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TOM TAT

Luan &n trinh bay cac phuong phap giai bai todn tai cau hinh lugi dién phan
phdi (LDPP) dya trén céc giai thuat heuristic tong quat. Trong dé, bai toan tai cau
hinh giam ton that cong suat tac dung duoc thyc hién dua trén thuat toan cuckoo
search (Cuckoo Search Algorithm - CSA). Y tuéng ciia CSA duya trén tap tinh ky sinh
nudi dudng ciaa mot sb loai chim tu hi duy tri ndi gidng bang cach dé trang vao to
cuia cac loai chim khéc. Két qua so sanh véi thuat toan di truyén (Genetic Algorithm
- GA) va bay dan trén cac LDPP 33, 69 va 119 nut cho thiy, CSA 1a phuong phap
hiéu qua dé giai bai toan tai cau hinh LDPP, dic biét 1a trén cac LDPP c¢6 quy mé 16n.
Trong khi d6, bai toan tai cau hinh da muc tiéu giam ton that céng suat, chi sé can
bang tai, chi s6 can bang giita cac xuat tuyén, do léch dién ap nat va sd 1an chuyén
khoa da duogc giai dya trén thuat toan Runner-Root (Runner-Root Algorithm - RRA).
Y tuong cua RRA da trén su nhan gidng cua mot s6 oai thuc vat c6 than bo lan. Két
qua kiém tra trén hai hé théng 33 va 70 nit cho thay RRA nhiéu vu diém so véi GA
va CSA.

Ngoai ra, anh huéng cua vi tri va cong suit ciia ngudn dién phén tan (Distributed
Generation - DG) dén bai toan tai cau hinh trong cac truong hop khac nhau nhu chi
thue hién tai cau hinh, chi thuc hién t6i vu vi tri va cong suit DG, tai ciu hinh sau
khi 1ap dat DG, lap dat DG sau khi tai cau hinh, tai ciu hinh két hop voi téi wu cong
sudt DG ddng thoi va tai cAu hinh két hop voi tdi wu vi tri va cong suat DG da duoc
xem xét. Két qua cho thiy bai toan tai cdu hinh két hop véi toi wu vi tri va cong suat
DG cho phép thu duoc cu hinh ludi c6 ton that cong suit bé nhit va chét lugng dién
ap t6t nhat. Ludn 4n ciing da trinh bay phuwong phap tai cdu hinh LDPP ¢6 xét dén DG
giam t6n that niang luong trong khoang thoi gian khao sat 4p dung cho cac LDPP co
chi phi chuyén tai cao va cac LDPP gip kho khin trong qué trinh thu thap do thi phu
tai. Phuong phap dé xuat dya trén cong suat trung binh clia phu tai va cong suat phat
trung binh ctia DG trong thoi gian khao sat. Uu diém cuia phuong phap 1a khong yéu

cau d0 thi phu tai cling nhu cong suat phat ciia DG tai mdi thoi diém trong thoi gian



khao sat. Két qua tinh toan cho thiy, co thé sir dung cong suét trung binh ctia phu tai
va DG dé xac dinh cdu hinh van hanh LDPP giam ton thit ning luong va phuong
phap dé xuét c6 wu diém vuot troi vé thoi gian tinh toan so véi phuong phap sir dung
d6 thi phu tai va do thi cong sut phat cta DG.

Bén canh danh gi4 trén cac LDPP mau, phuong phap va bai toan dé nghi da
dugc ap dung thanh cong trén LDPP trung ap thuc té cua huyén Chu Prong, tinh Gia
Lai. Két qua tinh toan cho thay, c6 thé str dung cac phwong phap da nghién ciru 1am

tai liéu tham khao khi van hanh LBPP Chu Prong.



ABSTRACT

The thesis presents methods for solving the distribution network reconfiguration
(DNR) problem based on metaheuristic algorithms. In particular, the DNR problem
for 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 loss over a given time period applied for
the networks which have high cost when changing the status of switches and the practical

networks that are difficult for obtaining load curves. The proposed method based on
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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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Chuwong 1
GIOI THIEU

1.1. Dit van dé

Luéi dién phan phéi (LDPP) truyén tai dién ning tir cac tram bién 4p trung gian
dén khach hang dung dién. Trong khi ludi truyén tai thuong duoc van hanh kin, LDPP
ludn duge van hanh hd. Viée van hanh hd LDPP ¢6 nhiéu vu diém so véi van hanh
kin nhu 1a dé dang bao v¢ ludi, dong sy ¢b nho, dé dang diéu chinh dién ap va phan
bb cong suat. Tuy nhién, do van hanh ¢ mic dién 4p thap va dong dién 16n, LDPP
thudng c6 ton that dién nang va do sut ap 16n. Do d6, rat nhiéu bién phap da dugc st
dung dé giam ton that dién ning trén LDPP nhu nang cao tiét dién day din, bu cong
suat phan khang, van hanh & cip dién ap cao hon va tai cdu hinh LDPP. Trong d0, tai
cAu hinh thong qua thay ddi trang thai cac khéa dién 1a bién phép it ton kém nhat.

Tuy nhién, bai toan tai cau hinh LDPP 12 bai toan phi tuyén v6i nhiéu cuc tri dia
phuong, kich thudc bai toan 16n do c6 nhiéu khoa dién trén LDPP va 13 bai toan co
mot thach thirc va ciing 12 nhu cau thiét yéu trong nghién ciru hé thong dién phan
phéi.

Ngoai ra, sy xuat hién ngay cang nhiéu cua cac ngudn dién phan tan (DG) vbn
duogc két ndi truc tiép dén LDPP ciing gop phan nang cao hiéu qua cia LDPP. Do kha
nang cung cap dién ning tryc tiép dén cac phu tai xung quanh vi tri dat DG nén lap
dit DG trén LDPP ciing gian tiép lam giam ton that dién ning trén LDPP. Tuy nhién,
néu lap dat & nhitng vi tri khong t6i wu va cong suat khong phu hop c6 thé lam ting
t6n that dién ning trén LDPP. Do d6, nghién ciru bai toan tai ciu hinh LDPP, khong
thé khong xét d¢én anh huong ciia DG.

1.2. Muc tiéu va nhiém vu ciia dé tai

Muc tiéu ctia luan an I nghién ctru cdc phuong phap tai ciu hinh LDPP sir dung

cac giai thuat tim kiém t6i wu. Cu thé ludn an can thuc hién cic nhiém vu sau:

Tai cAu hinh LDPP giam ton that cong suat, da muc tiéu sir dung cac giai thudt



tim kiém t6i wu va dé xuit dugc phuong phap hiéu qua, phi hop voi bai toan tai cau
hinh;

Tai cau hinh LDPP giam t6n that cong suat, giam ton that nang lugng c6 xét dén
anh hudng cua vi tri va cong suat DG.
1.3. Giéi han cia dé tai

Nghién ctru dugc thuc hién tap trung vao hai ngi dung sau:

- Bai toan tai cAu hinh LDPP trung ap giam ton that cong suét, da muc tiéu;

- Bai toan tai cau hinh LDPP giam ton that cong suét, giam ton that nang luong
c6 xét dén DG.
1.4. Phwong phap nghién ctiru

St dung céac giai thuat heuristic tong quat dé tai cau hinh LDPP giam ton that
cong suat, da muc tiéu, giam ton that ning luong va c6 xét dén anh huong cua DG
dén bai toan tai cAu hinh;

Phén tich, tong hop va thir nghiém cac phuong phap trén cac LDPP miu va so
sanh két qua dat duoc vi mot sd nghién ciru di cong bd;

Ap dung phuong phap tai cdu hinh nghién ciru trén LDPP thuc té.
1.5. Doéng gép cia luidn an

Luan an d4 phan tich cac phuong phap heuristic va heuristic tong quat, tir d6 lua
chon va ap dung thanh céng thuit toan heuristic tong quat Cuckoo Search (CSA) va
Runner-Root (RRA) giai bai toan tai cau hinh LDPP giam ton that cong sut va bai
toan tai cAu hinh da muc tiéu. Bé gidi bai toan tai c4u hinh LDPP, c4c thuat toan can
dugc diéu chinh dé phu hop vi bai toan. Trong d6, vé phuong phap ma héa bién diéu
khién, mbi bién diéu khién duoc ma hoa dudi dang sb6 nguyén dé chi vi tri khoa dién
trong modi vong kin. Du mdi vong kin trén LDPP dugc tao thanh tir cac khoa dién
kh&c nhau nhung r6 rang ludn ton tai thir ty hay vi tri ctia cac khoa dién trong mdi
vong kin. Vi vay, viéc ma hoa bién diéu khién bﬁng thir ty khoa dién trong moi vong
kin s& gitp céac thudt toan tao ra nhiéu cau triic ludi hop 1¢ trong qua trinh tinh toan
dé tao ra cac ciu tric ludi méi. Ngoai ra, dé nang cao hiéu qua cta cac thuit toan khi

giai bai toan tai cau hinh LDPP, gi6i han khong gian tim kiém ctia mdi bién dicu



khién c6 vai trd quan trong. Do d6, mot k¥ thuat gidi han khong gian tim kiém cta
bién diéu khién dugc dé xuat dé xac dinh cac khoa dién trong mdi vong kin, gitp cho
thudt toan khong bi bo sot nghiém kha thi trong qua trinh tinh toan.

Danh gia anh hudng ctia DG dén bai toan tai cAu hinh LDPP thong qua viée giai
bai toan tai cau hinh két hop vai bai toan tdi wu vi tri va cong suat DG trén LDPP.
Théng qua viée st dung thuit toan CSA giai bai toan tai ciu hinh, bai toan tbi vu vi
tri cong suat DG va cac bai toan tai cau hinh két hop v6i bai toan ti wu vi tri va cong
suat DG cho thdy phuong phap tai cdu hinh két hop véi toi wu vi tri va cong suat DG
déng thoi thu duge cdu hinh ¢6 ton thét cong suét dat cuc tiéu va chat luong di¢n ap
duogc cai thién hon so véi cac k¥ thuat giai bai toan tai ciu hinh va téi vu vi tri DG
riéng 1& hay két hop hai bai toan mot cach khong day du.

Dé xuit phuong phap tai ciu hinh LDPP ¢6 lap dit DG sir dung thuét ton tim
kiém t6i wu dé giam ton that ning lugng. Uu diém cua phuong phap dé xuat 1a st
dung cong suit trung binh cta phu tai va cong suat phat trung binh ctia DG trong thoi
doan khao sat dé tim cdu hinh van hanh khong d6i trong thoi doan khdo sat c¢6 ton
thit ning luong bé nhat. Phuong phap nay co thé ap dung cho cac LDPP c6 chi phi
chuyén tai cao va cac LDPP gip kho khin trong qua trinh thu thip d6 thi phy tai va
cong suat phat cua DG.

