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TOM TAT

Luan an trinh bay cac phlrong phéap (PP) giai bai toan tai cau hinh ludi dién
phan phéi (LDPP) dya trén cac giai thuat heuristic tong quat. Trong d6, bai toan
tai cAu hinh giam t6n that cong suat tac dung duoc thuc hién duwa trén thuat toan
cuckoo search (Cuckoo Search Algorithm - CSA). Y tuwong cua CSA duatrén tap
tinh ky sinh nudi dudng ctia mot sé loai chim tu hi duy tri noi gidng bang cach
dé trirng vao t6 cua céac loai chim khéc. Két qua so sanh véi thuat toan di truyen
(Genetic Algorithm - GA) va bay dan trén cac LDPP 33, 69 va 119 nit cho thay,
CSA 1a PP hiéu qua dé giai bai toan tai cau hinh LDPP, dic biétla trén cac LDPP
c6 quy md I6n. Trong khi d6, bai toan tai cau hinh da muc tiéu giam ton that cong
suat, chi s can bang tai, chi s6 can bang xuat tuyén, do léchdién &p nat va sé lan
chuyén khéa di dwoc giai dua trén thuat toan Runner-Root (Runner-Root
Algorithm - RRA). Y tuong ctia RRA dua trén sy nhan giéng caa mot sé 10ai
thuc vat c6 than bo lan. Két qua kiém tra trén hai hé thong 33 va 70 ndt cho thay
RRA nhicu uu diem so véi GA va CSA.

Ngoai ra, anh hudéng cia vi tri va cong suét ctia nguén dién phan tan
(Distributed Generation - DG) den bai toan tai cau hinh trong cac truong hop
khac nhau nhu chi thyc hién tai ciu hinh, chi thie hién t6i uu vi tri va cong suat
DG, tai cau hinh sau khi lap dat DG, lap dit DG sau khi tai cdu hinh, tai ciu hinh
két hop véi t6i wu cong suat DG dong thoi va tai ciu hinh két hop véi t6i wu vi
tri va cong suat DG da dugc xem xét. Két qua cho thiy bai toan tai cdu hinh két
hop véi tdi wu vi tri va cong sudt DG cho phép thu duoc cAu hinh ludicé ton that
cong suat bé nhat va cau hinh dién 4p tot nhat. Luan an ciing da trinh bay PP tai
cu hinh LDPP c¢6 xét dén DG giam t6n that ning lugng trong khoang thoi gian
khao sat, ap dung cho cac LDPP gap kho khan trong qua trinh thu thap d6 thi phu
tai. PP dé xuat dya trén cong suat trung binh cua phu tai va cong suat phat trung
binh cua DG trong thoi gian khao sat. Uu d1em ctia PP 1a khong yéu cau do thi
phu tai cling nhu cong sudt phat cia DG tai mdi thoi diém trong thoi gian khao
sat. Két qua tinh toan cho thdy, c6 thé sir dung cong suat trung binh cta phu tai
va DG dé xac dinh cau hinh van hanh LDPP giam ton thit nang lugng va PP dé
xuat co uu diém vuot trdi vé mit thoi gian tinh toan so véi phuong phap sir dung
d6 thi phu tai va d6 thi cong suat phat cua DG.

Bén canh danh gia trén cac LDPP mau, PP va bai toan dé nghi da duoc ap
dung thanh cong trén LDPP trung ap thuc té cua huyén Chu Prong, Gia Lai. Két
qua tinh todn cho thdy, c6 thé sir dung cac PP da nghién ctru lam tai liéu tham
khao khi van hanh LDPP Chu Prong.



ABSTRACT

The thesis presents methods for solving the distribution network
reconfiguration (DNR) problem based on metaheuristic algorithms. In particular,
the DNR problemfor active power losses reduction is solved based on the cuckoo
search algorithm (CSA). The CSA is inspired from the obligate brood parasitism
of some cuckoo species which lay their eggs in the nests of other host birds of
other species. The results of comparison with genetic algorithm (GA) and particle
swarm optimization in the 33, 69 and 119 nodes show that CSA is an effective
method to solve DNR problem, especially apply for large scale systems.
Meanwhile, the multi-objective DNR problem for minimizing real power loss,
load balancing among the branches, load balancing among the feeders as well as
number of switching operations and node voltage deviation is solved based on
the Runner-Root algorithm (RRA). The idea of the RRA is inspired from the
plants propagated through runners. The test results on both 33 and 70 nodes
system indicate that RRA are more advantageous than GA and CSA.

In addition, the influence of location and capacity of distributed generations
(DG) to the DNR problem in different cases such as reconfiguration only,
optimization of location and size of DG only, reconfiguration after installing
placement of DG, placement of DG after reconfiguration, simultaneous
reconfiguration with optimization size of DG and simultaneous reconfiguration
with optimization location and size of DG are considered. The results show that
DNR problem combined with optimization location and size of DG is the most
efficient solution for minimizing power loss and enhancing voltage profile.

The thesis also proposes an effective method to optimize distribution
network topology in the presence of DG for energy lossover a given time period
applied for the practical networks that are difficult for obtaining load curves. The
proposed method based on average power of each load node and average
generation power of each DG in the surveyed period . The advantages of the
method are without requiring load curves and generation curves of DG. The
calculated results show that the average power of load and DG can be used to
determine the operating configuration which has minimum energy loss and the
proposed method has the advantage of computational time compared with the
method using load curves and generation curves of DG.

The proposed methods and problems have been also successfully applied in
the practical medium voltage system in Chu Prong district, Gia Lai province. The
calculated results show that the studied methods can be used as reference
materials when operating the Chu Prong network.
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thrng 1
G101 THIEU

1.1. Pat van deé

LPPP thuong co ton that dién nang va do sut ap 1on. Do do, rat nhiéu bién
phap da dugc sir dung dé giam ton that dién ning trén LDPP nhu nang cao tiét
dién day dan, bu cong suit phan khang, véan hanh ¢ cap dién ap cao hon va tai
cdu hinh LDPP. Trong do, tai cau hinh théng qua thay do6i trang thai cac khoa
di¢n la bién phap it ton kém nhat. Tuy nhién, bai todn tai ciu hinh LDPP 14 bai
toan phi tuyén v&inhiéu cuc tri dia phuong, kich thudc bai toan 16n do ¢ nhiéu
khoa dién trén LDPP va la bai toan c6 rang budc cao. Vi vay, tim kiém PP giai
t6i uu cho bai toan tai cau hinh 1a nhu cau thiét yéu trong nghién ctru hé thong
dién phan phbi.

Ngoai ra, su xudt hién ngdy cang nhiéu ctia DG duoc két ndi truc tiép dén
LDPP ciing gop phan nang cao hiéu qua cua LDPP. Lap dat DG trén LDPP cling
gian tiép lam giam ton that dién nang trén LDPP. Tuy nhién, neu lap dat & nhitng
vi tri khéng t0i uu va cong suat khong phu hop 6 thé 1am ting ton that dién ning
trén LDPP. Do d6, nghién ctru bai toan tai cAu hinh LDPP, khong thé khong xét
dén anh hudng cua DG.

1.2. Muc tiéu va nhiém vu ciia dé tai

Nghién ctru cac PP tai ciu hinh LDPP st dung céc giai thuat tim kiém toi
uu. Cu thé ludn 4n can thyc hién cac nhiém vy sau:

Tai ciu hinh LDPP giam ton thit cong sudt, da myc tiéu st dung cic giai
thuat tim kiém t5i vu va dé xudt dugce PP hiéu qua, phi hop vdi bai toan tai cAu
hinh;

Tai cAu hinh LDPP giam ton thit cong suit, giam ton that ning lugng cé xét
dén anh hudng cua DG.

1.3. Giéi han cia dé tai

- Bai toan tai ciu hinh LDPP trung 4p giam ton that cong sut, da muc tiéu;

- Bai toan tai cau hinh LDPP giam ton that cong sut, giam ton thit ning
lugng c6 xét dén nguon dién phan tan.

1.4. Dong gop cua ludn an

Ap dung thanh cong thuat toan t01 wu tong quét cuckoo search (CSA) va
Runner-Root (RRA) giai bai toan tai cau hinh LDPP giam ton that cong suat va
bai toan tai cAu hinh da muc tiéu. Trong d6, cac thuat toan dugc diéu chinh vé k§
thuat mi hoa bién diéu khién dudi dang sb nguyén chi vi tri cac khéa dién md
trong cac vong kin trén LDPP dé gitp cho thudt toan tao ra nhiéu ciu hinh luéi
hop 1€ hon so voicac phuong phap ma hoa khac va ky thuat gioi han khong gian
tim kiém ctia cac khoa dién gitp céac thuat toan t6i wu khong bi bo sot nghiém
trong qua trinh tinh toan.

Panh gia anh huong ctia DG dén bai toan tai cu hinh LDPP thong qua viéc



giai bai toan tai cdu hinh két hop vdi bai toan t6i wu vi tri va cong suat DG trén
LDPP. Thong qua viéc su dung thudt toan CSA giai bai toan tai cau hinh, bai toan
t6i wu vi tri cong suat DG va cac bai toan tai cdu hinh két hop voi bai toan t6i wu
vi tri va cong suat DG cho thiy phuong phap tai cau hinh két hop Vo1 t6i uu vi
tri va cong suat DG dong thoi thu dugc cau hinh c6 ton thit cong suat dat cuc
tiéu va chat luong dién ap duoc cai thién hon so véicac ky thuat giai bai toan tai
cau hinh va t6i vu vi tri DG riéng r& hay két hop hai bai todan mot cach khong day
du.

Pé xuét phuong phap tai cau hinh LDPP c¢6 lép dat DG st dung thut toan
tim kiém t6i wu dé giam ton that ning luong. Uu diém cua phuong phap dé xuit
1a sir dung cong sudt trung binh cua phu tai va cong suat phat trung binh cua
nguén DG trong thoi doan khao sat dé tim cAu hinh van hanh khong d6i trong
thoi doan khao sat co ton thit ning lwong bé nhit. Phuong phap ndy co thé ap
dung cho cac LDPP c6 chi phi chuyén tai cao va cac LDPP gip kho khin trong
qua trinh thu thap do thi phu tai va cong suit phat ctia DG.

Vé mat thure tién, cac phuong phap nghi€n ctru c6 kha nang ap dung vao cac
LDPP thuc té théng qua cac két qua kiém tra trén LDPP Chu Prong. Cu thé, sau
khi thuc hién tai cau hinh giam ton that cong sut, da xac dinh dugc ciu hinh van
hanh t6i wu giup giam 9.4% ton that cong suat so voi cdu hinh ludi hién htru.
Ngoai ra, luan an da dé xudt giai phap tai cau hinh da myc tiéu nham giam so Vi
tri phai lap thém khoa dién ctng nhu dam bao sy can bang cua cac XuAt tuyen
Qua do, da xac dinh duoc cau hinh van hanh giam duoc 8.9% ton that cong Suit
o vGi cau hinh lugi hién hitu béng viéc lép dat thém mot khoa dién trong hé
théng. Bén canh d6, luin an da dé xuat giai phap xac dinh duogc vi tri két ndi tbi
ru va cong sudt phat toi vu vao LDPP Chu Prong cho cac DG trén dia ban vén
dang két ndi dén cac tram bién ap 35 kV dé nang cao hiéu qua ctia LDPP Chu
Prong. Phuong phép va két qua thuc hién c6 thé duoc dung tham khao khi quy
hoach cac diém két ndi mot sé DG hién hiru vao LDPP Chu Prong 22 kV.

