 80
3 0,0625 1 0 15 50
4 0,00834 3,25 0 10 55
5 0,025 3 0 10 30
6 0,025 3 0 12 40

795 L L L L L
0 50 100 150 200 250 300

Sé vong lap

Hinh 5. Bdc tinh hgi tu chi phi 13i wu mang dién
IEEE 30 nt khong cé nha may dién gid
Trong Bang 2, két qua thu dugc tir phuong phap WOA
dugc so sanh véi mot sé phuong phép giai trén mang dién
nay gan ddy. C6 thé thay, chi phi thu duoc khi sir dung
phuong phap WOA 12 799,2501 $/gid, thap hon so véi cac
phuong phap khéc. Thuat toAn WOA mat 8,216 gidy dé hoi
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viéc giai cac bai toan phi tuyén tinh. Tén that dién ning ciia
phuong phap d& xuét tinh toan cho cac nha may ciing it hon
S0 v6i nhimg phwong phap khéc. Trong Bang 3, cdu hinh
dién ap thu duoc tai cac nat may phéat dugc dua ra va so
sanh vai cac phuong phép khéc, két qua cho thay tat ca cac
ndt nam trong gidi han dién &p cho phép va diéu ndy ciing
duogc minh hoa nhu trén Hinh 6.

Puong dic tinh hoi tu cuc tiéu chi phi nhién liéu phét
dién béng cac thuat toan GA, HHO, PPSO, PPSOGSA,
GTO va WOA duoc hién thi trong Hinh 6. Tir hinh v&, ¢6
thé thiy, thuat toan dap tng giai quyét bai toan tdi uru trong
mang dién va dua dén két qua hoi tu khé tét.
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4.2. Diéu dé toi wu c6 xét nha may dién gid

Trong truong hop Ny, bai toan didu d¢ toi wu duge tinh
toan ¢ xét dén nha méy dién gi6 trong hé thong dién. Hai
nha may dién gi6 c6 cong suit 50MW véi cac théng sb
khéc nhau dugc xem xét cho nghién ctru. Céc thong sé dit
lidu lién quan dén tuabin gi6 dwoc cho trong Bang 4 [17].
San luong tir cAc nha may dién gié dugc tinh todn bang
ham phan phbi weibull va dugc két hop cung cap nhu cau
phu tai trong hé thong thir nghiém. X4c suit san luong gi6
tir nha méy dién gi6 2 dugc biéu dién trong Hinh 7.

Gia thiét rang, ning luong gi6 san xuat dugc s& ban cho
tién ich cong cong dua trén murc gia b dinh. San lugng thu
dugc tir nha may dién gié duoc tich hop vao hé thong dé
tinh toén diéu do t6i wu mang dién. Két qua tinh toan trong
Bang 5 & cac trudng hop khdng c6 va co nha may dién gid
dugc o sanh vé mat phat dién va ton that dién nang. Nhan
thiy rang, ton that dién ning trong truong hop c6 nha may
dién gi6 1a rat thip so vai truong hop khéng c6 nha may
dién gio.

Bing 4. Thong s6 kp thudt ciia tuabin gi6

Nha may dién gi6 1 Nha may dién gi6 2
Kwl 1 Kw2 2

Cl 15 C2 15
Vinl 3mls Vin2 3m/s
Voutl 30 m/s Vout2 30 m/s
Vrl 12 m/s Vr2 12 m/s

Pri 50 MW Pr2 50 MW

dil 2 $/hr d2 2,25 $/hr

0.06

Phan bb xac suat
o
o
w

5 10 15 20 25 30
Van téc gi6 (m/s)

Hinh 7. Ham mdt dé Xac sudt ciia nha may dién gi6 2

Bing 5. S0 sénh diéu dg t6i wu mang dién trong triong hop
khdng c6 va c6 nha may dién giod

PPSO [17] WOA
Thon 0 5 0 5
S5 VW)| mhamay | COmmamay| IR | Co nha my
dién gio dién gio dién gio dién gio

Gl 176,5322 | 143,0481 | 177,3745 | 143,1112
G2 48,774 40,38001 | 48,2903 | 39,89631
G3 21,49417 | 18,10216 | 21,1688 17,77679
G4 21,59226 10 21,5500 10
G5 12,03878 10 11,6617 10
G6 12 12 12,0363 12,0363

WG1 - 34,2418 - 34,1153

WG2 - 21,6346 - 21,2531
PG 292,4314 | 289,4067 | 292,0816 | 288,9682
PL 9,03 6,0067 9,001 5,9154

Tir Bang 6, ¢6 thé thay, chi phi thu dugc cho hé théng
két hop c6 cac nha méy dién gié va nhiét 1a 719,5035$/gid,
gia tri rat thap so voi trudng hop khdng cé dién gi6. Pudng
cong hoi tu tinh toan dua trén cac thuat todn PPSO va WOA
cho truong hop c6 st dung nha may niang lugng dién giod
duogc thé hién trén Hinh 8. Tir Hinh 8 cho thiy, d6 hoi tu
cua thuat WOA khi &p dung giai bai toan diéu d¢ t6i uu
cong suat c6 may phat dién gi6 cho sy 6n dinh trong tim
kiém diém t6i wu sau mdi vong lip va dua dén két qua hoi
tu kh& nhanh chdng.
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Hinh 8. Bdc tinh hdi tu t6i wu héa chi phi mang dién
IEEE 30 nGt c6 nha may dién gio
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Bdng 6. So sanh chi phi phat dién trong truong hop khong co va
c6 nha may dién gi6 bang thudt todn WOA

Méy phat dign | KNONg COnhamay | CO nha may
dién gio dién gio
PT (MW) 292,0816 233,5998
Pw1 (MW) - 34,1153
Pwz (MW) - 21,2531
Crher ($/hr) 799,2501 603,4534
Cua ($/hr) - 68,2306
Cuz ($/hr) - 47,8195
Chi phi ($/hr) 799,2501 719,5035

S6 vong lip 300 300

Tir két qua thu duoc, cd thé thiy, ton tht toan hé thng
giam Kkhi ting cuong su dung nha may phat niang luong
dién gi6 trong hé thong va chi phi phat dién dé dap ung nhu
cau phu tai cling dugc giam thiéu.

5. Két luan

Trong bai béo nay, bai toan diéu do t6i wu c6 nha méay
phét dién gi6 va nhiét dién da dugc giai quyét. Cac truong
hop khong c6 va c6 nha may phat dién gi6 déu duoc tién
hanh nghién ctru tinh toén. Ban chat ngu nhién va khong
lién tuc cua trang trai gié dugc md hinh hda bang ham phan
phdi weibull va dau ra thu dugc tich hop vao hé thong dién.
Viéc phan tich dugc thuc hién trén hé thdng mang dién
IEEE 30 n(t st dung thuat todn WOA va két qua dugc so
sanh théng qua mot sé phuong phép khac. Tang san lwong
phét céng suat nha may dién gi6 dan dén giam chi phi van
hanh hé thong va ton thét ciing dwoc giam thiéu. Két qua
nghién ciru ciing chimg minh rang thuat toan WOA gilp
dat dugc sy hoi tu nhanh chdng trong céac truong hop
nghién ciru dé dat dugc chi phi téi uu.
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