V& mit thyc tién, cac phuong phap nghién ctru c¢6 kha ning ap dung vao cac
LDPP thyc té thong qua cac két qua kiém tra trén LDPP huyén Chu Prong, tinh Gia
Lai. Cu thé, sau khi thuc hién tai cAu hinh giam ton that cong suét, da xac dinh duoc
cAu hinh van hanh t6i uu gitp giam 9.4% ton that cong suét so v6i cau hinh ludi hién
hitu. Ngoai ra, luan 4n di dé xudt giai phép tai ciu hinh da myc tiéu nhim giam s vi
tri phai lap thém khoéa dién ciing nhu dam bao su can bang clia cac xuét tuyén. Qua
d6, da xac dinh dugc ciu hinh van hanh giam dugc 8.9% ton that cong suat so voi
c4u hinh luéi hién hitu bang viéc ldp dat thém mot khoa dién trong hé thong. Bén
canh d6, luan an da dé xuat giai phap xac dinh duoc vi tri két ndi toi wru va cong suat
phat t6i vu vao LDPP Chu Prong cho cac DG trén dia ban von dang két ndi dén céac

tram bién 4p 35 kV dé nang cao hiéu qua ciia LDPP Chu Prong. Phuong phap va két



qua thuc hién co thé duge dung tham khao khi quy hoach cac diém két ndi mot sb
DG hién hitu vao LDPP Chu Prong 22 kV.
1.6. Bd cuc ciia luéin an
Chuong 1. Giéi thi¢u
Chuong 2. Toéng quan vé tai cau hinh LDPP
Chuong 3. T4i cu hinh LDPP sir dung cac giai thuat tim kiém t6i vu
Chuong 4. Tai cdu hinh LDPP c6 xét dén may phat dién phan tan
Chuong 5. Ung dung tai cdu hinh LDPP Chu Prong - Pién luc Gia Lai
Chuong 6. Két luan



Chuwong 2
TONG QUAN VE TAI CAU HINH LDPP

2.1. Gioi thiéu

Hé thong dién gdm c6 bdn thanh phan chinh 12 nha may dién, ludi dién truyén
tai, LDPP va phy tai. Trong bon thanh phan d6, hé théng phan phdi c6 vai trd dic biét
quan trong, ¢ anh huéng truc tiép dén do tin cay, chat luong va gia thanh dién ning
cung cép [1].

LDPP thuong duge van hanh hd hay con goi 14 hinh tia nghia 1a khong ¢ bat
ky vong kin nio trong so d6 don tuyén. Viéc van hanh hé LDPP ¢6 nhiéu uu diém so
v4i van hanh kin nhu 1a dé dang bao v¢ ludi, dong su ¢d nho, d& dang diéu chinh dién
&4p va phan b cong suat. Tuy nhién, do van hanh & muc dién ap thap va dong dién
16n, LDPP thudng c6 ton that cong suat va do sut ap 16n [2].

Mic du duoc van hanh ho nhung dé nang cao d6 tin cy cua hé théng phan phdi,
trén cac mach hinh tia thudng c6 cac khoa dién thudng ma co kha nang két ndi dén
cac mach khac. Néu c6 su cb xay ra trén mot nhanh, cac khoa dién thuong mo cho
phép khoi phuc mot phan phu tai trong ving ¢ su c¢b. Ngoai ra, trén cac mach hinh
tia cling co cac khoa dién thudong dong. Cac khoa dién nay co thé thay doi trang thai
khi ¢6 yéu cau.

Hinh 2.1 mé ta mot LDPP don gian gdm c6 hai ngudn va nhiéu khoa dién [3].
Khoda SW1, SW5 va RC3 ¢ trang thai md dé dam bao ludi dién van hanh ho. Cac
doan tai LN2 va LN6 nim & cudi ludi cua nguén dién SS2. Dé cai thién chat luong
dién ning & cudi ludi, bo tu bu dugc lap giita LN4. Tat nhién, cac thiét bi nay déu co
thé dugc van hanh ¢ ché do thong sé khong doi trong thoi gian van hanh hay thong
s6 thay doi bang cach diéu khién tir xa hay tai chd.

Khi van hanh hé théng dién phan phdi nhu Hinh 2.1, ¢6 thé giam ton that cong
suit bang cach chuyén mét sb tai tir ngudn SS2 sang ngudn SS1, ching han nhu dong
RC3 va mé SW2 dé chuyén cac doan tai LN5 va LN6 tir ngudn SS2 sang SS1. Hon

ntra, trén LDPP thuc té ¢6 rat nhiéu khoa dién, viéc tim ra cach chuyén tai tot nhat



trong t6 hop cac khod dién khi chuyén tai dap tung cac diéu kién rang budc k¥ thuat
s€ trd nén phuc tap hon. Viéc phan tich lya chon céac cach chuyén tai nay la ng1 dung

cta bai toan tai cAu hinh LDPP.

N15 o N6  pes
Hinh 2. 1. LDPP don gian.

Tai cau hinh LDPP 1 qua trinh thay ddi ciu triic hinh hoc cia LDPP bang viéc
thay doi trang thai ctia cac khoa dién thuong dong va thuong mé trong khi van dam
bao thdéa man cac rang budc tiy theo muc dich cua nha van hanh (Hinh 2.2), trong d6
c6 cac rang budc ky thuat nhu [1]:

- Két ndi ctia hé thong phai ludn ludn dugc duy tri hay néi cach khac tat ca cac
nut tai phai luén dugc cung cp dién.

- Céu hinh hinh tia cia LDPP luén luén dugc dam bao trong moi diéu kién.

- Dién 4p cac nat phai ndm trong giéi han cho phép.

- Dong dién trén cac nhanh nam trong giéi han dinh mirc cho phép.

Bai toan tai cau hinh LDPP duoc dé xuét 1an dau vao nam 1975 bdi Merlin va
Back [4]. Trong nghién ctru nay, k¥ thuat tdi wu nhanh va bién duoc sir dung dé xac
dinh cAu hinh lu6i c ton thit bé nhat. Ban dau tat ca cac khoa dién duoc dong lai dé
tao thanh luéi dién kin, sau d6 cac khéa dién 1an lugt duoc md dé khoi phuc lai cAu
hinh hinh tia. Civanlar va cong su [5] sir dung phuong phap trao d6i nhanh dé giam
ton that cong suét dua trén viéc chon lua céc cap khoa dién. Y tudng cuia phuong

phap 1a trong mot vong kin, mot khoa dién dang mo sé dugc thay thé bang mot khoa



dong dé giam ton that cong suit. Khoa dugc chon 1a khéda c6 mirc giam ton thit cong
sudt 16n nhat. Shirmohammadi va Hong [6] dé xuat phuong phép tai cdu hinh giam
ton that cong sudt dua trén phuong phap cua Merlin va Back. Trong phuong phap
nay, trén mo hinh mang thuan tro, ban dau tt ca cac khoa dién dugc dong lai sau do
1an luot cac khoa dién c6 dong dién bé nhat duoc mo cho dén khi ludi dién tré thanh

hinh tia.

Hinh 2. 2. Tai cAu hinh LDPP.

Nhirng phuong phép trén c¢6 dic diém chung 14 dya trén cac tiéu chudn k§ thuat
va khong str dung bat ky thuat toan t6i wu ndo nhung cb ging tim ra mot giai phap tot
bang cac quy trinh k¥ thuat. Sau hon ba thap nién thu hut sy quan tdm cua cac nha
nghién ctru cing véi sy phat trién manh mé ctia khoa hoc k¥ thuat may tinh, cho dén
nay nhiéu phuong phap heuristic tong quat (metaheuristic) da dugc ap dung dé giai
bai toan tai cau hinh LDPP va da dat dugc nhiéu két qua. Pay 1a nhitng phuong phap
thudng tiép can ngdu nhién dua vao quan thé ma khong co cac yéu cau dic biét nhu
tinh lién tuc ctia ham muc tiéu va hiéu qua trong viée xtr 1y cac bai toan t6i wu co rang
budc [1]. Tuy nhién, d6i v&i cac thuat toan heuristic tong quét thi van dé can quan
tam la chung co thé roi vao cuc tri dia phuong thay vi toan cuc va mot sb thuat toan
lai yéu cau mot sd luwong 16n cac thong sd can diéu chinh trong qua trinh thuc hién.
Vi vy, trong linh vuc nay, bai todn ngan ngtra sy hoi tu sém vao cuc tri dia phuong
clia cac thuat toan heuristic tong quat thu hiit duoc nhiéu sy quan tdm cia nhiéu nha
nghién ctru [1].

Trong [7-9], giai thuét di truyén (genetic algorithm - GA) da duoc ap dung giai



bai toan tai cAu hinh LDPP dé giam ton that cong suét. Trong [10], giai thuat GA da
duogc str dung dé giai bai toan tai cAu hinh LDPP ¢6 ngudn dién phan tan (Distributed
Generation - DG) dé giam ton that cong suat va do 1éch dién ap. Trong [11], giai thuat
GA di duogc st dung dé giai bai todn tai ciu hinh LDPP nhim giam ton that cong sut
va nang cao do tin cay cung cip dién cta hé thong.

Trong [12-14], thuat toan tdi wu bay dan (Particle Swarm Optimization - PSO)
dugc ap dung vao bai toan tai cAu hinh LDPP dé giam ton that cong suat. Trong [15],
PSO duoc st dung dé toi vu cau hinh luéi dién véi ham muc tiéu 1a giam ton that
cong suét va chi sd can bang tai (Load Balancing Index - LBI). Trong [16], [17], thuat
toan PSO nhi phan duoc st dung dé tai cdu hinh LDPP giam ton thit cong suit.

Trong [18], mang noron nhan tao da dugc s dung dé tim ra ciu hinh luédi co
t6n that cong suat bé nhat. Trong [19], thuat toan tdi wu trong truong duoc ap dung
giai bai toan tai cau hinh LDPP v4i ham da muc tiéu giam ton that cong suat, chi phi
van hanh va d6 tin cdy cia LDPP ¢6 DG. Trong [20], Iy thuyét d6 thi ciy khung nho
nhat d3 duoc ap dung vao bai toan tai cAu hinh ludi dé giam ton that cong suat.

Qua trinh tai cau hinh khong chi anh huéng dén ton that cong suat ma con anh
hudng dén nhiéu yéu té khac caa LDPP. Vi vay, bai toan tai cau hinh da muc tiéu da
thu hut duoc nhiéu sy chi y cia cac nha nghién ciu. Trong [21], phuong phap
heuristic cai tién duwa trén phuong phap trao d6i nhanh [22] da duoc sir dung dé giai
bai toan vai myc tiéu giam chi phi ton that, chi phi chuyén khoa va cai thién dién ap
nGt trong hé thdng. Trong nghién ciru nay, phuong phap trao d6i nhanh da duoc cai
tién dé ching ludn tao ra cac cau hinh ludgi hop 1¢ tranh phai giai bai toan phan b
cdng suit trén ludi dién kin. Trong [23], phuong phéap heuristic da muc tiéu (Fuzzy
Multiobjective Approach - FMA) duoc dé xuat dé giai bai toan vai ham muc tiéu
giam ton that, do léch dién &p, can bang tai gitra cac nhanh va giita cac xuat tuyén.
Ngoai ra, mot s6 nghién ctru sir dung céc giai thuat heuristic tong quat ciing da duoc
&p dung thanh cdng vao bai toan tai cdu hinh da muc tiéu chang han nhu GA [24],
giai thuat lai gitra giai thuat dan kién (Ant Colony Optimization - ACO) va PSO
(hybrid PSO - HPSO) [25], giai thuat lai gitra dan ong (Honey Bee Mating



Optimization - HBMO) va PSO roi rac (DPSO-HBMO) [26], giai thuat budc nhay
éch (Shuffled Frog-Leaping - SFL) [27], dan ong [28].