1.5. B6 cuc ciia lufn an

Luin an gdm 6 chuong: Gidi thiéu; Téng quan vé tai cdu hinh LDPP; Tai
cdu hinh LDPP str dung cac giai thuat tim kiém tdi uu; Téi cau hinh LDPP c6 xét
dén may phat dién phan tan; Ung dung tai cau hinh LDPP Chu Prong - Pién lyuc
Gia Lai; Két luan.



) Chwq’ng 2 .
TONG QUAN VE TAI CAU HINH LDPP

2.1. Giéi thi€¢u

Téi cau hinh LDPP 1a qué trinh thay di cdu trac hinh hoc ctiia LDPP bang
viéc thay doi trang thai cua cac khoa dién thuong dong va thuong mo trong khi
van dam bao thda man céc rang budc tiy theo muc dich ctia nha van hanh, trong
do6 co cac rang budc k¥ thuat nhu [1]:

- Tat ca cac nat tai phai luon dugc cung cp dién.

CAu trac hinh tia cia LDPP 1uon luén duoc dam bao trong moi diéu kién.
Pién 4p cac nit phai nam trong gidi han cho phép.
Dong dién trén cac nhanh nam trong gidi han dinh mirc cho phép.

Bai todn tai cdu hinh duoc giai bang hai nhdom PP chinh: heuristic va
heuristic tong quat. Trong d6, heuristic tong quat c6 wu diém 1a khong c6 cac yéu
cau dic biét nhu tinh lién tyc cta ham muc tiéu va hi¢u qua trong viée xur ly cac
bai toan t01 uu co rang budc [1]. Tuy nhién, ddi véi cac thudt toan heuristic tong
quat thi Van dé can quan tAm 1a ching c6 thé roi vao cuc tri dja phuong va céac
thong s can diéu chinh trong qué trinh thuc hién. Vi vay, bai toan ngan ngura sy
héi tu som vao cyc tri dia phuwong cua cac thut toan heuristic tong quat can duoc
quan tam giai quyet

Qua4 trinh tai cau hinh khong chi anh hudng dén ton that cong suat ma con
anh huong dén nhiéu yéu t6 khac ciia LDPP. Vi vay, bai toan tai ciu hinh da muc
tiéu ciing can duoc nghién cau. Ngoai ra, v6i sy phat trién cla cic ngudn ning
luong tai tao, cAu hinh ctia LDPP ciing dang dan dugc thay doi. Mot trong nhirng
thay ddi manh mé d6 1a sy xuat hién ctia DG trén LDPP. Vi vay, anh hudng cua
DG ciing di thu hat dugc sy quan tim cta nhiéu nha nghién ctu.

Trong cac bai toan lién quan dén tai cdu hinh LDPP, bai toan tai cdu hinh
giam ton thit cong suat dugc xem nhur md dun chinh ctia cac bai toan. Tuy nhién,
trong thuc té van hanh LDPP, bai toan giam ton that nang luong moi la bai toan
can quan tim do boi sy thay ddi cua phu tai.

2.2. M0 hinh bai toan tai cAu hinh LDPP cb dién

2 2
Min f = SN kR -5 i=1,2,..., Nbr (2.1)
Véi l
ki|5i| < Simax [ = 1,2, ey Nbr (22)
Vimin <V < Vimax  J = 1,2,..., Nbus (2.3)

2.3. Mot so phwong phap tai cau hinh LDPP

Trong phan ndy mot s6 PP tai ciu hinh LDPP duogc gio1 thiGu nhu: PP ky
thuat vong kin; PP trao doi nhanh; PP dong cong suat t6i uu; PP dong cong suat
toi wru cai tién; Giai thuat di truyen Giai thuat t0i uu bay dan; Giai thuat toi uu
trong truong; Giai thuat tim kiém IUi.



2.4. Két luan

Bai toan tai cau hinh LDPP giam ton that cong suit di duoc giai bang hai
nhém phuong phap chinh heuristic va heuristic tong quéat. Trong d6, phuong phap
heuristic 12 phuong phap tim kiém dya trén céc tri thirc kinh nghiém, cac phuong
phap thtr sai dé tim cac giai phap c6 thé chip nhan dugc trong khoang thoi gian
hop ly. Nhung rd rang d6i voi cac phuong phap ndy, khong c6 sy dam bao cho
mot giai phap tot nhat duoc tim thay Ngoai ra, do dugc xay dung dua trén tung
tri thirc kinh nghiém cu thé, nén hau hét cac phuong phap nay thuong dugc thiét
ké cho tirng bai toan cu thé. Doi vdi bai toan tai cau hinh LDPP, chu yéu cac
phuong phap heuristic dugc xay dung dé giai bai toan giam ton thit cong suat.
Trong trudng hop, thay d6i ham muyc tiéu, cac phuong phap trén khong con phu
hop. Phuong phap heuristic tong quat 1a phuong phap tim kiém duya trén céc tri
thirc tong quat va cé thé dugc ap dung cho nhiéu loai bai toan khac nhau. Hau
hét cac phuong phap nay duoc xay dyng dua trén cac y tuong tir tir nhién. GA
dira trén thuyét tién hoa cua Darwin, PSO dua trén tip tinh bay dan cua mot s6
loai chim, GSA duya trén hai dinh ludt cua Newton, .... Mac du cac nha nghién
ctru ludn ¢b ging tim ra cac giai thuat 6t hon, nhung rd rang phai thira nhan rang
khong c6 mdt giai thuat nao 1a hoan thié€n, c6 nhiing giai thuat cho két qua t6t
hon giai thudt khac & bai todn nay nhung lai cho két qua xau hon giai thuat khac
0 bai toan khac. Vi vdy, viéc tim ra cac giai thuat phu hop nhat cho mot bai toan
cu thé van can dugc quan tim. Hon nita, do cac bién diéu khién cua bai toan 1a
trang thai cua cac khoa dién trén LDPP, do do6 viéc nghién ctru phuong phap ma
hoa cac bién diéu khién nay khi str dung cac thuat toan t6i wu tong quat c6 ¥ nghia
quan trong trong viéc phat huy hiu qua cua cac thudt toan. Ngoai ra, bén canh
bai toan tai cau hinh giam ton that cong suat, bai toan tai cau hinh c6 thé anh
hudng dén cac thong s6 ki thuat khac ctia ludidién. Vi vay, luan an sé tap trung
xay dung phuong phap giai hai bai toan trén.

Su xuat hién cua DG trén LDPP c¢6 anh hudng dén két qua bai toan tai ciu
hinh. Vi vdy, ludn 4n ciing tap trung xay dung phuong phap tai cau hinh két hop
v6i o1 vu vi tri va cong sudt ctia DG. Thong qua d6 danh gia duoc anh hudng
ctia DG dén bai toén tai cau hinh.

Tt bai toan tai cau hinh giam ton thit cong suat von 1a md dun chinh ctia bai
toan tai cdu hinh, luan 4n xdy dung phuong phép tai ciu hinh LDPP c6 lap dit
DG giam ton that ning luong vi ddy 1a bai toan thuc té trong qua trinh van hanh
LDPP.



Chuong 3
TAI CAU HINH LPPP SU DUNG CAC GIAI THUAT TIM
KIEM TOI UU

3.1. Giéi thi€u

Trong chuwong nay PP giai bai toan tai cu hinh LDPP duya trén céc thut toan
heuristic tong quat CSA va RRA dugc sir dung dé giai bai toan tai cau hinh LDPP
giam ton thit cong sudt tac dung va bai todn tai cau hinh LDPP da muc tiéu.
3.2. Tai cAu hinh LDPP giam ton that cong suat
3.2.1. M0 hinh bai toan

2 2
AP = YNPT R, x (Pi V*_fl‘) (3.1)

3.2.1.1. Piéu kién rang budc
Phan bo cong suat:

{P] = legbuSVijijCOS((gj - 61{ — ij) (3 2)
Qj = IR ViV Yysin(8; — & — Ox)
Gidi han dién ap cac nut va dong dién trén cac nhanh:
Viminep < Vi < Vinaxep v01j = 1,2,..., Nbus (3.3)
0<1I <Ihngxcpi v0ii = 1,2,.., Nbr (3.4)

Cau hinh luéi hinh tia.
3.2.2. Phwong phap giai bai toan
3.2.2.1. Ap dung thuit toan CSA giai bai toan tai cAu hinh LDPP

PP gidi han khong gian tim kiém ctia cac khéa dién duoc dé xuat st dung
cac vong co so chira cac khoa di¢én trong mot vong kin nhu Hinh 3.1.

Ngd vao: Ma tran két ni A cho cdu hinh Iuéi dién ban dau, cac khdéa mo ban dau.
Ngo ra: Cac vong co s6
For (k: =1 to So luong cac khoa dién mo) do

Thém khoa mo k vao ma trin A

Sum_column:= tong tri tuyét déi méi phan tir trong moi cét trong ma trgn A.

While (Sum_column jth =1, j=1... N) do

For (i=1 to S6 heong cdc nhanh) do

If A(i, j) =1 or -1 then

Xoa nhanh khoi ma tran A

End if

End for i

Cdp nhdt tong tri tuyét déi moi phan tir trong moi cét trong ma tran A.

End while

Luu cdac nhanh con lai cua A vao vong co so FL thir k
End for k

Hinh 3. 1. PP xac dinh cac nhanh trong cac vong co sd.




Input: Mdi cau hinh ludi vi mot tap cac khoa dién mo

Output: C4u hinh ludi 1a hinh tia hay khong

Xac dinh ma trén két néi A bao g5m ca cac khéa mé ban dau.

Xéa cot thir nhdt cia ma trgn A.

Xoéa hang ciia ma tran A twong vmg véi cdc khéa mé trong cau hinh dang xét
If (ma trda A la mot ma tran vuong)

Tinh dinh thuc cua ma tran A

If (Dinh thirc cia ma tran A = 1 or -1)

Else

End if
Else

End if

Output: = Céu hinh hedi théa man rang budc hinh tia

Output: = Cdu hinh lu6i khéng théa man rang budc hinh tia

Output: = Cdu hinh hedi khéng théa mdn rang budc hinh tia

Hinh 3. 2. PP kiém tra cAu hinh ludi hinh tia.
PP kiém tra di¢u kién rang budc hinh tia cia LDPP dugc trinh bay nhu Hinh

3.2. PP tai cdu hinh LDPP str dung thuit todan CSA dugc trinh bay trong Hinh

3.3.



Xac dinh cac vong co sé chira cac khoda dién
Xac dinh gi¢i han tim kiém cac khoa dién
by + Y
Kh&i tao quan thé N t6 chim ban dau
X; = round [SWhing + rand(SWmax,d - SWhin,a)]

v

Tinh ham muyc tiéu: Kiém tra cau tric hinh tia; Giai bai toan phan
bd cbng suat; Tinh gia tri ham thich nghi cho maéi to X;; Tim
Xbest,i = Xi, tim Gbest,

v

Dat Iter = 1 va chon Py, Iteryay

!

Tao ra gidi phap mai bang phép di chuyén Lévy
Xinew = round [Xpest; + a X rand X AX; new]

v

Tinh ham muc tiéu: Kiém tra cAu truc hinh tia; Giai bai toan phan
bd cdng suét; Tinh gia tri ham thich nghi cho méi té Xi; Tim
Xbest,i = Xi, tim Gbest,

v

Tao ra giadi phap mé&i bang phép phat hién trirng la
Xinew = round [xbest,i + KX Axi,new]

v

Tinh ham muc tiéu: Kiém tra cu truc hinh tia; Giai bai toan phan
bd cong suét;Tinh gia tri ham thich nghi cho méi t& X;; Tim
Xbest,i = Xi, tim Gbest,

v

Iter = Iter + 1

Sai

Iter > Itermax

bung

Xuét két qua Gbest (CAu hinh c6 tdn that nhé nhét)

v
( Két thiic )

Hinh 3. 3. Luu do PP ti cAu hinh dya trén thuit toan CSA.