Ngoai ra, voi su phat trién ctia cac ngudn nang luong tai tao, cdu hinh ctia LDPP
cling dang dan duoc thay d6i. Mot trong nhitng thay d6i manh mé d6 1a su xuét hién
ctia DG trén LDPP. DG 14 ngudn phat dién duoc két ndi véi LDPP hoic tir phia khach
hang str dung dién [29]. Mot s cong nghé DG hién nay bao gdm hé théng pin mit
troi, hé thong turbin gio, hé théng pin nhién liéu, turbin cong suit nho, hé thong ning
lugng song bién, thily triéu, hé thong bio-gas, hé thong may phat dau, hé théng may
phat khi, hé thdng ning lugng dia nhiét, may phat dién dong co d6t trong [30]. Do
bdi cac yéu tb an ninh nang luong va loi ich kinh té, sy xuat hién cua DG trén LDPP
ngay cang duogc ting 1én nhanh choéng [31], [32]. Anh hudng cia DG da thu hit dugc
su quan tdm cua nhiéu nha nghién ciru trong thoi gian gan day. Trong [33], cac
phuong phap d6 nhay ton that cong suét, chi s6 on dinh cong suat (Power Stability
Index - PSI), chi s6 6n dinh dién ap (Voltage Stability Index - VSI) duoc so sanh
trong viéc toi wu vi tri va cong suat DG trén LDPP. Trong [34], thuat toan tdi uvu hoa
tim kiém thirc an cta vi khuan (Bacterial Foraging Optimization Algorithm - BFOA)
duoc dé xuit dé tim vi tri va cong suét tdi wu ctia DG véi ham muc tiéu giam ton that
cong suat, chi phi van hanh va 6n dinh dién ap. Trong [35], phuong phéap dua trén
mang than kinh nhan tao duoc st dung dé t6i wu vi tri va cong suét cua cac loai DG
khac nhau. Kayal va cong sy [36] dé xudt phuong phap dua trén thuat toan PSO dé
t61 wu cong sudt turbin gi6 va pin mit troi dé giam ton that cong sudt va cai thién do
6n dinh dién ap ciia LDPP. Trong [37], thuat toan PSO duoc sir dung dé ti uu vi tri
va cong suat DG va don gia hop dong phat dién cia DG.

Gan day, mot s6 nghién ciru dd xem xét giai quyét bai toan tai cau hinh va dat
DG dong thoi dé nang cao hiéu qua ciia LDPP [38], [39], [40]. Trong [39], tai ciu
hinh LDPP véi t6i uu cong suat DG véi ham muc tiéu giam ton that cong suit va cai
thién dién ap cac nat sir dung thuat toan tim kiém hai hoa (Harmony Search Algorithm
- HSA). Trong [40], giai thuat phao hoa (Fireworks Algorithm - FWA) dugc str dung

dé giai bai toan tai cau hinh va dat DG trén LDPP giam ton thit cong suat va nang



cao 6n dinh dién ap.

O Viét Nam, bai toan tai cdu hinh LDPP ciing d3 thu hut duoc su quan tim cia
nhiéu nha nghién ctru. Trong [41], thuat toan GA di duogc sir dung trong bai toan tai
cAu hinh LDPP dé giam ton that cong suat. Trong [42], phuong phap tai cau hinh
LDPP str dung giai thuat dan kién ACO dé giam t6n that cong suat. Trong nghién ctru
nay, thong qua két qua mé phong, tac gia di ching minh dwgc nhitng vu diém cia
thudt toan ACO so voi GA va giai thudt luyén kim (Simulated Annealing — SA).
Trong [43], thuat toan ACO két hop véi k¥ thuat logic mo duoc st dung dé giai bai
toan tai cdu hinh LDPP.

Dua trén muc dich cua bai toan tai ciu hinh LDPP ¢6 thé duoc chia thanh céc
bai toan nho hon nhu sau:

Bai toan 1: Xac dinh ciu hinh luéi dién tai mot thoi diém dé ton thit cong suat
bé nhat [4-5], [7], [20], [44-45].

Bai toan 2: Xéc dinh cu hinh ludi dién thay doi trong timg thoi diém cia thoi
gian khao sat dé cyc tiéu chi phi van hanh [46-48].

Bai toan 3: Xac dinh cu hinh luéi dién khong doi trong thoi gian khao sat dé
cuc tiéu chi phi van hanh [49-52].

Bai toan 4: Xac dinh cau hinh ludi dién dé khoi phuc su ¢6 [53-58].

Bai toan 5: Xac dinh c4u hinh ludi dién cé xét dén anh hudng ciia ngudn dién
phan tan v&i cac ham muyc tiéu nhu giam ton that cong suét, chi phi van hanh... [10],
[38], [46], [59-61].

Bai toan 6: Xéc dinh cau hinh ludi dién dap ing nhiéu muc tiéu van hanh [22-
23], [62-65].

Bai toan 7: Xac dinh cdu hinh ludi dién dé nang cao dd tin cay cung cép dién
[11], [63], [66-70].

Trong céac bai toan lién quan dén tai cAu hinh LDPP, bai toan tai ciu hinh giam
t6n that cong suat duge xem nhu moé dun chinh ciia cac bai toan. Piéu nay dugc ching
minh qua céc giai thuat dugc nghién ciru ké tir khi lan dau tién bai toan dugc dé xuat

cho dén nay. Tuy nhién, trong thuc t& van hanh LDPP, bai toan giam ton that ning
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lrong méi 12 bai toan can quan tAm do boi sy thay doi ciia phu tai.
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Hinh 2. 3. LBPP don gian 1 nguon, 8 nat, 10 nhanh va 3 vong.

Bang 2. 1. K¥ thuit m3 héa bién diéu khién khi str dung cac giai thuat heuristic tong

quat giai bai toan tai cdu hinh LDPP.

'I_':"ii Mih()a t_)xién Giéi han Bién diéu Cha thich Nhan xét
liu dieu khien khién
- Nhiéu cau tric
- khong hop 1€
[41] X lﬁiﬁgdfzﬁ' 0. | Khitaonghiem
[71]’ [1101010111] | Khong Khoa déhé 1 moi By
; . = | - Kich thuoc bién
khoa mo e .
I6n, tinh toan
phuc tap
Nhanh va
[001, 01, khoa.,Nhanh - Kich thuoc bién
[72] 0101, 01, Khéng 1, khoa 1, I6n, tinh toan
0111, 01] nhanh 3, khoa h” t
1, nhanh 7, phuc tap
khoa 1
Khoéa mo ,
[0011, 0101, A bang sb nhi - Kich thuoc bién
1] 01117 Khong phan: Khéa 3, | lén
5,7
- Khdng kiém tra
hinh tia, sot
Vong 1: [1,2,3,4] . , nghiém do gidi
[73], [3.1,1] Vong 2: [5,6] Iﬁg;ﬁgﬁg han vong kin
[74] ' vong 3: [7,8,9,10] X - Dung sé thi tu,
vong ST
nhiéu cau trdc
hop 1€ khi tao
nghiém mai
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ITf;xi Ma hoa l.)Rién Gi6i han _t;ié’n diéu Chi thich Nhdn xet
iéu dieu khién khien
Nt a ¢6 6 dudng cap
ngudn: DPuong két
LY | nf =[110], néivénat | -Gisi han bién
[75] | 100000 6010 s =[2,3,4,10], ng~u_6n,cf1a , diéu khlé,n phurc
100000’0 n§ =[1,7,8,9], m6'| nut: Nut ta_p, kho thuc
0001 0160] ¢ =[2,3,5,6,8,9], |aditheo hién
’ ¢ =[2,3,5,6,7,10], | duong ¢
¢ =[2,3,4,6,7,8,9]
- Khéng kiém tra
hinh tia, sot
vong L: [1,2,3,4] nghiem do 91t
[16- | 135 7] Vong 2: [5,6] Khéadien: | S kr?éa
79] P Vong 3: [7,8,9,10] Khoa 3, 5, 7 S S
nhiéu cau truc
khong hop I¢é
khi tao nghiém
moi
Trang théi
khoa di¢n - Bo sét nghi¢ém
trong cac - Nhiéu cau trdc
[80] |[110,01,01] | Gidihan nhénh nhénh: Khoa khong hop 1€
1, 2, 3, khoa khi tao nghiém
5,6 moi
khéa 7, 8

Vé phuong phép giai bai toan, bai toan tai cau hinh LDPP di dugc giai bang

nhiéu phuong phap khac nhau bao gdm cac phuong phap heuristic dén cac phuong

phap heuristic tong quat. Trong d6, c6 thé thay rang cac phuong phép heuristic tong

quat ngay cang dugc (mg dung nhiéu trong viéc giai bai toan tai cu hinh. Tuy nhién,

do céc thuat toan heuristic tong quat dya trén dua trén cac tri thirc tong quat va c6 thé

duogc dp dung cho nhiéu loai bai toan khac nhau. Vi vay, khi 4p dung véo bai toan tai

céu hinh LDPP can st dung cac k¥ thuat ma hoa céac bién diéu khién sao cho phu hop

v6i bai toan. Mot s6 ki thuat ma hoa bién diéu khién cho LDPP don gian ¢ Hinh 2. 3

duogc trinh bay & Bang 2. 1 ctia mot sb phuong phép tai cau hinh LDPP sir dung cac

giai thuat tim kiém t6i wu cho thay k¥ thuat ma hoa bién diéu khién c6 y nghia quan

trong khi sir dung cac giai thuat heuristic tong quat dé giai bai toan tai cau hinh LDPP.
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Ngoai ra, cau hinh LDPP ciing dang dan thay d6i do c6 sur xudt hién cta cac loai
DG. Piéu nay dugc ching minh thong qua mot sé nghién ciru da dé cap dén anh
huong ctia DG trong bai toan tai cau hinh LDPP.
2.2. M0 hinh bai toan ti cAu hinh LDPP ¢6 dién

Do LPPP ¢6 ton that cong suat 16n [2] nén bai toan tai cAu hinh LDPP giam ton
thit cong suét thu hat duoc nhiéu sy quan tdm cia cac nha nghién ctru. Md hinh toan
hoc cua tai ciu hinh LDPP ¢6 thé duoc thé hién bai dong dién nhanh hodc cong suét
nhanh [81].

(1) Str dung bién dong dién

Min f = Y27 kiR 1, (2.1)
Vi
kill;] < Limax i=1,2,..,Nbr (2.2)
Vimin <V; < Vimax  Jj =1,2,..,Nbus (2.3)
g(Lk) =0 (2.4)
g(V,k) =0 (2.5)
@ (k) =0 (2.6)

Trong do, Ii, R, lan luot 1a dong dién, dién trd cia nhanh i"; Vj: Dién 4p tai nut
j ki: Dai dién cho trang thai ctia cac nhanh, ki =1 néu nhéanh i déng, va ki = 0 néu
nhanh i"™ mé; Nbus va Nbr 1an luot 14 tong s6 niit va tong sé nhanh trong LDPP.