3.2.3. Vi du kiém tra

Trong phan ndy CSA dugc ap dung trén LDPP 33, 69 va 119 nat. Két qua
duoc so sanh vai CGA [2], PSO, PSS/ADEPT va mot sb nghién ctru khéc.
3.2.3.1. Lwoi dién IEEE 33 nut

Két qua thuc hién CSA, PSO va CGA trén lugi dién 33 nat (Hinh 3. 4) dugc
trinh bay trong Bang 3.1. Sau khi thuc hi¢n tai cau hinh, ton thit cong suat giam
tir 202.69 kW xudng 139.55 kW va bién d6 dién ap nho nhat trén hé thong da
tang tir 0.91081 p.u. dén 0.9378 p.u. Hinh 3.5 cho thay hau hét bién do dién ap
cac nut duogc cai thién dang ké so v&i trude khi thuc hién tai ciu hinh. Hinh 3.6
cho thay sau khi thuc hién tai ciu hinh, khong c6 nhanh nao bi qua tai.

Bang 3. 1. Két qua thuc hién trén LDPP 33 n(t.

PP Khéa mo AP (KW) | Vmin (p.u.) (ntt)
Ban dau 33, 34, 35, 36, 37 | 202.69 0.9108 (18)
CSA 7,9,14,32,37 | 139.55 0.9378 (32)
PSO 7,9,14,32,37 | 139.55 0.9378 (32)
CGA 7,9,14,32,37 | 139.55 0.9378 (32)
FWA [3] 7.9,14,28,32 | 139.98 0.9412 (32)
GA [4] 7,9,14,32,37 | 139.55 0.9378 (32)
RGA [5] 7,9,14,32,37 | 139.55 0.9378 (32)
ITS [4] 7,9, 14, 36,37 | 142.17 0.9336 (33)
HSA [4] 7,10, 14, 28,36 | 142.43 0.9377 (33)
IAICA [6] 7.9,14,32,37 | 139.55 0.9378 (32)
PSS/IADEPT | 7,9, 14,32,37 | 139.55 0.9378 (32)

Bang 3.2 cho thiy ca ba PP déu tim dugc cdu hinh c6 ton thit cong sut nhod
nhat. Gia tri trung binh ctia CSA va CGA nho hon so v6i PSO. S6 vong 1ap trung
binh ctia CSA va thoi gian thuc hién dugc so sanh twong d6i 13 16n hon dang ké
s0 vi PSO va CGA. Hinh 3.7 cho thiy dic tinh hoi ty trung binh ctia CSA tot
hon han so véi PSO.

23 24 2 N
"""""""""""" 0.99 \
0.98 ﬁ\
AN
---------------------------- 097 B
5:-095 *\vjﬂ— :
I R
! 9 10 11 12 13 1 51516 17 518 5094 u‘u ! \\g /7
0.93 § g i a
0.92 “E“'-u.u_ .n'ﬂ-ﬂ-u
: 091 5 10 15 == 20 25 30 33
19 v20v21 3 Nit
Hinh 3. 4. LDPP IEEE 33 nt. Hinh 3. 5. Bién ap cac nut trudce va

sau tai cAu hinh trén LDPP 33 nit.
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Hinh 3. 7. Dac tinh hoi tu ctia CSA,

PSO va CGA trén LBPP 33 nut.

chay.
Ham thich nghi \Vong lap hoi tu Thoi
PP ian
Max. | Min. | Mean | STD | Max. | Min. Mnea STD g(s)
CSA 140.77| 140.77| 140.77 0 142 12 9| 35.3| 39.3
PSO 162.1| 140.77| 149.97| 4.34 53 1 23| 16.9| 12.8
CGA | 140.77| 140.77| 140.77 0 134 16 47| 240| 16.4

3.2.3.2. Luwéi di¢n IEEE 69 nut ‘ ‘
Bang 3.3 cho thay CSA va CGA gan twong ty nhau vé gia tri trung binh sau
50 lan thuc hién doc 1ap, trong khi CSA t6t hon han PSO.

Bang 3. 3. Két qua so sanh CSA, PSO va CGA trén ludi 69 nit trong 50 1an

chay.
PP Ham thich nghi Vong lap hoitu Thoi
lan
Max. | Min. | Mean | STD | Max. | Min. Mnea STD g(s)
CSA 08.83|98.64| 98.65|0.043| 199 58| 140.2 | 46.15| 78.85
PSO 132.04 | 98.64 | 117.65| 12.41| 143 4| 44.8]| 33.28 | 21.85
CGA 08.64| 98.64| 98.64 0 87 22| 48.35| 19.31| 27.36

3.2.3.3. Luwo¢i dién IEEE 119 nuat

Két qua tai cau hinh sir dung ba PP dugc trinh bay trong Bang 3.4. Sau khi
thue hién tai cdu hinh ton thit cong suat giam tir 1,273.45 kW xudng 855.04 KW.
Bién d6 dién ap cac nat dugc cai thién dang ké sau khi thyc hién tai cAu hinh
(Hinh 3.8).

200



Bang 3.5cho théy, CSA hoi tu cham hon PSO va CGA nhung giai phap thu
duoc 1a giai phap t01 wu nhat. Piéu ndy cang dugc thé hién rd trong Hinh 3.9 véi
cac duong dic tuyén hoi tu trung binh cua ba PP. Vé mit thoi gian tinh toan twong
d6i, do phai tinh todn ham thich nghi hai 1an so v&i PSO va CGA trong mdt vong
13p nén thoi gian tinh toan ctia CSA 16n hon nhiéu so véi PSO va CGA.

Bang 3. 4. Két qua thyc hién trén luéi phan phdi 119 nat.

PP Khoa mo AP (kW) | Vmin (p.u.) (nut)

118, 119, 120, 121, 122, 123, 124,
Ban dau 125, 126, 127, 128, 129, 130, 131, | 1273.45 0.8678 (77)
132

42, 25, 23, 121, 50, 58, 39, 95, 71, 74,
CSA 07 129 130, 109, 34 855.04 |  0.9298 (111)

26,11, 22 121, 50, 58, 8, 95, 72, 127,
PSO 128 82, 130 100, 132 973.98 0.9296 (111)

42, 25, 23 121, 50, 58, 39, 95, 70, 73,
CGA 128 129 130 109, 34 867.01 0.9298 (111)

42,26, 23,51, 122, 58, 39, 95, 71, 74,
ITS [7] 67 129, 130, 109, 34 867.4 0.9298 (111)

42,26, 23,51, 122, 58, 39, 95, 71, 74,
MTS [8] 67 129, 130, 109, 34 867.4 0.9298 (111)

42,25, 23,121, 50, 58, 39, 95, 71, 74,
FWAT | 97 129, 130, 109, 34 855.04 | 0.9298 (111)

PSS/ADEPT | 23, 25, 34, 39, 42, 50, 61, 71, 73, 76, | 881.40 0.9296 (111)
82, 109, 121, 125, 130

Bang 3. 5. Két qua thyc hién trén ludi phan phéi 119 nat trong 20 1an chay.
Ham thich nghi Vong lap hoitu Thoi
PP _ . gian
Max. | Min. | Mean | STD | Max. | Min. | Mean | STD (s)
CSA 904.02 | 875.29 | 880.76 | 9.28 | 1745 | 519 | 1077 |289 | 7122
PSO 1508 |994.39 | 1128.2 | 215.4 | 863 | 315 | 621 204 | 649

CGA 899.79 | 887.26 | 894.87 |46 | 1650 | 381 | 10/5 |512 | 3057

10
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Hinh 3. 8. Bién ap cac nut trén Hinh 3. 9. Bac tinh hdi tu cia CSA,

LDPP 119 niit trudc va sau tai cdu PSO va CGA trén LDPP 119 nut.
hinh.

3.3. Tai cAu hinh LDPP da muc tiéu
3.3.1. M6 hinh bai toan

Muc tiéu duoc xem xét bao gdm cuc tiéu ton that cong suat tac dung, s lan
van hanh khoa va do léch dién &p céc ndt, cai thién su can bang tai giira cac
nhanh, giira cac xuat tuyén.

P?+Q}
Poss = ZivszRl X ( V2 ) (31)

i

LBI=varl b e L b l (3.5)

It max ’ Iz,max, Ii,max’ Y INbrmax
LBF = vaT[IF,l,IFlz,...IF’]',...,IF,NF] (36)
NSW = X127 [So; = i (3.7)
AV = Vrgf - Vmin(X) (38)
PP max-min dugc su dung dé chon giai phap thoa hiép (FCS) [9], [10], [11].
Mbi ham thanh vién duoc thé hién nhu sau:

(1, F, < Fmin

B Q) " pmin o < pmax (3.9)

Flznax _Flznin )
0, F,(X) = Fnax

Trong do, gia tri cua Fy ,;,, duoc tinh toan tir bai toan tai cau hinh s dung
ting ham don muyc tiéu k™. Gid tri Fy pq, dugc tinh toan dya trén cau hinh ludi
ban dau.

MFk -

Muc d6 hai hoa chung gitra cac ham thanh vién dugc Xac dinh nhu sau:
FCS(X) = max{min{MF, (X)}} (3.10)
Hay
FCS(X) = 1 — min{MF, (X)} (3.11)
Céc diéu kién rang buoc: can bang cong suat, gigi han dién ap cac nut va

11



dong dién trén cac nhanh, cdu hinh ludi hinh tia cua LDPP.
3.3.2. Phwong phap gidi bai toan q ,

Trong phan nay RRA dugc sir dung d€ giai bai toan tai cdu hinh da myc tiéu.
Luu do6 cac budce thuc hién dugc trinh bay ¢ Hinh 3.10.

~ - Nhap thong s6 LBPP
- Lwa chon thdng s6 RRA: Nyp, dim, tol, Stallmay, Arunners Aroots it€Fmax

Budc 1

Buoc 2
- Khéi tao ngAu nhién quan thé cay me
- Bat vong Ié‘p i=1
- Chon gia tri ban dau Fbest, I&n

Tao ra cac cay con tr cay me

Danh gia ham thich nghi ctia cac cay con bang phwong phap max-min

[ Tim cay con 5t nhat (Xeaugnersest () |

h 4
- Tinh gia tri h?m thich nghi ctia cay con tbt nhat tai hai vong 1ap (i-th) va ((i-1)-th). Luu y,
tai vong lap dau @ién f(Xdaughter,best (i-1)) = Fbestg

- Tinh toan chi so céi thién gia tri thich nghi gitra hai vong lap RI

Sai

RI < tol
buang

Tao ra dim cay méi st dung bwéc nhay Ién tiy thi tuc tim kiém cuc bod
Tao ra dim cay méi st dung buwéc nhay nhé tir tha tuc tim kiém cuc bo

'

Danh gia ham thich nghi clia cac cay con mai

'

- Tim cay tét nhét trong céc cay con vira dwoc danh gia
- Cép nhat cay con tot nhat Xgaugnter,best (i)

Cap nhat lai hé s6 RI

H Sai

bung X
[Count=Count+1] [Count=0]

Count > Stallpax

Sai

i > itermay

bang

| Két qua: cay con t6t nhat (cAu hinh LDPP c6 ham muc tiéu tét nhat) |

Hinh 3. 10. So do cac budc tai cau hinh LDPP sir dung RRA.
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3.3.3.Keét qué tinh toan
RRA duogc kiém tra trén hai LDPP 33 va 70 nut.