Trong md hinh & trén, biéu thirc (2.2) dai dién cho rang budc dong dién nhanh.
Biéu thuc (2.3) dai dién cho rang budc dién 4p nat. biéu thirc (2.4) dai dién cho dinh
luat Kirchhoff 1, va biéu thitrc (2.5) dai dién cho dinh luat Kirchhoff 2, biéu thire (2.6)
dai dién cho rang budc vé cAu hinh hinh tia cia mdi ciu hinh xem xét. N6 bao gé)m
hai rang budc:

(a) Tinh kha thi: T4t ca cic nut trong mang phai dugc két ndi boi cac nhanh, tirc

la & d6 khong c6 nut nao bi tach biét.
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(b) Hinh tia: S5 lugng cic nhanh trong mang phai nhé hon so véi sb lugng cac
nut mdt don vi.

Do d6, cAu hinh mang cudi cing phai duoc b tri hinh tia va tat ca cac tai van
phai duoc két nbi.

(2) Sir dung bién cong suat

Nbr

. P? +Qf
i=1 L
Véi

kiISiI < Simax i = 1, 2, ...,Nbr (28)

Vimin <V; < Vimax  J=1,2,...,Nbus (2.3)

g(P, k) = 0 (2.9)

g(Qk) =0 (2.10)

g(V, k) = 0 (25)

¢ (k) =0 (2.6)

Trong d6, Pi, Qi 1an luot 1 cong suat tic dung va phan khang cia nhanh i; V;
1a dién ap cudi nhanh it".

Ham muc tiéu trong biéu thirc (2.7) 14 ton that cong suat. Néu bién do dién ap
dugc gia dinh 1a 1.0 p.u. va t6n that cong suat phan khang dugc bo qua trong ham
muc tiéu, biéu thirc (2.7) ¢6 thé duoc don gian hoa nhu sau:

Min f = YN ;R P;? (2.11)

Trong mé hinh trén, biéu thirc (2.8) dai dién cho rang budc cong suit trén nhanh.
Biéu thuc (2.9) va (2.10) dai dién cho dinh luat cta Kirchhoff 1.

R rang, ca hai mo hinh tai cdu hinh LDPP, cho du biéu dién bing dong dién
nhanh hodc cong suat déu co chirc ning nhu nhau.

2.3. Mt s6 phwong phap tii cAu hinh LDPP
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2.3.1. Phwong phap k¥ thuat vong kin

Phuong phéap do Merlin va Back [4] dé xuét dya trén y tuong kha don gian do
la dong tat ca cac khoa dién lai tao thanh mét ludi dién kin, sau d6 giai bai toan phan
bd cong suit va tién hanh mé 1an luot cac khod c6 dong chay qua bé nhat cho dén khi
ludi dién cé cau hinh hinh tia. Do ludi dién ¢é cau hinh mach vong luén c6 mirc ton
thit cong suat bé nhat. Vi vy dé co LDPP van hanh hinh tia, nhitng nhanh c6 ton that
cong suit nho nhat 1an luot duoc loai bo, qua trinh s& két thuc khi ludi dién dat duoc
trang thai van hanh hé. Phuong phap dya trén luat heuristic nay mat rat nhiéu thoi
gian do c6 kha ning xay ra dén 2" cau hinh néu c6 n duong day dugc trang bi khoa
dién [3].
2.3.2. Phwong phap trao d6i nhanh

Y tudng co ban ctia phuong phap dbi nhanh heuristic 13 tinh toan su thay d6i
clia ton that cong suat bang cach van hanh mot cip cac khoa dién (dong mot va mo
mot khoa dién khac vao cuing mot thoi diém) [5]. Muc dich 1a dé giam ton that cong
SuAt.

Phuong phap trao d6i nhanh dua trén heuristic dé tai cau hinh LDPP duoc danh
gié cao nho vao viéc xac dinh dugc hai qui luat dé giam $6 lugng khoa dién can xem
xét, bao gom:

Nguyén tic chon khoa dong: Viéc giam ton thét chi co thé dat dugce néu nhu co
su chénh I¢ch dang ké vé dién ap tai khoa dang mo.

Nguyén tdc chon khoa mé: Viéc giam ton that chi dat duoc khi thue hién chuyén
tai & phia c6 do sut &p 16n sang phia co6 sut ap bé hon.

X4y dung dugc ham sb mé ta mirc giam ton that cong suit tac dung khi co sy
thay doi trang thai ctia mot cap khoa dién trong qua trinh tai cau hinh.

K thuat d6i nhanh thé hién & qua trinh thay thé mot khéa mé bang va mot khoa
dong trong cling mot vong dé giam ton that cong suit. Vong duoc chon dé dbi nhanh
1a vong c6 cap khod dong/mé cé mic giam ton that cong suat 16n nhat. Qua trinh
duoc lap lai cho dén khi khong thé giam duoc ton that nira.

Phuong phép trao d6i nhanh c6 nhitng vu diém sau [3], [81-82]:
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(1) Pon gian d& hiéu.

(2) Nhanh chong xac dinh phuong an tai cau hinh c6 mirc t6n that nho hon bang
cach giam sd lién két dong cat nhd qui tac heuristic va sir dung cong thirc thue nghiém
dé xac dinh murc do giam ton that twong di.

(3) Viéc xac dinh dong tai tuong d6i chinh x4c.

Tuy nhién, phwong phép ciing con ¢6 nhitng nhuoc diém sau:

(1) Mdi budc tinh todn chi xem xét mot cip khoa dién trong mot vong.

(2) Chi dap tng dugc nhu cau giam t6n that, chir chua giai quyét duoc bai toan
cuc tiéu hda ham muc tiéu.

(3) Cac cau hinh cudi cting phu thudc vao ciu hinh mang ban dau.

2.3.3. Phwong phap dong cong suit toi wu

Néu tro khang cua tit ca cac nhanh trong mang duoc thay thé boi cac dién trd
ctia nhanh twong (mg, phan bb dong cong suat dap ung cac dinh luat Kirchhoff 1 va
Kirchhoff 2 duoc goi 1a mé hinh dong cong suat t6i wu. Khi phan bd cong suit trong
mot vong kin 12 dong cong suat toi wu, ton that cong suat trong mang tuong tng sé 1a
nho nhit. Do d6, y tudng co ban cia mo hinh dong cong suét tdi vu 1a mé khoa dién
ctia nhanh c6 dong dién thap nhat trong vong kin [6], Cac budc cta thuat toan dugc
mo ta & Hinh 2.3 bao gom:

(1) Péng tit ca cac khoa dién thuong md dé tao thanh cac mach vong.

(2) Giai bai toan phan bd cong suat xoay chiéu va chuyén cic tai thanh dong
dién bom vao nut.

(3) Thay thé luéi tré khang thanh ludi thuan tré va tinh toan dong cong suat toi

(4) Mé khoa dién trén nhanh cé dong dién thap nhat trong vong kin va khong vi
pham cac diéu kién rang budc.

(5) Lap lai bude (2) — (4) dé xac dinh cac khoa dién mé tiép theo cho dén khi
mang trd thanh mot mang hinh tia.

Phuong phap dong cong suét tdi uu c6 nhitng wu nhuoc diém nhu sau [81]:

Nhitng uu diém ctia phwong phap nay 1 cdu hinh mang cudi cung s& khong phu
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thudc vao ciu hinh mang ban dau va tdc do tinh toan nhanh hon nhiéu so véi cac
phuong phap d6i nhanh don gian. Ngoai ra, bai toan van hanh khoéa dién to hop phirc
tap tr¢ thanh mot bai toan heuristic béng cach mé mot khoa dién mdi 1an.

|Doc théng s8 Iwsi va khoa dién |

| Doéng tat ca cac khéa mé tao thanh lwdi dién kin |

»
Ll
A

y
- Giai bai toan phan bd cong suat xoay chiéu
- Chuyén céc tai thanh dong dién bom vao nut

|

|Xéc dinh dong phan b cong suét téi wu trong mang|

| M6 khéa mang dong dién thép nhat |

- Bdéng khoa vira mé
- - M& khoa mang dong
/ dién bé nhat ké tiép

Vi pham rang budc

Pung

Sai

Lw&i dién hinh tia

bung

Xuét két qua
Két thuc

Hinh 2. 4. Phuong phép dong cong suat tdi uu.

Tuy nhién, c6 mot s6 nhuoc diém do boi tat ca cac khoa dién thuong mé duoc
dong trong cau hinh mang ban dau. Ching han nhu néu c6 nhiéu khoa dién thuong
mo trong mdt mang, viée tinh toan dong cong suat t6i wu s& bao gdm rat nhidu vong.
Giai phép cudi cung co thé khong duogc tdi wu do nhitng tac dong 1an nhau giira cac
vong.

2.3.4. Phuwong phap dong cong suit toi wu cai tién

Phuong phap dong cong suit ti wu cai tién tiép can dwa trén phuong phap dong
cong suét toi vu nhung khong dong tit ca cac khoa dién thuong mé (chi dong mot
khoa dién va mé mot khoa dién khac mdi 1an). Ngoai ra, phuong phép nay khong
quan tdm dén tinh chinh x4c ton thit cta ludi dién. N6 chi tip trung vao su thay doi

ctia ton that xay ra do hoat dong chuyén doi khoa dién. Cac budc tinh toan cta phuong
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phap dong cong suat tbi wu cai tién (Hinh 2.4) duoc mo ta chi tiét nhu sau [81], [83]:

|Doc thong s6 Iui va khoa dign |

| Mé& tt ca cac khoa dién |

»
>
A

A

- Béng mot khoa dién . .
- Giai b,éi toan phan bo céng suat
- Chuyén cac tai thanh dong dién bom vao nat

|

|Xéc dinh dong phan bd cong suét téi wu trong vong k|'n|

| M6 khéa mang dong dién thap nhat |

- Béng khoa vira mé

B - M& khoa mang dong
b4 dién bé nhét ké tiép
Vi pham rang budc *
bung

Lwai dién hinh tia
Sai

Xuét két qua

Két thuc

Hinh 2. 5. Phuong phap dong cong suat tbi wu cai tién.

(1) M6 tat ca cac khoa dién thuong mé trong hé théng dé ludi ban dau c6 cu
hinh 1a m§t dang cay (hinh tia).

(2) Pong bat ky mot khoa dién. Bang cach nay, chi c6 mot vong kin trong mang.

(3) Tinh to4n phan bd cong suat cho ludi c6 mdt vong va tinh toan dong dién
tuong dwong cho tat ca cac nit trong vong kin.

(4) Thay d6i ludi c6 mot vong kin bang mot ludi thuan trd, va tinh toan dong
cong suat toi wu dé tim nhanh c6 gia tri dong dién thap nhat. Mg khéa dién trén nhanh
nay.

(5) Lap lai budc (2) — (4) dé xac dinh cac khoa dién mé tiép theo.

(6) Thuat toan s€ dugc dung lai sau khi tat ca cac khoa mo dugce xem xét.

Phuong phép dong cong suat toi wu cai tién di loai bo su anh hudng gitta cac

vong kin. Méc du qué trinh héi tu c6 lién quan dén ludi dién ban dau, két qua cudi
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cung 6n dinh va khéng lién quan dén thir tw ctia cac khoa dién mo. Tuy nhién, nhuoc
diém cua phuong phap nay 1a Qué trinh hoi tu va tdc do tinh toan bi anh hudéng boi
thtr tyr van hanh cac khoéa dién [81].