3.3.3.1. LDPP 33 nut

Bang 3.6 & TH 5, RRA thu dugc cau hinh c6 ton that cong suat cao hon tir
0.64 kW dén 5.5 KW so vai cau hinh thu duoc tir cac PP MOIWO [9], HBB-BC
[12], HPSO [13] vd DPSO-HBMO [14] nhung RRA chi mét 4 1an chuyén khoa
so voi tir 6-10 1an chuyén khéa khi thuc hién bang cac PP trén. Hinh 3.11 cho
thay dién ap tat ca cac nit da duoc cai thién sau khi tdi cau hinh. Hinh 3.12 cho
thay khéng c6 nhanh ndo vi pham rang budc vé dong dién.

Bang 3.7 cho thiy RRA t6t hon CGA va CSA ¢ gia tri vong 1ap hoi tu. Ve
thoi gian tinh todn, RRA cham hon CGA va nhanh hon CSA, nhung thoi gian
tinh toan trén dugc tinh cho 150 vong lap trong khi 6 RRA hoi tu s6m hon CGA
va CSA. Hinh 3.13 va Hinh 3.14 cho thay cac duong dic tinh trung binh cua RRA
trong hai TH ludn thip hon CGA va CSA.

Bang 3. 6. Két qua so sanh RRA véi cac PP khac trén LDPP 33 nut.

AP Vmin Max
PP Khéa mo @ oy |8 | et | NSW
TH 1: Haim don muc tiéu cyc tiéu ton that cong suat
RRA 7,14, 9, 32, 37 | 139.55 | 0.9378 | 0.0279 | 0.8123 |8
HBB-BC [12] 7,14, 9, 32, 37 | 139.55 | 0.9378 | 0.0279 | 0.8123 |8
Fuzzy-SFL[15] 7,9, 14, 28, 32 | 139.98 | 0.9412 | 0.0308 | 0.8126 | 10
MOIWO [9] 7,14, 9, 32, 37 | 139.55 | 0.9378 | 0.0279 | 0.8123 |8
HSA [16] 7,14, 9, 32, 37 | 139.55 | 0.9378 | 0.0279 | 0.8123 |8
FWA [3] 7,14, 9, 32, 28 | 139.98 | 0.9412 | 0.0308 | 0.8126 | 10
PSO [17] 7,9, 14, 32, 37 | 139.55 | 0.9378 | 0.0279 | 0.8123 |8
ACO [18] 7,9, 14, 28, 32 | 139.98 | 0.9412 | 0.0308 | 0.8126 | 10
TH 5: Ham da muc tiéu
RRA 6, 34, 11, 36, 37 | 145.05 | 0.9373 | 0.0271 | 0.8138 |4
HBB-BC [12] 7,9, 14, 28, 32 | 139.98 | 0.9412 | 0.0308 | 0.8126 | 10
Fuzzy-SFL[15] 6, 8, 12, 36, 37 | 151.51 | 0.9318 | 0.0259 | 0.8153 |6
MOIWO [9] 6,11, 32, 34, 37 | 144.41 | 0.9357 | 0.0262 | 0.8138 |6
HPSO [13] 7,9, 14, 32, 37 | 139.55 | 0.9378 | 0.0279 | 0.8123 |8
DPSO-HBMOJ[14] 7,9, 14, 32, 37 | 139.55 | 0.9378 | 0.0279 | 0.8123 |8
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Hinh 3. 13. Bac tinh hdi tu cua RRA,
CGA va CSA trén LDPP 33 nat trong
TH 1 sau 50 lan chay.

TH 5 (Pa muc tiéu)
TH 3 (LBI)

TH 2 (1-Vmin)

TH 1 (Ploss)

Hinh 3. 12. Hé s6 mang tai trén cc
nhanh trong cac TH trén LDPP 33 nut.

=—Dic tuy€n hdi tu trung binh ctia CGA
=—Pic tuy€n hoi tu trung binh clia CSA
=—Dic tuy€n hdi ty trung binh cla RRA
==**Djc tuy&n hdi tu nhd nhat cia RRA
=**=Dic tuy€n hdi tu nhd nhat cia CGA
0.3

==**DPjc tuy&n hdi tu nhé nhat claCSA

Gid tri ham thich nghi
o
©

I
100

L
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So vong lap

150

Hinh 3. 14. Bac tinh hdi tu cua RRA,
CGA va CSA trén LDPP 33 nit trong
TH 5 sau 50 lan chay.

Bang 3. 7. Két qua RRA v&i CGA va CSA trén LDPP 33 nat.

PP Khéa mo

Ham thich nghi

Vong lap hoi

tu Thoi

Max. | Min.

gian

Mea (s)

n

Mean |STD STD

TH 1: Ham don muc tiéu

giam tbn that cong suat

RRA | 7,14,9,32, 37 |139.55

139.55

8.6e-

139.55
14

38.10 | 21.34 | 48.17

CGA |7,14,9,32,37 |146.19

139.55

139.78 | 1.2121 | 54.63 | 29.86 | 39.26

CSA |7,14,9,32,37 |140.28

139.55

139.58 | 0.1328 | 83.63 | 34.25 | 72.58

TH 5: Ham da muc tiéu

RRA | 6, 34, 11, 36, 37 | 0.3551 | 0.25

0.2654 | 0.0247 | 42.1 | 37.10 | 58.00

CGA | 6, 34, 11, 36, 37 | 0.4496 | 0.25

0.2797 | 0.0482 | 46.0 |42.16 | 41.51

CSA 0.2726 [ 0.25

6, 34, 11, 36, 37

0.2508 | 0.0041 | 62.6 |33.17| 75.17
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3.3.3.2. LPPP 70 nut

Bang 3.8, cho thay ton that cong suat thu duoc tir RRA tot hon két qua thu
duoc tir cac PP SAPSO [19], MSFLA [19] va SAPSO-MSFLA [19]. Ton that
cong suat thu duoc tir cac PP trén 1a 202.26 kW cao hon 0.85 kW so véi két qua
tr RRA. Trong TH 5, ton that cong suat 1a 208.31 kW cao hon so véi TH 1
(201.41 kW), nhung chi s6 LBF va s6 lan chuyén khoa NSW di dugc cai thién
dang ké so v6i TH 1. So véi FMA [20], HPSO [13] va DPSO-HBMO [14], ton
that cong suat thu duoc tir RRA ¢6 cao hon 3.2396 kW, nhung RRA chi mat c6

6 lan van hanh khda so vai 12 l1an van hanh khoa khi st dung cac PP trén.
Bang 3. 8. Két qua so sanh RRA véi cac PP khac trén LDPP 70 nut.

AP Vmin MaX .
PP kW) | (p.u) LBI (I/Irate) LBF | LBF; NSW
TH 1: Ham don muc tiéu cyc tieu ton that cdng suat
[1.2007, 1.4977,
RRA 201.41 | 0.9311 | 0.0063 | 0.2989 | 0.0230 15377, 1.4512] 10
[1.2863, 1.4977,
SAPSO [19] |202.26 | 0.9316 | 0.0062 | 0.2911 | 0.0090 1.4735, 1.4308] 8
SAPSO- [1.2863, 1.4977,
MSFLA [19] 202.26 | 0.9316 | 0.0062 | 0.2911 | 0.0090 1.4735, 1.4308] 8
[1.2863, 1.4977,
MSFLA [19] |202.26 | 0.9316 | 0.0062 | 0.2911 | 0.0090 1.4735, 1.4308] 8
RRA Khoa mé: 51, 70, 13, 66, 30, 45, 75, 76, 77, 78, 79
SAPSO Khoéa ma: 66, 79, 77, 51, 30, 70, 46, 75, 78, 76, 71
SAPSO- £ e
MSELA Khba mé: 66, 79, 77, 51, 30, 70, 46, 75, 78, 76, 71
MSFLA Khoa ma: 66, 79, 77, 51, 30, 70, 46, 75, 78, 76, 71
TH 5: Ham da muc tiéu
[1.2807, 1.4449,
RRA 208.31 | 0.9283 | 0.0064 | 0.2929 | 0.0098 1.4625, 1.5069] 6
[1.2871, 1.4471,
FMA [20] 205.07 | 0.9273 | 0.0066 | 0.2890 | 0.0085 1.4733, 1.4865] 12
[1.2871, 1.4471,
HPSO [13] 205.07 | 0.9273 | 0.0066 | 0.2890 | 0.0085 1.4733, 1.4865] 12
DPSO- [1.2871, 1.4471,
HBMO [14] 205.07 | 0.9273 | 0.0066 | 0.2890 | 0.0085 1.4733, 1.4865] 12
RRA Khéa mé: 69, 37, 71, 67, 73, 45, 75, 76 77,78, 79
FMA Khoéa ma: 14, 79, 71, 39, 51, 28, 73, 67, 46, 76, 70
HPSO Khoéa ma: 14, 79, 71, 39, 51, 28, 73, 67, 46, 76, 70
DPSO- f
HBMO Khoéa ma: 14, 79, 71, 39, 51, 28, 73, 67, 46, 76, 70
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Hinh 3. 16. Hé s6 mang tai trén cac

nhanh trong cac TH trén LDPP 70

nut.

Bién do dién ap cac nat trong hé théng khi st dung cac TH khac nhau & Hinh
3.15 cho thy dién ap cac nat duoc cai thién dang ké khi sirdung cac TH 1, 2 va
5. Hé s6 mang tai cua cac nhanh trong hé théng (Hinh 3.16) sau khi thuc hién tai
cau hinh ciing duoc cai thién so véi TH ban dau.

Bang 3. 9. K&t qua RRA v&i CGA va CSA trén LDPP 70 niit véi 200 vong 1p.

Ham thich nghi \Vong lap hoitu e
PP Max. [Min. |Mean [STD |Mean [STD | ' 0'9@n )
TH 1: Hdm don muc tiéu giam ton that cong suat
RRA 211.35 | 201.41 | 205.29 | 2.498 83.0 56.63 272.83
CGA 500 201.41 | 213.95 | 54.065 | 168.0 41.37 97.13
CSA 500 205.03 | 288.35 | 123.793 | 143.27 | 82.53 58.74
RRA Khoa ma: 51, 70, 13, 66, 30, 45, 75, 76, 77, 78, 79
CGA Khda mo: 51, 70, 13, 66, 30, 45, 75, 76, 77, 78, 79
CSA Khéa ma: 51, 70, 71, 66, 73, 46, 75, 76, 77, 78, 79
TH 5: Ham da muc tiéu
RRA 1 0.2818 | 0.4391 | 0.176 30.27 29.42 267.64
CGA 10 0.3 0.8010 | 1.755 130.67 | 56.01 88.01
CSA 10 0.3626 | 2.9875 | 3.939 101.23 | 77.28 43.80
RRA Khoa mé: 69, 37, 71, 67, 73, 45, 75, 76, 77, 78, 79
CGA Khoéa m¢: 51, 70, 71, 66, 30, 74, 75, 76, 77, 78, 79
CSA Khoéa mé: 69, 37, 71, 67, 73, 74, 75, 76, 77, 78, 79

Bang 3.9 cho thay, RRA c¢6 uu diém vuot troi so vai CGA va CSA. RRA c¢6
thé tim duoc cau hinh tdi uu trong ca hai TH trong khi d6 CGA chi tim dugc cau
hinh t6i wu trong TH 1 va CSA d3 khong tim duoc két qua toi wu sau 200 vong
lap. Gia tri trung binh ctia ham thich nghi thu duoc tir RRA thip hon nhiéu so véi
CGA va CSA. RRA hoi ty rat nhanh vai kha ning tim kiém giai phap téi wu toan
cuc khi giai bai toan tai cau hinh véi sé vong 1ap nho hon CGA va CSA. Hinh
3.17 va 3.18 cho thiy duong dic tinh trung binh ctia RRA rat gan véi duong dic
tinh hoi tu nho nhat.
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===+ Dic tuyé&n hdi tu nhd nhit cia CGA Eﬁ
*===Pjc tuyén hoi tu nhé nhat cha RRA 2 gl
210 \ | ; m
205 = ]
200 hemmmme e ] o - S
f0 190 2Q 20
¥ y B ¥ g “
60 80 100 120 140 160 180 200 0 ,‘ N I | 1
S(A)'V(‘)ng lfip 0 20 40 60 80 § 100 120 140 160 180 200
S0 vong lap

Hinh 3. 17. Bac tinh hoi tu trén LDPP Hinh 3. 18. Bac tinh hoi tu trén
70 nut trong TH 1 trong 200 vong l1ap  LDPP 70 nit trong TH 5 trong 200
vong lap
Bang 3. 10. Két qua RRA vdi CGA va CSA trén LDPP 70 nat véi 1000 vong
lap.

Ham thich nghi \Vong lap hoitu
Max. |Min. |[Mean |STD |Mean |[STD

PP Thot gian (s)

TH 1: Ham don muc tiéu giam ton that cong suat

RRA 210.741201.41 | 204.85| 2.1823 | 85.47 | 62.91 | 1468.43

CGA 206.83 | 201.41 | 202.82 | 1.7606 | 462.73 | 252.28 | 576.44

CSA 205.94 | 201.41 | 203.68 | 1.3114 | 575 187.70 | 1120.99

RRA Khoa mé: 51, 70, 13, 66, 30, 45, 75, 76, 77, 78, 79
CGA Khda mé: 51, 70, 13, 66, 30, 45, 75, 76, 77, 78, 79
CSA Khda mé: 51, 70, 13, 66, 30, 45, 75, 76, 77, 78, 79

TH 5: Ham da muc tiéu

RRA 0.5229 | 0.2818 | 0.3810 | 0.0789 | 170.4 | 277.14 | 1251.76

CGA 0.4484 | 0.2818 | 0.3118 | 0.0545 | 439.03 | 243.54 | 607.58

CSA 0.3174 | 0.2818 | 0.2952 | 0.0166 | 545.13 | 209.73 | 1080.46

RRA Khoéa mé: 69, 37, 71, 67, 73, 45, 75, 76, 77, 78, 79

CGA Khoa mo: 69, 37, 71, 67, 73, 45, 75, 76, 77, 78, 79

CSA Khoa mo: 69, 37, 71, 67, 73, 45, 75, 76, 77, 78, 79

500

10

=—Dic tuy&n hoi tu trung binh cla CGA =——Dic tuy&n hdi ty trung binh ciia CSA

0i tu trung binh cia CGA

=—Dic tuyén hdi tu trung binh ctia CSA =—Dic tuyén

h
hy
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Hinh 3. 19. Bac tinh hoi tu trén LDPP Hinh 3. 20. Bac tinh hoi tu trén
70 nat trong TH 1 trong 1000 vong ~ LDPP 70 nat trong TH 5 trong 1000
lap vong lap
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Hinh 3.19, Hinh 3.20 va Bang 3.10 cho thiy, mic du ca ba PP déu tim duoc
cau hinh t6i uu khi s6 vong 1ap 1on nhat bang 1000, gia trj trung binh va thoi gian
tinh toan ctia RRA cao hon so vdi CGA va CSA. Tuy nhién, RRA hoi tu nhanh
hon CGA va CSA.

3.4. Nhan xét va két ludn

PP mi hoa cac bién: thé hién théng tin cic khoa dién md bang cac s6 nguyén
s€ gitip bai toan tr¢ nén don gian

Xac dinh khong gian tim kiém ctia cac bién: thong qua viéc xac dinh cac
vong co so dua trén ma tran két ndéi (nhanh x ndt). Sau d6, ma tran dugc cap nhat
dé tiép tuc str dung trong PP kiém tra cAu hinh ludi hinh tia d3 gitip ning cao hiéu
qua tinh toan cua PP.

CSA 1a mot thuit todn manh trong giai bai toan tai cAu hinh tir céc LDPP
nho dén 16n. Sy chénh 1éch giita cac gia tri 1on nhit, nho nhét va trung binh cua
ham thich nghi 1a rat nho, diéu nay cho thiy su 6n dinh cia CSA. Tuy nhién, do
trong mot vong 1dp CSA thudng phai danh gia ham thich nghi hai lan nén thoi
gian thuc hién tinh toan thuong 16n hon so véi cac PSO va CGA.

RRA d3 dugc &p dung thanh cong dé giai bai todn tai cau hinh da muc tiéu.
Két qua tinh toan cho thady RRA c6 kha ning tim duoc cau hinh van hanh LDPP
véi s6 vong lap nhé hon nhiéu so voi CGA va CSA.
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. Chuong 4 , ,
TAI CAU HINH LPPP CO XET PEN MAY PHAT PIEN
PHAN TAN

4.1. Gioi thiéu

Trong chuong ndy, anh hudng ctia vi tri va cong suit DG dén bai toan tai
c4u hinh duoc danh gia thong qua giai bai toan tai cau hinh két hop véi toi wu vi
tri va cong suit DG.

PP tai cAu hinh ¢ xét dén phu tai va cong suat DG thay doi dugc dé xuat.
4.2. Anh hwéng ciia DG dén bai toan tai cAu hinh LDPP
4.2.1. M0 hinh toan

Ham muc tiéu tai cdu hinh co6 xét dén tdi wu vi tri va cong suit DG:

minimize F = APE_ . + AVSI (4.1)
Trong do6:
PrOeScS
APllgss - Plo (4-2)
AVSI = max (1) v ] =2, .., Ny (4.3)
VSIj= V1" — 4(PR + QX)V;-1* — 4(P X — Q,R) (4.3)
Diéu klen rang buoc vé gi61 han cong sudt ctia cac DG can duoc thoa man:
0 S PDGL S PDGmax,u | = 1, 2,.., NDG (45)

Ngoai ra, cac rang budc cua bai toan tai cau hinh nhu rang budc vé dién ap,
dong dién va cau trc hinh tia can dugc thoa man.
4.2.2.Tai cau hinh LPPP ¢6 xét dén DG sir dung thuat toan CSA
Vector gidi phap dugc ma hoa nhu sau:
= [Tie}, ...,Tieky, Lo.DG}, ..., Lo.DG}, Size. DG}, ...,Size. DG},|  (4.6)
Trong giai doan khéi tao cua thuat todn, vector giai phap i dugc khéi tao:

Tiel = round [Tieliower d1l + rand X (Tieziipper,dl - Tieliower,dl)] (4-7)
Lo. DG = round [Lolower dz2 +rand X (Loupper d2 Lollower,dz)] (48)
Size.DG; = [Slzelower,d3 + rand X (Slzeupper,dg Sizellower,dS)] (4.9)

Céc bude thyc hién ciia CSA tuong ty nhu bai toan tai cdu hinh giam ton
that cong suét sir dung.
4.2.3. Két qua tinh toan

Pé phan tich anh hudng ciia vi tri va cong suat DG dén bai toan tai cau hinh,
PP tai cau hinh LDPP c¢6 xét dén DG sir dung thudt toan CSA duoc ap dung trén
ba LDPP 33, 69 va 119 nit. Trong qua trinh m6 phong, bay TH duoc phén tich
va 80 sanh két qua bao gobm: TH 1: Cau hinh ludi ban dau; TH2: He théng duoc
tai cAu hinh; TH 3: Vi tri va cong sudt DG duoc tdi vu trén cAu hinh ludi ban dau;
TH 4: Vi tri va cong sudt DG duoc toi wu trén cdu hinh di dugc t6i vu ¢ TH 2;
TH 5: H¢ théng duoc tai ciu hinh sau khi lép dat DG 6 TH 3; TH 6: Hé théng
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duoc tai cauhinh két hop vai toi wu cong phat DG (Vi tri DG dugc xac dinh trudc
dira trén chi s6 VSI trén cAu hinh ban dau) va TH 7: Hé théng dugc tai cau hinh
két hop véi toi wu vi tri va cong suat DG
4.2.3.1. LPPP 33 niit

Bang 4.1 cho thiy, ton that cong sudt da giam 30.93%, 63.26%, 71.0%,
68.93%, 68.58% va 73.75% so voi trong cau hinh ban dau khi st dung cac TH 2
dén TH 7. RS rang, mirc giam ton that cong suat thu dugc trong TH 7 13 16n nhét.
Diéu d6 cho thay vi tri dit DG ciing can duoc t6i wu dong thoi voi qua trinh tai
cau hinh va t6i uu dung luong cta DG.

Bang 4. 1. Két qua tinh toan trén LDPP 33 nit.

TH | Muc PP dé xut FWA [21] HSA [16]
TH1 |Khéa mo 33,34, 35,36, |- -
37
AP (kW) 202.68 - -
Vimin (p.U.) | 0.9108 - -
VSlmin 0.6978 - -
TH2 |Khéa mo 07,14,9,32, |7,14,9,32 28 7,14,9,32, 37
28
AP (kW) 139.98 139.98 138.06
AP (%) 30.93 30.93 31.88
Vimin (p-U.) | 0.9413 0.9413 0.9342
VSImin 07878 - -
TH3 | Khéa mo 33, 34,35, 36, |33, 34,35 36,37 |33, 34,3536, 37
37
Poc (MW) | 0.7798 (14) 0.5897 (14) 0.1070 (18)
(nat) 1.1251 (24) 0.1895 (18) 0.5724 (17)
1.3496 (30) 1.0146 (32) 1.0462 (33)
AP (kW) 74.26 88.68 96.76
AP (%) 63.26 56.24 52.26
Vimin (p.U.) | 0.9778 0.9680 0.9670
VS| min 0.9118 - -
TH4 | Khéa mo 7,14,9,32,28 [ 7,14,9,32, 28 7,14,9,32, 37
Poc (MW) | 1.7536 (29) 0.5996 (32) 0.2686 (32)
(nat) 0.5397 (12) 0.3141 (33) 0.1611 (31)
0.5045 (16) 0.1591 (18) 0.6612 (30)
AP (kW) 58.79 83.91 97.13
AP (%) 71.00 58.59 52.07
Viin (p.U.) | 0.9802 0.9612 0.9479
VSl min 0.9264 - -
TH5 |Khéa mo 33,9,8,36,27 | 7,34,9,32,28 -
Poc (MW) [ 0.7798 (14) 0.5897 (14) -
(nat) 1.1251 (24) 0.1895 (18)
1.3496 (30) 1.0146 (32)
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TH | Muc PP dé xuat FWA [21] HSA [16]
AP (kW) 62.98 68.28 -
AP (%) 68.93 66.31 -
Vmin (p-U) | 0.9826 0.9712 -
VSImin 09354 = =
TH6 | Khoamod 7,10, 13, 32, 7,14, 11, 32, 28 7, 14, 10, 32, 28
27
Poc (MW) | 0.4263 (32) 0.5367 (32) 0.5258 (32)
(nat) 1.2024 (29) 0.6158 (29) 0.5586 (31)
0.7127 (18) 0.5315 (18) 0.5840 (33)
AP (kW) 63.69 67.11 73.05
AP (%) 68.58 66.89 63.95
Vimin (p.U.) | 0.9786 0.9713 0.9700
VS| min 0.9202 - -
TH7 | Khéa mo 33,34, 11, 31, |- -
28
Poc (MW) | 0.8968 (18) - -
(nut) 1.4381 (25)
0.9646 (7)
AP (kW) 53.21 - -
AP (%) 73.75 - -
Vmin (p.U.) 0.9806 = =
VSImin 0.9318 = =
09 \ et \ /\\ [\ Besp e TH3
N Vs =
o LA 2 "
e I T e S o S SRS S
3 0 S A
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S& vong lip

Hinh 4. 1. So sanh chi s VSI cac Hinh 4. 2. Bac tinh hoi tu cua CSA
nut trong cac TH trén LDPP 33 nut. trong cac TH trén LDPP 33 nut.