2.3.5. Giai thuat di truyén

Giai thuat di truyén (GA) 14 k¥ thuat tim kiém va t6i wu dua trén nguyén ly tién
héa va chon loc tu nhién. Thuat toan GA 1an dau tién duge phat trién boi John Holland
vao nam 1975 [84]. Cac budce co ban cua thuit toan GA dugc thuc hién nhu sau [81]:

(1) Khoi tao quan thé: Véi cac bién diéu khién cho trudc X, chon ngiu nhién
mot quan thé co N nhiém sic thé (NST) {X&, X2, ..., X{'} trong 46 mdi NST X{ ¢ thé
duogc thé hién bai mot chudi ma nhi phan hay cac s lién tuc. Khi d6, mdi NST twong
g voi mot gid tri ham muc tiéu £(X¢), va quan thé twong ung véi tap gia tri ham
muc tiéu {f (X), f(X3), ..., fF(XY)}. Pat thé hé k = 0, di chuyén dén budc tiép theo.

(2) Lya chon: Chon mdt cap NST tur quﬁn thé nhu 1a mot cha me. Thong thuong,
NST véi do thich nghi 16n hon c6 mot xac suit duoc lua chon 16n hon.

(3) Ghép chéo: Ghép chéo 1a mdt hoat dong quan trong trong thuat toan GA.
Muc dich cta ghép chéo, 1a dé trao d6i thong tin ddy du giira cac NST. C6 rat nhiéu
phuong phéap ghép chéo, nhu ghép chéo mot diém va ghép chéo da diém.

(4) Dot bién: Dot bién 1a mot hoat dong quan trong khac trong thuat toan di
truyén. Cac dot bién tbt s& duoc giit lai, va dot bién xau s& duoc loai bo. Thong thudng,
cac NST véi do thich nghi kém c6 xac suat duoc lya chon I6n hon. Twong ty nhu ghép
chéo, c6 dot bién mot diém va da diém.

(5) Thuc hién xong budc (2)-(4), mot quan thé méi dugc sinh ra thay thé cho
thé hé cha me véi mot s6 NST mdi va loai bo mot s6 NST xau. Quan thé méi duoc
danh gia béng ham thich nghi. Néu céac diéu kién hoi tu duoc thoa man, thut toan s&
dugc dung lai nguoc lai thuat todn s€ quay lai budc (2) va tiép tuc thuce hién cac budc

tiép theo. Luu do thuat toan duoc mo ta & Hinh 2.5.
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Khéi tao quan thé NST ban dau

A 4

Danh gia cac NST bang ham thich nghi

[
»
A

y

Thuc hién qua trinh chon loc cac NST t6t

v

Thuc hién qua trinh di truyén théng qua cac co ché lai ghép

v

Thuc hién qua trinh di truyén théng qua cac co' ché dét bién

v

Danh gia cac NST bang ham thich nghi

v

Thé hé =Thé hé + 1

Sai - -
Thé hé > Thé hénax

Bung

Xuét két qua

Hinh 2. 6. Giai thuat GA.

Giai thuat GA c¢6 nhiéu vu diém trong viéc tim giai phap t6i vu. Trong do, co
ché chon loc gitip lua chon cac giai phap tot dam bao cho GA hdi tu, co ché ché ghép
chéo va dot bién gitip tao ra cac giai phap lan can cac giai phap tot va cac giai phap
moi trong khong gian tim kiém gitip cho GA tranh bi bdy vao cac cuc tri dia phuong
va ting su da dang cua cac giai phap. Tuy nhién, viéc lya chon cac thong sb quan
trong cia GA nhu ti 1& chon loc, phuong phap ghép chéo, ti 1¢ dot bién c6 anh hudng
dang ké dén giai phap thu duoc.

2.3.6. Giai thuat t6i wu bay dan
Thuat toan téi wu bay dan (PSO) lan dau tién duoc dé xuit boi Eberhart va

Kennedy vao nim 1995 [85]. PSO 1a mot dang cua thuat toan tién hoa dugc 13y y

20



tudng tir tr phwong phap tim kiém thirc dn cta dan chim. So véi GA, PSO khong ¢
cac co ché ghép chéo hay dot bién ma thién vé st dung su twong tac gitra cac ca thé
trong mot quan thé dé kham pha khong gian tim kiém. Cac budc co ban cua thuat

toan PSO (Hinh 2.6) duoc thuc hién nhu sau:

| Khdi tao vi tri va van téc quan thé ca thé ban dau

v

Danh gia mdi ca thé bang ham thich nghi

>

A 4
- Tim vj tri t6t nhat ctia mbi ca thé
- Tim vi tri tot nhat clia ca quan thé

y

Cap nhat van téc va vi tri clia cac ca thé

!

Danh gia mdi ca thé bang ham thich nghi

I

|Vc‘)ng lap = Vong lap + 1|

VOﬂg Iép <= VOﬂg |épmax

Xuét két qua (Vi tri tot nhat clia quan thé)

Két thuc

Hinh 2. 7. Giai thuat PSO.

(1) Khoi tao quﬁn thé: Chon ngau nhién mot quén thé c6 N ca thé c6 cac vi tri
va van toc ban dau 1a {X§, X2, ..., X}, (V{, VE, ..., VI'}. Khi 6, mdi cé thé twong ing
v6i mot gia tri ham muc tiéu £(X¢), va quan thé twong Ung véi tip gia tri ham muc
titu {f (X0, f(X2), ..., f(XY)}. Pat vong lap k = 0, di chuyén dén budc tiép theo.

(2) Tim vi tri tot nhat ctia mdi ca thé va ciia ca quan thé: Trong qua trinh kham
pha khong gian tim kiém, mdi ca thé chiu sy tac dong cua hai thong tin d6 1a vi tri tot
nhit ctia chinh ca thé d6 trong quéa khir (Prest) va vi tri t6t nhat clia ca bay dan da dat

dugc trong qua khir (Gpest).
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(3) Cap nhat van toc va vi tri ciia cac ca thé: Moi ca thé s€ di€u chinh van toc
va vi tri cia minh theo cac ca thé c6 gia tri thich nghi tot nhat nhu sau:

Vit = € X rand X (Pyese,; — Xi) + C; X rand X (Gpest,i — X;) (2.12)
Xik+1 — Xlk + Vik+1 (213)

(4) Thuc hién xong budc (2) va (3), quan thé véi van tée di chuyén va vi tri moi
dugc cap nhat. Vi tri méi cua cac ca thé duoc danh gia béng ham thich nghi. Néu céc
diéu kién hoi tu dugc thda man, thuat toan s& duoc dung lai nguoc lai thuat toan sé
quay lai budc (2) va tiép tuc thuc hién cac budc tiép theo.

Giai thuat PSO c6 uu diém 1a don gian, dé dang thyc hién va PSO c6 thé dé
dang hoat dong véi cac giai phap 1a s thue. Ngoai ra, do khong c6 co ché ghép chéo
va dot bién nén PSO tinh toan nhanh hon va st dung it bd nhé mdy tinh hon do boi
trong qua trinh tinh toan, PSO khdng luu trit duong chuyén dong ciia mdi ca thé ma
chi dya vao vén téc cia mdi ca thé. Tuy nhién, do cic ca thé trong quan thé di chuyén
dua trén cé thé tot nhét trong quan thé va c6 xu hudng tap trung vé vi tri ca thé tot
nhat nén lam cho PSO c6 khuynh hudng hoi tu sdm va cé thé 1am cho giai phap thu
duoc khong tdi wu.

2.3.7. Giai thuit t6i wu trong truong

Thuat toan tdi wu trong truong (Gravitational Search Algorithm — GSA) 13 mot
trong nhimng thuat toan tdi vu méi dugc phat trién boi Rashedi vao nam 2009 [86].
Giai thuat nay dua trén cac dinh luat ctia Newton vé trong luc va khdi luong. Trong
GSA, mdi phﬁn tr dugc xem nhu 1a mot vat thé (Hinh 2.7) va cac dac diém cua no
dugc do ludng bang chinh khéi lugng cta vat thé. Mi vat thé dai dién cho mdi giai
phap dé giai quyét bai toan. Tat ca cac vat hat nhau bai trong luc va luc nay duge
sinh ra do su chuyén dong cua tat ca cac vat vé phia céc vat thé ¢6 khoi lugng nang
hon. Do béi cac vat ning hon c6 gia tri ham muc tiéu t6t hon. Chung mé ta giai phap
t6t hon d¢é giai quyét bai toan va ching di chuyén cham hon cac vt thé c6 khéi lugng
nhe, vbn thé hién cho cac giai phap x4u hon. Cac budc co ban cua thuat todan GSA

duoc thuc hién nhu sau:

22



Hinh 2. 8. Céc vat thé tuong tac véi nhau.

(1) Khoi tao: Chon ngau nhién hé thong co N vat thé 1a {X3, X2, ..., X)'}. Khi
d6, mdi vat thé twong (ng Vi mot gia tri ham muc tiéu £ (X¢), va hé thong tuong tng
v6i tap gia tri ham muc tiéu {f (X3), £ (X2), ..., fF(XY)}. Pat vong lap t= 0, di chuyén
dén budc tiép theo.

(2) Tinh to4n khdi lugng ctia cac vat thé

fi(t) + worst(t)

m(t) = best(t) — worst(t) (214)
O
M,(t) = SV (2.15)

Trong d6, worst va best 1an Iuot 12 gia tri ham thich nghi x4u va tot nhat cta cac
vat thé.

(3) Tinh toan gia tdc cla cac vat thé

- Lyc tac dong 1én vat thé i duoc gay ra boi vat thé J

M;(t) x M;(t)

Fy(® = 6O ——F——
ij

CACERAC) (2.16)
Trong d6, Rij 12 khoang cach Euclidian gitta hai vat thé, e 1a hang s nho va G(t)
la hang sé hap dan tai thoi diém t.
- Tinh gia toc cua céc vat thé:

?]=1,j¢i randj FU (t)

a;(t) = M, (0)

(2.17)
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(4) Cap nhat vi tri va van tdc cla cac vat thé

Vl(t + 1) = Tandl- X Vl(t) + ai(t) (218)
X(t+1) = X;(©) + Vi(t+ 1) (2.19)

(5) Vi tri méi cua cac vat thé duoc danh gia bang ham thich nghi. Néu cac diéu
kién hdi tu dugc thdéa man, thuat toan sé dugc dung lai nguoc lai thudt toan s€ quay

lai budc (2) va tiép tuc thuc hién cac budc tiép theo. Luu d6 tom tit cac bude thyuc

| Khai tao vi tri va van téc cla cac vat thé |

y

| Danh gia cac vat thé bang ham thich nghi |

hién dugc trinh bay ¢ Hinh 2.8.

»
L

y
Tinh toan khéi lwong cla cac vat thé

!

| Tinh toan gia téc cla cac vat thé |

v

| Cap nhat vj tri va van téc cla cac ca thé |

v

| Panh gia cac vat thé méi bing ham thich nghi |

v

| t=t+1 |

Bung

| Xuét két qua (vi tri cia vat thé tét nhat) |

Két thuc

Hinh 2. 9. Giai thuat GSA.
2.3.8. Giai thuat tim kiém Iui

Giai thuat tim kiém Iui (Backtracking Search Algorithm - BSA) 14 thudt toan
duogc phat trién dya trén trén thuat toan tién héa boi Civicioglu vao nam 2013 [87].
Céc budc thyc hién ciia BSA bao gom khdi tao, chon loc — I, dot bién, ghép chéo va
chon loc — 11 (Hinh 2.9).
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- Khéi tao quan thé ban dau P
- Khi tao quan thé lich st oldP

v

Danh gia quan thé P bing ham thich nghi

»
L

Chon loc - 1 v

- Binh nghta lai quan thé oldP dwa trén P
- Sap xép ngau nhién lai quan thé oldP

Dot bién v
Tinh toan quan thé& do6t bién dwa trén P va oldP

Ghép chéo v

- Khéi tao ma tréan ghép chéo nhij phan

- Thay ddi ngau nhién gia tri ma tran

- Ghép chéo quan thé ddt bién véi quan thé P
dwa vao ma tran ghép chép

Chonloc - I v

- Banh gia quan th& mai bang ham thich nghi
- Cap nhat c4c ca thé tét vao quan thé P

| Théhé=¥héhé+1 |

Thé hé > Thé hémax

Bung

| Xuét két qua (ca thé tét nhat trong quan thé P) |

Két thuc

Hinh 2. 10. Giai thuat BSA.

(1) Khéi tao quan thé: Chon ngau nhién mot quan thé ca thé ban dau P Ia
{x3 X2, ..., XY}. Khi d6, mbi cé4 thé twong wng véi mot gia tri ham muc tiéu £(X}Y),
va quan thé tuong Ung v&i tap gia tri ham muc tiéu {f (X), f (X2), ..., fF(X))}. Bén
canh khoi tao quan thé ban dau, BSA ciing khéi tao mot quan thé lich st (oldP) twong
tu nhu quan thé P dé dinh huéng tim kiém. Dat vong 1ip k = 0, di chuyén dén budc
tiép theo.

(2) Chon loc - I: Quan thé oldP duoc dinh nghia lai bang céach thay thé bang

mot vai c& thé duoc 1ay ngau nhién tir quan thé P. Sau d6 cac ca thé cua quan thé oldP
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duoc sap xép lai thir tw mot cach ngau nhién.
(3) Pot bién: Khdng gidng nhw GA, Qua trinh dot bién cia BSA tao ra dang
quan thé Mutant dwa trén mot phan caa kinh nghiém tir cac thé hé trudée.
Mutant = P + F(oldP — P) (2.20)

Trong biéu thtc (2.20), F 1a mot ham phan phéi chuan (F = 3.rand) diéu khién
bién d6 cua ma tran hudng tim kiém.

(4) Ghép chéo: Qua trinh chéo ciia BSA tao ra dang quan thé cudi ciing. Qua
trinh ghép chéo ciia BSA c6 hai bude. Bude dau tién tinh toan mot ma tran nhi phan
(map) c6 kich thuéc bang kich thudc quan thé. Dya trén gia tri cia map, hai quan thé
Mutant va P s& duoc ghép chéo véi nhau va tao ra quan thé méi.

(5) Chon loc - II: Quﬁn thé méi tao ra duge tinh toan gia tr1 ham thich nghi va
néu ca thé nao tot hon s& duoc sir dung thay thé ca thé twong (g trong quan thé P.

(6) Néu cac diéu kién hoi tu dugc thoa mén, thuat toan s& dugc dung lai nguoc
lai thuat toan s& quay lai budc (2) va tiép tuc thyc hién cac budc tiép theo.

Tuong tu nhu GA, BSA ciing dugc xdy dung dya trén cac co ché tién hoa. Tuy
nhién, so vdi GA, BSA sir dung it thong sd diéu khién hon. Trong khi qua trinh hoat
dong ctia GA bi anh hudng bdi cac thong s6 nhu ti 1& chon loc, dot bién, ghép chéo,
thi BSA chi phu thudc vao théng sé diéu chinh gia tri ctia ma tran ghép chéo cua hai
quan thé.

2.4. Kétluin

Bai toan tai ciu hinh LDPP giam ton that cong suat di duogc gidi bang hai nhom
phuong phap chinh heuristic va heuristic tong quat. Trong d6, phuong phap heuristic
1a phuwong phap tim kiém dwa trén céc tri thirc kinh nghiém, cac phuong phép thir sai
dé tim cac giai phap c6 thé chap nhan dugc trong khoang thoi gian hop 1y. Nhung 1d
rang di voi cac phuong phap nay, khong co su dam bao cho mét giai phap tot nhét
duoc tim théy. Ngoai ra, do dugc xay dung dua trén tung tri thire kinh nghi¢ém cu thé,
nén hau hét cac phuong phap nay thuong duoc thiét ké cho ting bai toan cu thé. D6i
v6i bai toan tai cdu hinh LDPP, chii yéu cac phuong phap heuristic dugc xay dung

dé giai bai toan giam ton thit cong suat. Trong truong hop, thay doi ham muc tiéu,
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cac phuong phap trén khong con phi hop. Phuong phap heuristic tong quat 1a phuong
phap tim kiém dua trén cac tri thirc tong quat va c6 thé dugc ap dung cho nhiéu loai
bai toan khac nhau. Hau hét cac phuwong phap nay duoc xdy dung dya trén cac ¥ tudng
tr tr nhién. GA dua trén thuyét tién hoa cua Darwin, PSO dua trén tap tinh bﬁy dan
ctia mot sd loai chim, GSA dua trén hai dinh luat ciia Newton, .... Mic du cdc nha
nghién ctru ludn ¢ ging tim ra cac giai thuat tét hon, nhung rd rang phai thira nhan
rang khong c6 mot giai thuat ndo 1a hoan thién, co nhiing giai thuat cho két qua tot
hon giai thuat khac & bai toan nay nhung lai cho két qua xau hon giai thuat khac ¢
bai toan khac. Vi vy, viéc tim ra cac giai thuat phi hop nhéat cho mét bai toan cu thé
van can duoc quan tdm. Hon nira, do cac bién diéu khién cta bai toan la trang thai
ctia cac khoa dién trén LDPP, do d6 viéc nghién ctru phuong phap mi héa céc bién
diéu khién nay khi st dung cic thuat toan heuristic tong quat cé y nghia quan trong
trong viéc phat huy hiéu qua cua cac thuat todn. Ngoai ra, bén canh bai toan tai cAu
hinh giam t6n that cong sut, bai toan tai cau hinh c6 thé anh huéng dén cac thong sd
ky thuat khac cia ludi dién. Vi vay, luan an s@ tap trung xay dung phuong phap giai
hai bai toan trén.

Su xuat hién cia DG trén LDPP ¢6 anh hudng dén két qua bai toan tai cdu hinh.
Vi vay, ludn 4n ciing tap trung xay dung phuong phép tai cau hinh két hop véi toi uu
vi tri va cong suit cuia DG. Thong qua d6 danh gia dugc anh hudng ciia DG dén bai
toan tai cu hinh.

Tir bai toan tai cdu hinh giam t6n that cong suit von 1a mé dun chinh cia bai
toan tai ciu hinh, luan 4n xay dung phuong phép tai cdu hinh LBPP c6 lap dit DG

giam t6n that ning luong vi dy 14 bai toan thuc té trong qua trinh van hanh LDPP.
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Chuong 3
TAI CAU HINH LPPP SU DUNG CAC GIAI THUAT

TIM KIEM TOI UU

3.1. Giéi thi¢u

Nhu d3 trinh bay & chuong mét, ké tir khi duoc dé xuét 1an ddu tién vao nim
1975, bai toan tai ciu hinh LDPP di duoc tiép can bang nhiéu phuong phap khac
nhau. Trang thai dong/mé cua cac khoa dién trén LDPP 1a bién diéu khién chinh cua
bai toan tai cAu hinh LDPP. Ngoai ra, vi tri va dung luong cac tram bién ap ¢ dau
xuat tuyén, sd luong, vi tri, cong sudt cta tu bu, may phat phan tan cling duoc xem
xét nhu cac bién diéu khién trong mot sd bai toan tai cau hinh ludi phan phdi. Cac
muc tiéu c6 thé co trong bai todn tai cau hinh ludi phan phdi bao gdm cyc tiéu chi phi
van hanh, chi phi dau tu, ton hao déng, nang cao d6 tin cdy va anh hudng dén méi
truong. O goc do toi vu hoa, bai toan tai cdu hinh LDPP ¢6 rang budc cao, kich thudc
bai toan 16n, phi tuyén. .. voi nhiéu cuc tri dia phuong. Vi vay, tim kiém cac 10i giai
gan toi wu cho bai toan tai cau hinh 1a mot thach thirc va ciing 13 nhu ciu thiét yéu
trong nghién ctiru hé théng dién phan phdi. Cho dén nay, c6 rt nhiéu phuong phap
duogc st dung dé giai bai toan, chung co thé dugc phan thanh hai nhém chinh: Phuong
phap heuristic va phuong phap heuristic tong quat.

Phuong phap heuristic dua trén cac tiéu chi k¥ thuat, & d6 khong sir dung bat ky
thuat toan toi vu hoa, nhung cd ging dé tim mot giai phap tét boi mot chién luge ki
thuat. Phuong phap trao doi nhanh 1a chién lugc k¥ thuat pho bién nhat da duoc ap
dung cho bai toan t6i wu hé théng dién phan phdi. Nhém thir hai 1a st dung cac
phuong phap heuristic tong quat. Cho dén nay, day la nhém phuong phap hiéu qua
va pho bién nhat trong viéc giai bai toan tai cdu hinh néi riéng va cac bai toan lién
quan dén t6i wu hoa hé thong dién phan phdi néi chung. Cac phuong phap nay khong
co yéu cau dic biét nao vé su khac nhau, tinh lién tuc, 16i 16m ctia ham muc tiéu va
hiéu qua trong viéc xur 1y cac rang budc, tdi vu rdi rac va nhiéu huéng. Tuy nhién,

nhimg han ché cta cac phuong phap nay 1a c6 thé hoi tu vao cuc tri dia phuong thay
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vi cuc tri toan cuc. Do d6, mdi quan tAm chinh cua cac nha nghién ctru trong nhom
phuong phap nay 1a khic phuc van dé hoi tu sém ciia cac phuong phap heuristic tong
quat.

Vi vay, trong chuong ndy mot sé phwong phap giai bai toan tai cau hinh LDPP
dua trén cac thuat toan heuristic tong quat bao gdm thuit toan CSA 14y ¥ tudng tir tip
tinh ky sinh nudi dudng cua mot sé loai chim tu hd, thut todn heuristic tong quat
RRA lay ¥ tudng tir viéc nhan gidng qua than cia mot sé loai thuc vat c6 than bo lan,
thuat toan PSO lay y tuong tir tap tinh tim kiém thtic an theo bay dan cua cac loai
chim va thuét toan GA dua trén cac co ché tién hoa duoc st dung dé giai bai toan tai
cAu hinh LDPP giam ton thit cong suét tic dung va bai toan tai cdu hinh LDPP da
muc tiéu.