Hinh 4.1 cho thiy, chi s6 VSI tai tit ca cac nut dd duoc cai thién dang ké sau
khi thyc hién tai cAu hinh va t6i wu vi tri va cong suat DG. Pac tinh hdi tu ciia
cac TH duoc cho ¢ Hinh 4.2 cho thdy gia tri ham thich nghi trong TH 7 nho nhat
so v&i1 cac TH con lai.
4.2.3.2. LDPP 69 nut

Tuong tw nhu LDPP 33 nut, két qua tinh toan trén LDPP 69 nit cho thiy ton
thit cong sudt da giam 56.16%, 67.79%, 83.45%, 81.71%, 82.0% va 83.54% khi
stt dungTH 2 dén TH 7. Trong cac TH thwe hién, ton that cong suit thu duoc tir
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TH 7 13 bé nhét va ciu hinh dién ap ciing dugc cai thién hon so vdi cac TH con
lai. Piéu nay cho thdy, vi tri va cong suat DG can dugc t6i vu dong thoi véi qua
trinh tai cau hinh.
4.2.3.3. LDPP 119 nut

Khi 1an luot st dung cac TH 2 dén TH 7, ttdn that cong suat da giam duoc
tuong ung voi 32.86%, 49.11%, 50.43%, 51.80%, 46.44% va 53.96%. Tuong tu,
bién d6 dién ap nut thip nhat da duogc cai thién tir 0.8678 p.u. dén 0.9298, 0.9515,
0.9526, 0.9608, 0.9298 va 0.9644 p.u. va VSI cling dugc cai thién dang ké tir
0.5676 dén 0.7535, 0.8199, 0.8208, 0.8523, 0.7535 va 0.87 khi sir dung 1an lugt
cac TH 2, 3, 4, 5, 6 va 7. Tuong tu nhu két qua thyc hién trén LDPP 33 va 69
nat, mic giam ton thit cong sudt va cdu hinh dién ap thu duoc tr TH 7 16n hon
so v6i TH 6. Piéu nay ching to rang, tai ciu hinh két hop véi t6i vu cong suat
DG (TH 6) khong thu duoc ton thit cong sut bé nhat va cdu hinh dién ap tot
nhat. Hinh 4.3 cho thy chi s6 VSI d3 duoc cai thién dang ké sau khi st dung PP
dé xuat. Piac tinh hoi tu trong cac TH thu duoc ¢ Hinh 4.4 cho thay gia tri thich
nghi trong TH 7 bé hon so so véi cac TH con lai. Piéu nay cho thdy hiéu qua cua
PP tai cAu hinh két hop vai t6i vu vi tri va cong suat DG dong thoi.
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Hinh 4. 3. So sénh chi s6 VSI cac nit  Hinh 4. 4. Djc tinh hoi tu cia CSA
trong cac TH trén LDPP 119 nut. trong cac TH trén LDPP 119 nut.
4.3. Tai cau hinh LDPP giam ton that niing hrong c6é xét dén may phat dién
phan tan
4.3.1. M0 hinh toan
Trong phan ndy, PP tai cdu hinh xac dinh cdu trac van hanh ludi khong d6i
trong thoi doan khao sat dé giam ton thit ning luong st dung cong sudt trung
binh cua phu tai va cia DG da dugc chirng minh.
Ham thich nghi ctia mdi cau hinh bao gdm ton that cong suit va gia tri phat
(B; va BB,) lién quan dén dién 4p nut va dong dién nhanh dugc mo ta nhu sau:

Fit = Zflb{R X (P +Ql> + ,81 Nbus[max(vrate] Vmaxf O) + maX(Vmin -

Vrate J? 0)] + B, Nbr lmax (% — 1, O)] (4.10)
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4.3.2. Két qua kiém tra

PP dé nghi duoc kiém tra trén LDPP 18 va 33 nat, 5 TH sau dugc xem xét:
TH 1: Cau hinh ban dau khi phy tai dinh mirc; TH 2: tai cu hinh st dung cong
suat phu tai tirng gid trong trong mot ngay khao sat khong xem xet dén DG (Str
dung d6 thi phuy tai); TH 3: tai cAuhinh st dung cong suat phuy tai trung binh trong
trong mot ngay khao satkhong xem xét dén DG; TH 4: tai cau hinh st dung cong
suat phu tai va cong suat DG ting gio trong trong mot ngay khao sat va TH 5: tai
cau hinh st dung cong suat phu tai va cong sudt DG trung binh trong trong mot
ngay khao sat.
4.3.2.1. LDPP 18 nut

Béng 4.2 cho thay két qua thu duoc & TH 2 bang v6i TH 3 va TH 4 bang voi
TH 5 ¢ khoa m& va ton that dién ning trong thdi doan khio sat. Ngoai ra trong
qué trinh tinh toan gid tri hAm muc tiéu ctia mdi cdu hinh xem xét, bai toan phin
bb cong suat chi can sir dung mot 1an so véi 24 1an khi str dung TH 2. Vi vay thoi
gian tinh toan ctia TH 3 nhanh hon nhiéu so v&i sir dung cong suit trong tirng
thoi diém nhu TH 2.

Bang 4. 2. Két qua tinh toan trén LDPP 18 nat trong cac TH khac nhau.

TH Khéa mé Ham thich ngéih\?;f;?g Ton that ning ,Thb’i gian
nghi dinh (kW) lwong (KWh) | tinh toan (s)
TH1 {18,119} |- 146.54 1514 -
TH?2 {17,118} |1417.2 139.98 1417.2 75.41
TH3 {17, 18} |53.8419 139.98 1417.2 4.05
TH 4 {17,118} |1325.1 139.98 1325.1 76.99
TH5 {17, 18} |49.95 139.98 1325.1 4.05

Trong trudng hop c6 két néi DG, mic du sir dung cong suat trung binh ciia
phu tai va DG, nhung TH 5 van xac dinh duoc cau hinh c6 ton that nang luong
nhé nhat nhu TH 4 va thoi gian tinh toan chi mat khoang 4s so v6i 77s trong TH
4.
4.3.2.2. LDPP 33 nut

Két qua so sanh gitta TH 2 va 3 va gitra TH 4 va 5 ¢ Bang 4.3 cho thdy c¢6
thé str dung cong suat trung binh ctia phu tai va cong suat phat trung binh cia DG
trong tho1 gian khao sat dé xéc dinh ciu hinh vén hanh lud1 i uu trong viéc giam
ton that nang luong. Nhu vay, PP dé xudt s& khong can yéu cau do thi phu tai va
cong sut phat tai mdi thoi diém cua DG trong thoi gian khao sat. Tai moi nat tai
vanut DG, chi can st dung cong suat trung binh dugc thu thap qua cac dién ning
ke.
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Bang 4. 3. Két qua tinh toan trén LDPP 33 n(t trong cac TH khac nhau.

Ton that

Trusng Ham c@ng su_ét To6n that _Thc‘yi

Khoa mo thich véi tai | nang luong | gian tinh
hop : : .
nghi dinh (kWh) toan (s)
(kW)
TH 1 {33, 34, 35, 36, 37} |- 202.69 1514.8 -

TH 2 {7, 14,9, 32, 28} 1048.3 | 139.98 1048.3 1141.97

TH 3 {7, 14,9, 32, 28} 32.51 |139.98 1048.3 63.45
TH 4 {7,10, 8, 14, 28} 757.17 | 174.10 757.17 1143.03

TH5 {7,10, 8, 14, 28} 20.44 | 174.10 757.17 60.37

Pién ap cac nat trong thoi gian khao sat sau khi tai cau hinh trong truong
hop ban dau, khdng xét DG va c6 xét dén DG trong Hinh 4.7 va Hinh 4.8 cho
thay dién 4p cac nit déu nam trong gidi han cho phép va di duoc cai thién déng
ké so v&i ban dau (Hinh 4.5).
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Hinh 4. 5. Dién ap cac nut trudc khi Hinh 4. 6. Hé s6 mang tai trén cac
tai cau hinh trong mot ngay dién hinh.  nhdnh trudc khi tai cau hinh trong
mot ngay di€n hinh.
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Hinh 4. 7. Dién ap cac nat sau khi t&i  Hinh 4. 8. Dién ap cac nit sau khi tai
ciu hinh khong xét d¢én DG. cau hinh c6 xét dén DG.
Hé s6 mang tai cia cdc nhanh trong hé thong sau khi tai cdu hinh trong
truong hop khong xét DG va c6 xét dén DG duoc cho trong Hinh 4.9 va Hinh
4.10. Hinh vé& cho thiy khong c6 nhanh nio bi qua tai sau khi thuc hién tai cu
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hinh. Dac biét, trong truong hop c6 DG, hé s6 mang tai cua cac nhanh thap hon
so v&i cau hinh ban dau (Hinh 4.6) va cau hinh t6i vu khi khong c6 DG.

0.7 0.7

Dong dién frén cdc nhdnh trong cau hinh t8i uu khong c6 k&t ndi DG Dong dién trén cdc nhdnh trong cdu hinh i ut ¢6 két n6i DG
0.6

A
\

0.6

05H

1/Idm

ong dién trung binh

1/Idm

20 25 30 35 37 2 35 37
Nhénh Nhénh

Hinh 4. 9. Hé s mang tai trén cac  Hinh 4. 10. Hé s6 mang tai trén cac
nhanh sau khi tai cau hinh khdng xét  nhanh sau khi tai cau hinh c6 xét DG

DG trong mot ngay dién hinh. trong mot ngay dién hinh.

4.4. Nhan xét va két ludn

Tai cau hinh LDPP két hop vai toi wu vi tri va cong suat phat DG dong thoi
|a PP t6i uu nhat dé thu duoc cau hinh c6 ton that cong sudt bé nhat va cau hinh
dién ap t6t nhat so vdi cac trudng hop con lai.

PP tai cau hinh LDPP c6 xét dén DG giam ton that ning luong dua trén cong
suat trung binh ctia phu tai va cong sut phat trung binh ctua DG trong thoi gian
khao sat. Uu diém cua PP la khong yéu cau d6 thi phu tai cing nhu cong sudt
phat cua DGs tai moi thoi dlem trong thoi gian khio sat. Két qua tinh toan cho
thiy, co thé st dung cong suat trung binh ctia phu tai va DG de xac dinh cau hinh
van hanh LDPP giam ton that ning lwong. Ngoai ra, PP dé xuit ¢ uu dlem vuot
tro1 Ve mat thot gian tinh toan do chi phai giai bai toan phan bd cong suat mot lan
khi can tinh toan gia tri him muc tiéu cho mdi cAu hinh xem xét. Vi thé, PP dé
xuat ¢ thé duoc ap dung cho cac LDPP c¢6 chi phi chuyén tai cao va cac LDPP
gip kho khin trong qua trinh thu thap do thi phy tai.