3.2. Tai cAu hinh LDPP giam ton that cong suit
3.2.1. M@ hinh bai toan

Trén LDPP duoc trang bi hai loai khoa dién thuong dong va thuong mé. Khi
diéu kién van hanh dugc yéu cau thay doi, tai ciu hinh ludi duoc thuc hién théng qua
viéc thay ddi trang thai déng/ma cua hai loai khoa dién trén dé dap ung cac muc tiéu
cu thé. Thong thuong, cac bién diéu khién cua bai toan tai cau hinh I trang théi
dong/mé cua hai loai khoa trén. Tuy nhién, c6 thé coi vi tri cia cac khda mé nhu 1a
c4c bién diéu khién boi vi s6 luong khda mé dé giit cho cau hinh ludi hinh tia ludn
lubn 1a hang s6. Hon nita, dé tim cau hinh ludi dién tot nhat, bai toan phan b cong
suit can duoc giai dé tim dong dién trén cac nhanh, dién p tai cac nat,... Vi vay, Cac
thong s6 nhu dién tro va dién khang cua duong day, kha ning mang tai cua dudng
day, céng suit tac dung va phan khang tai mdi ndt tai dugc xem nhu 1a dir lidu dau
VAo cua bai toan tai cau hinh.
3.2.1.1. Ham muc tiéu

LDPP thuong dugc van hanh & cip dién ap thip so voi ludi truyén tai nén ton
that cong suat trén LDPP 16n vao khoang 13% tong cong suat phat [2]. Vi vay giam
t6n that cong suit trén LDPP 1a mot van dé& quan trong trong qué trinh van hanh

LDPP. Mot trong nhitng wu diém 16n nhét cta bién phap tai cdu hinh LDPP 14 giam
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t6n that cong suat. Ton that cdng suit (AP) cua cAu hinh ludi X duoc xac dinh bang

tong ton thit cong sudt trén cac nhanh:

2
AP = Z R; X <P1VL2QI> (3.1)

Trong d6, Nbr 14 tong s6 nhanh trén ludi phan phdi. Ri 14 tong trd ciia nhanh thi
i, Pi va Qi 1an luot 13 cong suét tac dung va phan khang trén nhanh i, Vi 1a dién ap
cudi nhanh it
3.2.1.2. Piéu kién rang budc
Phén bd cong suat: Trong bai toan tai cau hinh, phuong trinh phan bo cong suat
phi tuyén duoc xem nhur mét rang budc dang thirc clia bai toan:
{Pj = X" ViViYecos(8; — 8 — Oj1)

. (3.2)
Q; = Y bus Vijijsm(c?j — 6 — 9jk)

Trong do, P; va Q; lan Iuot la céng suét tac dung va phan khang bom vao nut j.
Vj, 6; va Vy, 6 lan luot 14 bién do ap trong don vi twong ddi va goc pha trong don vi
radian cua dién ap tai nit j va k. Yj, va 6, 1an luot Ia bién do va goc pha tong dan
giita j va k. Nbus la tong sb ndt trong hé thong.

Gidi han dién ap cac nut va dong dién trén cac nhanh: Trong sudt qué trinh thuc

hién tai ciu hinh, céc rang budc vé van hanh phai dugc dam bao:
Vininep S Vi < Vinax,ep 01 ] = 1,2,..Nbus (3.3)
0 <1I; < lpaxep; V6ii = 1,2,..Nbr (3.4)

CAu hinh lué6i hinh tia cia LDPP: Do LDPP luén dugc van hanh hinh tia, nén
day dugc xem nhu mot trong nhitng rang budc dang thirc cia bai toan. Trong rang
budc nay, tat ca cic nat tai phai duoc cap dién va cu hinh van hanh hinh tia phai
dugc duy tri.

3.2.2. Phwong phap giai bai toan
3.2.2.1. Thuat toan Cuckoo Search
Thuat toan CSA duoc phat trién bai Yang and Deb [88], ¥ tudng cta thuit toan
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dua trén tap tinh ky sinh nudi dudng cua mot sé loai chim tu hu. Dy 1a loai chim
khong c6 kha nang nudi con ma chiing duy tri noi giong bang cach dé tring nhd trong
t6 ctia cac loai chim khéc c6 trimg twong ty vé mau sac va kich thude. Sau khi dugc
ap, chim non ti hi nhanh chéng loai bo chim non hodc trimg cua chim khac dé doc
chiém ngudn thtrc an tir chim b me nuéi. Tuy nhién, khi dé nho trimg vao t6 cta cac
loai chim khéc, chim tu hu cling c6 nguy co bi chim khéc phat hién ra triing la va loai
bo. Dé xay dung thuat toan tim kiém tdi wu dua trén tap tinh ciia loai chim nay, Yang
va Deb sir dung ba nguyén tic sau [88], [89]:

(1) Mbi chim tu ht dé mét tring tai mot thoi diém vao mot té ngiu nhién cua
loai chim khac. S6 t6 cua loai chim khac duoc giit ¢d dinh. Trong d6, mdi trimg cta
chim tu hu duoc xem nhu mot giai phap cho bai toan can tdi uu.

(2) T6 chim c6 tring t6t nhét s& dugc s& dugc duy tri qua thé hé tiép theo.

(3) S6 luong t6 chim 14 ¢6 dinh va chim bd me c6 thé phat hién ra tring la trong
t6 cia minh vé6i xac suat P, € [0, 1]. Trong truong hop nay, né cé thé loai bo trimg la
ra khoi t6 hodc bo t6 va xay mot td moi & mot vi tri moi.
3.2.2.2. Ap dung thuit toan CSA giai bai toan tai cAu hinh LDPP

Dua trén ba nguyén téc trén, phuong phap tai cu hinh LDPP giam ton that cong
suét str dung CSA duogc thuc hién nhu sau:

Buoc 1: Xac dinh cac vong co so chira cdc khoa dién

bé duy tri cAu hinh luéi hinh tia, sb luong khdéa mo trong qua trinh thyc hién tai
cAu hinh phai luén dugc gitr ¢ dinh va duogc xé4c dinh nhu sau:

Nis = Ny — (Npys — Nis) (35)

Trong do, Nts, Nor, Nbus Va Nss lan luot 1a sb lugng khoa mo, s6 nhanh, sb nat va
sd nit ngudn trong hé théng phan phdi.

Dbi véi cac giai thuat heuristic tong quat dua trén quan thé, quan thé cic ca thé
ban dau duoc khéi tao ngﬁu nhién. Trong do, mdi ca thé 12 mot cau hinh ludi, didu
nay din dén sé& c6 rat nhiéu cau hinh ludi khong thoa man cau hinh hinh tia nhét 1a
d6i voi cac hé thong trung binh va 16n vén c6 rat nhiéu khoa dién. Vi vay, viéc gi6i

han khong gian tim ki€ém cac khoa dién c6 ¥ nghia quan trong nham nang cao hi¢u
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qua cua cac phuong phéap heuristic tong quat.

Sy két ndi cia LDPP bao gom B nhanh va N nit ¢ thé dugc thé hién bang mot
ma tran A c6 kich thude (B x N). Trong do, moi hang ctia ma tran dai dién cho mot
nhanh va mdi cot ctia ma tran dai dién cho mot nat. Trong ma tran nay, gia tri ctia

mdi phan tir duoc xac dinh bang sy két ndi gitta cac nhanh va nat nhu sau [90]:

A; ; = 1,néunhanh i dwoc noi tlr nit j
A;j = —1,néu nhanh i n6i dén nit j (3.6)
A;; = 0,néu nhanh i khong két néi véi nit j

Ngd vao: Ma tran két nbi A cho céu hinh ludi dién ban dau, cac khoa mé ban
dau.
Ng0 ra: Cac vong co s&
For (k: =1 to S6 hwong cdc khéa dién mé) do
Thém khoa mo k vao ma tran A
Sum_column:= téng tri tuyét doi moi phan tir trong moi cét trong ma
tran A.
While (Sum_column jth =1, j=I... N) do
For (i=1to S6 lirgng cdc nhdnh) do
If A(i, ) =1 or -1 then
Xo6a nhanh khoi ma trdan A
End if
End for i
Cdp nhdt tong tri tuyét déi moi phan tir trong moi cdt trong ma trin A.
End while
Luu cac nhanh con lai cua A vao vong co so FL thur k
End for k

Hinh 3. 1. Phuong phap xac dinh cac nhanh trong cac vong co so.

Céc vong co s¢ (Fundamental Loops - FLs) dugc xac dinh dya trén cau hinh kin
cua ludi dién thong qua viéc dong tit ca cac khoa dién mé trén hé thdng. Co thé thiy
rang, so luong khoa mé bang véi sb lugng vong kin [79], [91]. Pé tim cac khoa dién
trong moi vong co sd, tr ma tran A mot khoa dién thuong md dugc dong lai dé tao
thanh mot vong kin. Dua trén ¥ tudng ctia phuong phap duoc dé xuét trong [91], [92],
céc nhanh két nbi vdi cac nit co tong gia tri tuyét doi cac cot tuong (mg trong ma tran
duoc loai ra khdi ma tran A. Qua trinh nay dugc lap lai cho dén khi khong con ton tai

loai ntit nay trong ma tran va cac nhanh cOn lai trong ma tran sé thugc vong kin dang
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xét. Phuong phap xac dinh cac vong co s¢ cua LDPP dugc mo ta dudi dang ma gia
nhu Hinh 3.1.

M3i cAu hinh luéi dién s& bao g@)m mot tap cac khoa dién mo dugce chon ngéu
nhién tir cac vong co so twong Gng. Diéu nay gitip cac giai thuat t6i vu hoa tao ra
nhiéu c4u hinh hop 1¢ (théa mén c4u hinh van hanh hinh tia) trong céc giai doan cia
giai thuat. Tuy nhién, vAn con c6 nhiéu nhanh ton tai chung trong cac vong doc 1ap
[91]. Vi vay, giai thuat kiém tra cau hinh luéi hinh tia van phai dugc sir dung. Khi
d6, d6i voi mdi cdu hinh luéi, ma tran két ndi A duoc xac dinh va cot du tién ciia ma
tran twong Gng v4i nat tham chiéu (nat ngudn) trong hé théng duoc x6a khoi ma tran
dé ma tran A trd thanh mot ma tran vuOng. Thyce nghiém cho théy, néu dinh thtc caa
ma tran vudng bang 1 hodc -1 thi cau hinh ludi dang xét 13 hinh tia [90], [93]. Phuong
phap kiém tra rang budc cdu hinh hinh tia cta luéi dién dugc mo ta dudi dang mi gia

nhu Hinh 3.2.