15

25



] Chu’O’pg S A
UNG DUNG TAI CAU HINH

LDPP CHU PRONG - PIEN LUC GIA LAI

5.1. Pic diém LPPP Chu Prong

Trén LDPP Chu Prong, bbn xuat tuyén (XT) 480/E42, 474/110CR, 472/F19
va 474/F19 tao thanh trac mach vong, ciac XT con lai cung cip cho timg ving
riéng bi¢t. Vi vay, trong pham vi ludn an chi thuc hién nghién ctru trén cau trac
mach vong dugc tao bdi bén XT trén voi 259 nhanh, 257 nat va tong cong suat
phu tai 8.6357 MW, 3 khoa dién thuong mo. Ngoai ra, trén dia ban cung cap dién
ctia bén XT trén, c6 mot s6 thiy dién nhd. Tuy nhién, cac thuy dién nay hién
dang phat tap trung trén duong day 35 kV va truyén tai vé tram bién ap 110 kV
Chu Prong. Bé ap dung cac PP da nghién ciru trén LDPP Chu Prong, mot so gia
thiét sau duoc dit ra:

- Ton that cong sut trén may bién ap dugc bo qua;

- Phu tai tai tAt ca cac nat 13 phu tai can béng;

- Cong suit tai cac nit phu tai khéng doi.
5.2. Két qua ap dung phwong phap dé xuat

So v61 LDPP 33, 69 va 119 nat, LDPP Chu Prong ¢6 quy mo6 16n hon voéi
257 nit, qua trinh tinh todn phin bb céng suat cho mdi cau hinh xem xét s& mat
nhiéu thoi gian. Trong trudng hop nay, thuit toan RRA dugc lua chon dé tbi uu
cau triic van hanh LDPP Chu Prong do boi RRA ¢6 kha niang tim dugc cau hinh
van hanh LDPP v&i s6 vong 1ap nho hon nhiéu so véi PP CGA va CSA.

5.2.1. Tai cau hinh giam tén that céng suat
Bang 5. 1. K&t qua tai cau hinh gidm ton that cong suat.

Ban dau To61uu (gidm AP)

Khda mo 257, 258, 259 257, 231, 143

AP (kW) 81.5655 73.9053

Vmin (pU) 0.9717 (99) 0.9717 (99)

Vimax (PU) 1(1) 1(1)

LBI 0.0044 0.0040

(1M dm)max 0.2834 0.2834

LBF 0.3082 0.8908

Feeder; (MVA) [2.3206, 1.6560, 1.9853, [2.3206, 2.7416, 0.8604,
2.9559] 2.9559]

NSW 0 4

Max of fitness - 74.9624

Min of fitness - 73.9053

Mean of fitness - 74.2224

STD - 0.381583

Mean of iteration - 23.6

CPU time - 107.8014
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Bang 5.1. cho thdy sau khi thuc hién tai cdu hinh, ton thit cong suit (AP)
giam tir 81.5655 kW xubng 73.9053 kW voi cac khoa dién mé {257, 231, 143},
Bién d6 dién ap nut thap nhat khong d6i so véi trude khi tai cau hinh. Bién d6
dién ap cac nut trong h¢ théng trudc va sau khi tai cdu hinh dugc cho & Hinh 5.1.
H¢ s0 mang tdi trén cdc nhanh dugc cho ¢ Hinh 5.2. Tt Hinh 5.2 cho thiy voi
muc phu tai hién tai, hé sb mang tai trén cac nhanh cua ludi dién Chu Prong la
rat thép trong khoang tir (0 + 0.2834). Tuy nhién, rd rang sy cén béng cong suit
gitra bon XT c6 su chénh 1éch dang ké so voi trude khi thyc hién tai cdu hinh voi
cong suat ngudn cung cap tir bon XT lan luot1a {2.3206, 2.7416, 0.8604, 2.9559
MVAZ}. Gia tri 16n nhit, nho nhit, trung binh, dd Iéch chuin ctia ham thich nghi
cho ¢ Bang 5.2 cho thiy giai phap tim duoc boi thudt toan RRA 1a dang tin cay
do b1 gia tri trung binh cua ham thich nghi gén bang véi gia tri nhd nhit cua
chung Tho1t gian tinh todn trung binh trong m01 1an thue hién khoang 108 giay.
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Hinh 5. 1. Bién d¢ dién ap trude va Hinh 5. 2. Hé s6 mang tai trén cac
sau khi tai cau hinh giam AP. nhanh trudc va sau khi tai cau hinh
giam AP.
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5.2.2. T4i cau hinh sir dung ham da muc tiéu

Sau khi tai cau hinh giam ton that cong suat, sy mit cin bang tai gitta bon
XT di tré nén 16n hon so véi cdu hinh ban dau. Dic biét trén LDPP hién hiru
chua dugc lép dit cac khoa dién 231 va 143. Nhu vay, dé giam duoc 9.4% ton
that cong suat, phai dau tu thém hai khoa dién. Trong truong hop nay, bai toan tai
ciu hinh da muc tiéu duogc 4 ap dung trén luoi dién Chu Prong nhim tim ra ciu
tric van hanh théa min mot sd ham muc tiéu nhu cuc tiéu ton that cong SUAt tac
dung, s6 1an van hanh khoa va do léch dién &p cac nit, cai thién su can bang tai
giita c4c nhanh, gitta CAc Xuat tuyén.

Két qua thuc hién tai cdu hinh da muc tiéu so véi truong hop tai cau hinh
giam ton that cong suat duoc cho ¢ Bang 5.2. Bang 5.2 cho thay, mic du ton that
cong suat thu duoc 16n hon so véi truong hop don muc tiéu giam ton that cong
suat, nhung chi s6 can bang tai gitta bon XT da duoc cai thién dang ké tir 0.8908
xuéng 0.5572 twong ung Vi cOng suat nguén cung cap tai bon XT lan luot 1a
{2.3206, 2.4208 1.1810, 2.9559 MVVA} va chi mat hai lan chuyén khda théng qua
viéc dong khoa 259 va mé khda 161. Hinh 5.3 va 5.4 cho thay, cau hinh dién ap
va hé sé mang tai trén cac nhanh khdng co su thay doi dang ké so véi truong hop
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don muyc tiéu giam ton that cong suit. Trong truong hop nay, rd rang co thé xem
et van hanh lugi dién Chu Prong ¢ thoi diém hi¢n tai theo cau tric ludi xac dinh
tir ham da muc tiéu dé giam ton that cong suat, sé lan chuyén khoa it nhat va su
mat can bang tai cta bon XT khong thay doi déng ké so véi clu triic ludi ban
dau.
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Bang 5. 2. Két qua tai cau hinh da muyc tiéu.

Cau hinh Ban dau Toiuu (giam AP) | T61uu da muc ti€u

Khéa mé 257, 258, 259 257, 231, 143 257, 258, 161

AP (kW) 81.5655 73.9053 74.2915

Vmin (PU) 0.9717 (99) 0.9717 (99) 0.9717 (99)

Vimax (pU) 1(1) 1(1) 1(1)

LBI 0.0044 0.0040 0.0040

(1/am)max 0.2834 0.2834 0.2834

LBF 0.3082 0.8908 0.5572

Feeder;(MVA) | [2.3206, 1.6560, [2.3206, 2.7416, [2.3206, 2.4208
1.9853, 2.9559] 0.8604, 2.9559] 1.1810, 2.9559]

NSW 0 4 2

Max of fitness - 74.9624 0.89548

Min of fitness - 73.9053 0.49781

Mean of fitness | - 74.2224 0.61819

STD - 0.381583 0.14473

Mean of | - 23.6 24.2

iteration

CPU time - 107.8014 249.7794

5.2.3. T4i cAu hinh LDPP ¢6 xét dén DG giam ton that cong suit

LDPP Chu Prong hién c6 mdt s ngudn thay dién nhd trong d6 cé ba thiy
dién c6 cong suit twong d6i 16n nhu la Drang 2, la Drang 3 va la Puch 3. Tuy
nhién, hién nay ba thuy dién ndy dang dugc phat tép trung trén dudng day 35 kV
va truyen tai vé tram blen ap 110 kV Chu Prong. Vi vay, viéc xem xet két ndi cac
nguén DG nay tryc tiép dén LDPP 22 kV ciing can duoc xem Xét.
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Bang 5. 3. Vung két ndi cua cac DG.

STT DG COng suat Vung két nd1 kha thi ctia cac DG (nut)
phat (MW)
1 | laDrang 2 1.5 221, 222, 223
2 | laDrang 3 1.6 164, 165, 166, 167, 168, 169, 170, 171, 172, 173
3 la Puch 3 3.4 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46,
47, 48, 49, 50, 51

Bang 5. 4. Két qua tai cau hinh két hop véi toi wu vi tri va cong suat ciia DG

giam AP,

Cau hinh Ban dau tai cau hinh tal cau hinh cO Xxét
DG

Khoéa mo 257, 258, 259 257, 231, 143 29, 236, 142

Poc (nat) [MW] | - - 0.5567 (221), 1.6
(164), 2.6662 (35)

AP (kW) 81.5655 73.9053 24.2456

Vmin (pU) 0.9717 (99) 0.9717 (99) 0.9898 (99)

Vimax (PU) 1(1) 1(1) 1(1)

LBI 0.0044 0.0040 0.0011

(1/dm)max 0.2834 0.2834 0.1533

LBF 0.3082 0.8908 0.1652

Feeder; (MVA)

[2.3206, 1.6560,
1.9853, 2.9550]

[2.3206, 2.7416,
0.8604, 2.9559]

[1.0340 0.7789
0.7728 1.6376]

NSW 0 4 6
Max of fitness - 74.9624 25.2576
Min of fitness - 73.9053 24.2456
Mean of fitness | - 74.2224 24,4737
STD - 0.381583 0.363309
Mean of | - 23.6 377.3
iteration
CPU time - 107.8014 3354
N \4‘1\# Vel T m&l:
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Hinh 5. 5. Bién d¢ dién ap khi ¢6 DG.

Nhénh

Hinh 5. 6. Hé s6 mang tai trén céc

nhanh khi co DG.
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Can ctr vao vi tri cta cac thiy dién la Drang 2, la Drang 3 va la Puch 3, ba
DG nay c6 kha ning két ndi truc tiép dén LDPP 22 kV & mdt s6 nat nhu Bang
5.3. Két qua toi wu vi tri va cdng suat cua cac DG két hop vai tai cau hinh duoc
cho & Bang 5.4. Bang 5.4 cho thay, néu cac DG nay duoc két ndi truc tiép dén
LDPP 22 kV, t6n that trén ludi s& giam dang ké, ngoai ra viéc két ndi nay ciing
gop phan cai thién chat lugng dién ap trong hé théng (Hinh 5.5). Hinh 5.6 cho
thay hé s6 mang tai trén cac duong day di giam dang ké voi duong day c6 hé s6
mang tai I6n nhat chi bang 15.33 % so v&i 28.34% trong truong hop chi tai cau
hinh. Tuy nhién, tir két qua tinh toan toi wu cong suat cua cac DG cd thé thay
rang dé cyc tiéu ton that cdng sut trén hé théng va véi ving két ndi kha thi cua
cac DG bj gidi han do khu vuc dia ly, cong suat ti cua cac DG phat 1én LDPP
khong dat dén cong suat phét hién co cua cac DG, cu thé DG la Drang 2 két ndi
dén nat 21 chi phéat 0.5567/1.5 MW, la Drang 3 két ndi dén nat 64 phat 1.6/1.6
MW va la Puch 3 két ndi dén nit 35 chi phat 2.6662/3.4 MW. Nhu vay, néu
muén phat téi da cong suat phéat ctia cac DG 1én LDPP, can xem xét dén chi phi
gia ting ton that cong suat trén LDPP va day c6 thé 1a mot yéu to dang quan tim
trong qué trinh thoa thuan két ndi gitra cac nha cung cip DG va nha quan 1y hé
théng phan phoi.

5.3. Két luan

Trong chuong niy, PP tai cau hinh LDPP sir dung thuat toan t6i vu RRA da
duoc ap dung trén LDPP huyén Chu Prong dé dap tng mot sé muc tiéu va diéu
kién van hanh. Két qua thuc hién nhu sau:

V61 muire phu tai hién tai cia LDPP Chu Prong, tai cau hinh bang RRA da
xac dinh cau trac van hanh méi giam dugc 9.4% ton that cong sut so véi cau
truc ludi hién hiru.

Can ctr vao thuc trang cia LDPP Chu Prong, PP tai cdu hinh da muc tiéu
st dung RRA da xac dinh dugc cAu tric van hanh toi vu giam dugc 8.9% ton that
cong suat va dam bao su can bang tai gitra cac XT v&i s 1an chuyén khoa it nhat,
Két qua thure hién co thé duoc dung dé tham khao khi can bo sung thém mot sb
khoa dién t01 thiéu trén ludi dé dap tng nhu cau van hanh da myc tiéu.

PP tai cau hinh két hop véi bai toan ti uu vi tri va cong Suat cac nguon phan
tan da xac dinh dugc vi tri két n01 va cong suat phat t6i wu cho mot so thuy dién
nhd trén dia ban vén dang két nbi dén cac may bién ap 35 kV dé ning cao hiéu
qué cua LDPP Chu Prong. PP va két qua thuc hién c6 thé duoc dung tham khao
khi ¢6 nhu cau két ndi truc tiép cac ngudn thuy dién nhd dén LDPP Chu Prong
22 kV.
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Chuong 6
KET LUAN

6.1. Két qua dat duoc

Luan 4n trinh bay phuong phap giai bai toan tai cdu hinh LDPP sir dung cac
giai thuat tim kiém t6i wu. Do boi dugce van hanh & cap dién ap thap, dong dién
16n nén LDPP thudng c6 ton that dién ning va do sut ap 1on. Vi viy, giam ton
that dién niang trén LDPP c6 ¥ nghia quan trong trong van hanh LDPP. Bai to4n
tai cAu hinh LDPP duoc thuc hién thong qua thay doi trang thai cac khoa dién
trén ludi dién dugce hinh thanh dya trén dic diém cia LDPP c¢6 cau hinh mach
vong nhung duoc van hanh hinh tia. Pay 13 mot phuong phép hiéu qua dé giam
ton that dién ning trén LDPP vi it phat sinh chi phi dau tu trang thiét bi ma chi
thuc hién cac thao tac van hanh trén LDPP. Tuy nhién, bai toan tai cAu hinh LDPP
12 mot bai toan phi tuyén, nhiéu cuc tri dia phuong va cac déu kién rang budc.
Vi€e nghién cuu cac phuong phap phu hop, hiéu qua dé giai bai toan co y nghia
quan trong trong viéc xac dinh dugc cau hinh van hanh t6i wu, thoa man cac muc
tiéu van hanh. Ngoai ra, voi su phat trién manh mé cua cac loai ngudn dién phan
tan, von duoc két noi truc tiép dén LDPP, bai toan tai c4u hinh khong thé dugc
giai ma khong quan tam dén cac nguon dién nay. Dua vao nhirng yéu t6 trén, luan
an da dé xuat mot s giai phap cu the nhu sau:

Phuong phap giai bai toan tai cau hinh giam ton that cong suat: Do bai bai
toan tai cau hinh giam ton that cong suat 1a mo dun 15i cua cac bai toan tai cau
hinh, luan an da dé xuét phuong phap giai bai toan tai ciu hinh giam ton that
cong suat str dung cac giai thuat tdi wu tong quat. Trong do, cac thuat toan tdi wu
tong quat dugc cai tién vé phuong phap mi hoa céc bién diéu khién dé phu hop
voi bai todn tai cau hinh LDPP. Cu thé, c4c bien dicu khién duge md hoa dudi
dang s6 nguyén chi vi tri cac khoa dién trong cac vong kin trén LDPP dé gitip
cho thudt toan tao ra nhiéu cu hinh luéi hop 1€ hon so vdi cac phuong phap ma
hoa khac. Ngoai ra, phuong phép gidi han khong gian tim kiém cua mdi khoa
dién dugc thyc hién thong qua phuong phap xac dinh cac vong co sd, giip cac
thuat toan khong bi bo sot nghiém trong qua trinh tinh toan. Bén canh do, thong
qua viéc nghién ctru dic diém cua cac thudt toan t6i vy, lun an dé xuat ap dung
giai thuat CSA dé giai bai toan tai ciu hinh LDPP. Két qua so sanh phuong phap
st dung CSA voi1 CGA, PSO va mét s6 nghién ctru khac duogc thuc hién trén cac
LDPP ¢6 quy mo khic nhau cho thiy hiéu qua cua phuong phap dé nghi. Trong
do, CSA hiéu qua hon CGA va PSO ¢ giai phap thu dugce trong qua trinh giai bai
toan tai cdu hinh trén cac LDPP 16n.

Bai toan tai cau hinh LDPP da myc tiéu: Thay ddi cAu hinh van hanh LDPP
khong chi anh hudng dén ton thit cong sudt ma con anh hudng dén cac thong s6
ky thuat khac cua LDPP. Vi vay, luan an da trinh bay phuong phap tai cau hinh
da muc tiéu dé t6i uvu cic muc tiéu van hanh LDPP bao gdm cuc tiéu ton that
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cdng suat, chi sb can bang tai, chi s can bang gitta cac xuat tuyén, do léch dién
ap nut va sé lan chuyén khoa. Phuong phap max-min duoc st dung dé lua chon
giai phap thoa hiép gitra cac ham muc tiéu thanh vién. Ngoai ra, dé phong phu
thém cac phuong phap glal bai ton tai cau hinh LDPP, luan 4n dé xuat phuong
phéap giai bai todn tai cau hinh LDPP dya trén thuat toan RRA. Két qua kiém tra
trén hai hé théng 33 va 70 nit cho thay duoc wu diém cua RRA so véi CSA va
CGA. Trong d6, RRA c6 uu diém dang cha v 1a cai thién duoc tbe do tinh toan
trén cac LDPP 16n nho €6 kha nang hoi tu toan cuc sém hon so vi CSA va CGA.

Danh gia anh huong cua vi tri va cong suat DG dén bai toan tai cau hinh
LDPP: Tbi uu Vi tri va cong suat phat cua cac nguon DG trén LDPP ciing gop
phan giam ton that dién nang. Do do, vigc két hop giai bai toan tdi wu vi tri, cong
suat DG va bai todn tai cAu hinh s& phat huy tdi da hiéu qua cta ctia LDPP. Tuy
nhién, khi két hop hai bai toan nhiéu nghién ciru di dua trén cac thong sd ki thuat
ctia cau hinh LDPP hinh tia ban dau dé xac dinh trudc vi tri két ndi DG, nhung
r0 rang cac thong sé nay co thé bi thay d6i khi cdu hinh LDPP dugc thay déi
trong qua trinh tai ciu hinh dan dén két qua thu dugc khong phai la giai phap ti
wu nhit. Vi vay, thong qua viéc su dung thuat toan CSA giai bai toan tai cau hinh,
bai toan t6i wu vi tri cong suat DG va cac bai toan tai cau hinh két hop vo1 bai
toan t6i wu vi tri va cong suat DG cho thiy phuong phap tai cau hinh két hop vOi
t61 wu vi tri va cong suat DG dong thoi thu dugce cdu hinh 6 t6n thit cong suat
dat cuc tiéu va chat luong dién ap dugc cai thién hon so véi cac ki thuat giai bai
todn tai cau hinh va toi wu vi tri DG riéng r& hay két hop hai bai todn mdt cach
khong day du.

Bai toan tai cAu hinh LDPP giam ton that ning lugng co xét den ngudn dién
phan tan: Mdc du bai toan tai cau hinh LDPP giam t6n that cong sudt 1a mo dun
quan trong ctia cac bai toan tai cAu hinh, nhung bai toan tai cau hinh LDPP giam
tén that ndng luong méi labai toan thuc té ctia van hanh LDPP. Pé xac dinh duoc
ciu hinh van hanh cyc tiéu ton thit ning luong trong khoang thoi gian khao sat,
thong thuong phai str dung dén d6 thi phy tai cua moi nut tai trén LDPP. Tuy
nhién, viéc thu thap dd thi phu tai mdi nat trong hé théng 13 mot coéng viée 16n
doi hoi nhiéu cong strc nhat 13 d6i voi cac LDPP khong duogc trang bi dong bod
cac thiét bi thu thap d6 thi phu tai. Ngoai ra, d6i véi cac LDPP c6 chi phi chuyén
tai tai cao khi thay doi trang thai cac khéa dién do LDPP chua duogc trang bi cac
khoa dién diéu khién tir xa, thoi gian cat dién 16n thi viéc thay d6i nhiéu cdu hinh
ludi trong khoang thoi gian khao sat s€ khong mang lai hi€u qua cao. Vi vay, ludn
an da dé xuat phuong phap tai cdu hinh LDPP giam t6n thit ning lugng trong
thoi doan khao sat ap dung cho cac LDPP c6 dic diém trén. Uu diém ctia phuong
phap dé xuét 1a sir dung cong suat trung binh cua phy tai va cong suat phat trung
binh cua nguon DG trong thdi doan khio sat dé tim cau hinh van hanh khong doi
trong thoi doan khao sat co ton that ning luong bé nhat. Két qua so sanh gitta
phuong phép sir dung cong suit trung binh clia phu tai va cong suat phat trung
binh ctia DG trong thoi doan khao sat va phuong phap sir dung d6 thi phu tai va

32



d6 thi cong suat phat cia DG cho thiy hoan toan c6 thé xac dinh dugc cau hinh
van hanh t6i vu giam ton that ning luong dua trén cong sudt phu tai trung binh
va cong suat DG trung binh ma khong can thu thap do thi phy tai cua cac nat tai,
d6 thi phat cua cac DG trong LDPP.

Vé mat thure tién, cac phuong phap nghién ctru ¢6 kha nang ap dung vao cac
LDPP thuc té théng qua cac két qua kiém tra trén LDPP Chu Prong. Cu thé, sau
khi thyc hién tai cau hinh giam ton that cong suit, di xac dinh dugc cau hinh van
hanh t6i wu giup giam 9.4% ton that cong suat so véi cau hinh ludi hién hiru.
Ngoai ra, can ctr vao hién trang cia LDPP Chu Prong do chua dugc lép datnhiéu
khoa dién trén toan hé¢ théng cing nhu xet dén su can bang cta bdn xuit tuyén
trong hé théng, luin an dd dé xut giai phap tai ciu hinh da muc tiéu nhim giam
50 vi tri phai lap thém khoa dién ctng nhu dam bao sy can béang cua cac XuAt
tuyen. Qua do, da xac dinh dugc cau hinh van hanh giam dugc 8.9% ton that cong
sudt so v&i cAu hinh luéi hién hiru bang viéc lap dat thém mot khoa dién trong hé
théng. Bén canh do, do béi trén dja ban c6 mot sd thuy dién nho dang két ndi den
cac may bién ap 35 kV, diéu nay chua phat huy tdi da hiéu qua cua cac nguon
DG nay. Vi vay, luan an da dé xudt giai phap xac dinh dugc vi tri két ndi toi wu
va cong suat phat t6i uu vao LDPP Chu Prong cho cac DG nay dé nang cao hi¢u
qua cua LDPP Chu Prong. Phuong phap va két qua thuc hién c6 thé dugc dung
tham khao khi quy hoach cac diém két ndi mot s6 DG hién hitu vao LDPP Chu
Prong 22 kV.

6.2. Huwoéng phat trién cia luin an

Str dung céac PP tai cAu hinh da nghién ctru giai mot s6 bai toan trén LDPP
nhu sau:

- Bai toan tai cau hinh LDPP ning cao do tin ciy cung cap dién.

- Bai toan khoi phuc cung cap dién thong qua thao tic dong md céac khoa

dién trén LDPP c¢6 cau tric mach vong.

- Bai toan toi vu vi tri va cong suit phat ctia cac loai DG trén LDPP dap

ung cac myc tiéu kinh té va k¥ thuat.
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