Input: Mdi cau hinh ludi voi mét tap cac khoa dién mo
Output: Cau hinh ludi 13 hinh tia hay khong
Xdc dinh ma trdn két néi A bao go”‘m cd cdc khéa mé ban dau.
Xéa cot thir nhat ciia ma trdn A.
Xoa hang ciia ma trdn A twong g véi cde khéa mé trong cau hinh dang xét
If (ma tra A la mot ma tran vuong)
Tinh dinh thirc cua ma tran A
If (Dinh thirc ciia ma trgn A =1 or -1)
Output: = Cdu hinh luéi théa méan rang budc hinh tia
Else
output: = Cdu hinh luéi khéng théa mén rang budc hinh tia
End if
Else
Output: = Cdu hinh luéi khéng théa man rang budc hinh tia
End if

Hinh 3. 2. Phuong phép kiém tra cau hinh lu6i hinh tia.
Buoc 2: Xac dinh gioi han lon nhdt va nhé nhat cia méi bién can tim.
Sau khi cac vong co s dugc xéac dinh, gidi han cac bién duoc xac dinh dua trén
s6 luong cac khoa dién trong mdi vong co sé twong Gmg.

Buwoce 3: Khoi tao
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C6 thé thiy rang sb lwong khoa dién mé sau tai cau hinh 1a xac dinh va phai
dugc sir dung nhu 1a cac bién diéu khién cua giai thuat tim kiém t8i wu. Mdi thanh
vién trong quén thé khoi tao ban dau 1a mot cau hinh ludi dién va duge xem nhu mot
td chim. Quﬁn thé N t6 chim duoc thé hién béng:

X, = [SW{, SW .., SW), .., SW}, | véii=1,2,..,N (3.7)

Trong d6, dim 14 kich thudc cua bai toan va bang véi s6 luong khoa dién mo
(Nts), SW 1a khoa mo.

Trong CSA, mdi trimg cta chim tu ha trong mét t6 ciia chim khac loai duoc
xem nhu mot giai phap va dugc tao ngau nhién trong giai doan khoi tao. Tuy nhién,
nghiém ctia bai toan tai cAu hinh LDPP 1a céc gia tri 101 rac nén cac gia tri cua cac
giai phap trong mién lién tuc can dugc diéu chinh vé cac gia tri roi rac bang céach sir
dung phép lam tron s6 (ham round) nhu sau:

X; = round [Swriu'n,d +rand X (SWiaxa — SW,;'u-n’d)] (3.8)

Trong d6, SWi, 4 V& SWiay ¢ 12n Tuot 12 s thir tu nho nhét va 16n nhét cua
cac khoa dién trong vong co s¢ d™ cia LDPP.

Dua trén quan thé ban dau, giai thuat kiém tra cau hinh hinh tia duoc sir dung
dé kiém tra mdi cau hinh ludi. Néu cau hinh hinh tia dugc théa man, phan bd cong
suat bang phuong phap Newton-Raphson dugc st dung dé tim ton that cong suit,
dong dién trén cac nhanh va dién ap cac nit. Luu ¥ rang, néu phan bd cong suat dugc
giai thanh cong nghia 12 rang budc can bang cong suét theo biéu thic (3.2) duoc thoa
man. Khi d6 gia tri ham thich nghi (Fit) dugc tinh toan dya trén ham muc tiéu cia
céu hinh theo biéu thirc (3.1) va cac rang budc vé dién ap cac nit va dong dién nhanh

theo biéu thirc (3.3) va (3.4) nhu sau:

. P?+Q?
Fit = Z’ivzbf R; X (V—2Q> + K; X max(Vmin,Cp — Vinins 0) + K, X max(Vmax —
Vmax,cp» 0) + K3 X maX(kI’max - KI,Cp’ 0) (39)

Trong d6, K1, K2 va K3 1an luot 13 cac hé s6 phat khi cau hinh luéi vi pham cac

rang budc vé thap ap, qua ap va qua tai. Vi, Vipay 18n luot 12 bién do dién ap nho
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nhét va 16n nhét trong cAu hinh ludi dang xét. k; max = max (Si/s, ) 1ahé s6 qua
L,am

tai 16n nhat trong hé thong, k Lep la hé s6 qué tai cho phép trén duong day.

Nguoc lai, néu ciu hinh dang xét 1a mat cAu hinh khong hop 1€ do vi pham mét
trong rang budc cAu hinh hinh tia va can bé’mg cong sut, gia tri ham muyc tiéu s€ dugc
gan mot gia tri vo cung 1on.

Dua trén gia tri ham muc tiéu, t6 chim v&i ham thich nghi tdt nhat duoc xem
nhu t6 chim tot nhat trong quan thé Gbest.

Buée 4: Tao ra gidi phdp méi théng qua phép di chuyén Lévy

Tat ca cac t6 trir tO t6t nhat duoc thay thé dua trén trén chit luong cia trimg
chim tu ht mé&i duoc sinh ra bang phép di chuyén Lévy tir vi tri ban dau cua céc to
nhu sau:

X" = round[Xbest; + a X rand x AX[**"] (3.10)

Trong d6, a > 0 1a thong s6 budc di chuyén, rand 1a gia tri ngau nhién trong
khodang [0, 1] va gia s6 AX*®Y duoc x4c dinh bai biéu thirc:
rand, a,(B)

AXTE = X X (Xbest; — Gbest) (3.11)
/g a '
|rand, | v (B)

Trong d6 randx va randy 13 hai bién phan phdi ngau nhién v&i do léch chuan
0, (B) va o, (B) duogc cho béi:

r(l+p) xsin (@) l/ﬁ

2

0,(B) = < (3.12)
ll"(l-lz_'g)xﬁxz(ﬁT)J

o,(f) =1 (3.13)

Trong d6, B 1a hé sé phan phéi trong khoang (0 < £ < 2) va I' la ham phan
phdi gamma.

Vi quan thé cac t6 chim vira méi duoc tao ra bang phép di chuyén Lévy, giai
thuat kiém tra cdu hinh hinh tia dugc st dung dé kiém mdi cau hinh ludi. Néu ciu

hinh hinh tia dugc théa man, phan bb cong suit bang phuong phap Newton-Raphson
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duogc sir dung dé tim ton thit cong suit, dong dién trén cac nhanh va dién 4p cac nut
va gié tri ham thich nghi dugc tinh toan dua trén biéu thirc (3.9). Nguoc lai, néu ciu
hinh dang xét 1a mot cAu hinh khong hop 1é do vi pham mét trong rang budc ciu hinh
hinh tia va can bang cong suit, gia tri ham muc tiéu s& duoc gan mot gia trj vo cliing
16n.

Dua trén gia tri ham thich nghi, cac t6 chim véi ham thich nghi t6t hon duogc
cap nhat va t6 chim v&i ham thich nghi t6t nhat duge xem nhu t6 chim tot nhét trong
quan thé Gbest.

Budoc 5: Phat hién trung la

Mdi tring chim tu hu khi dé vao to ctia chim khéc loai s& bi phat hién vé1 mdt
x4c sudt Pa. Qua trinh phat hién tring la ctia chim khac loai nay trong CSA ciing tao
ra giai phap moi cho bai toan twong tw nhu phép di chuyén Lévy. Céac trimg sé& dugc
thay thé bang cac trimg khac co chét lugng t6t hon dugc sinh ra thong qua phép di
chuyén ngau nhién so véi vi tri hién hitu cta cac trimg nhu sau:

X" = round[Xbest; + K x AX[**"] (3.13)

Trong do, K 1a h¢ sb cap nhat duoc xac dinh dua trén xac suat chim chu phat

hién ra mot triig la trong t6 cua no:

lif rand <P,
K = a 3.14
{0 otherwise (3.14)
Va gia s6 AX 7" duoc xac dinh boi:
AX*®Y = rand X [randp,(Xbest;) — randp,(Xbest;)] (3.15)

Trong d6, rand 13 s6 ngiu nhién trong khoang [0, 1], randp,(Xbest;) va
randp,(Xbest;) 1a nhidu loan ngiu nhién cta vi tri cac to trong Xbest;. Tuong tu
nhu qué trinh tao ra to mdi bang phép di chuyén Lévy, cac to méi duge danh gia ham
thich nghi va céc rang budc. Sau do, dua trén gia tri ham thich nghi cac td chim véi
ham thich nghi tot hon dugc cap nhat va to chim véi ham thich nghi tot nhat duoc
xem nhu t6 chim tt nhit trong quan thé Gbest.

Buc 6: Piéu kién dirng gidi thudt

Céc budc tao ra trimg mdi va phat hién trang la 1an luot duoc thyc hién cho dén
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khi sé vong lip (Iter) dat dén gia tri 16n nhét cho trudc (Itermax). Luu do cac bude

thuc hién cua phuong phap tai cau hinh LDPP sir dung thuat toan CSA duogc trinh

bay trong Hinh 3.3.

[ Xac dinh cac vong co s& chira cac khéa dign |

| Xac dinh gisi han tim kiém cac khoa dién |

Kh&i tao quan thé N t6 chim ban dau
Xi = round [SWping + rand(SWmax.d - SWiina)]

Tinh ham muyc tiéu: Kiém tra cAu truc hinh tia; Giai bai toan phan
bd cong suat; Tinh gia tri ham thich nghi cho méi td X;; Tim
Xbest,i = Xi, tim Gbest,

v

bat Iter = 1 va chon Py, ltermax

A 4
Tao ra gidi phap méi bang phép di chuyén Lévy
Xinew = round [Xpesti + a X rand X AX; new]

Tinh ham muyc tiéu: Kiém tra cAu truc hinh tia; Giai bai toan phan
bd cong suat; Tinh gia tri ham thich nghi cho méi td X;; Tim
Xbest,i = Xi, tim Gbest,

v

Tao ra gidi phap mai bang phép phat hién tring la
Xi,new = round [xbest,i + K x Axi,new]

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

v

Ilter =Iter + 1

Sai

Iter > Itermax
bung
Xuét két qua Gbest (CAu hinh c6 tén that nhé nhét)

Két thuc

Hinh 3. 3. Luu d6 phuong phap tai cau hinh dya trén thuat toan CSA.
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3.2.3. Vidukiém tra

Dé chimg minh hiéu qua cta phuwong phép tai cau hinh LDPP dya trén CSA,
phuong phép dé nghi duoc ap dung dé téi vu cau hinh ludi trén ba hé théng dién phan
phdi IEEE chuan bao gém 33, 69 va 119 nit. Trong dé, trén cac LDPP mau duoc gia
thiét bo qua ton that cong suat may bién ap va cac khi cu dién trén ludi. Chuong trinh
tai cAu hinh LDPP st dung thuat toan CSA duoc xay dung trén nén Matlab duéi dang
“file.m” va chay tir “Command Window” ctia Matlab. Pé chimg minh hiéu qua cia
phuong phap dua trén CSA, chuong trinh tai ciu hinh LDPP sir dung giai thuat di
truyén sir dung cac bién lién tuc (continous genetic algorithm - CGA) va sir dung giai
thuat toi wu bay dan (PSO) [94] ciing dugc xay dung trén nén Matlab dudi dang
“file.m” va chay trén ciing mot may tinh dé so sanh két qua tai cau hinh trén cac lui
dién khac nhau.

Bang 3. 1. Thong s6 cla céc giai thuat ap dung.

Hé thong 33 va 69 nut 119 nGt
Phuong phap CSA |PSO |CGA |CSA |PSO |[CGA
Kich thudc quan thé (N) 20 20 20 30 30 30
S6 bién can t6i vu (dim) 5 5 5 15 15 15
S6 vong lap 16n nhét (Itermax) [ 200 | 200 | 200 | 2000 | 2000 | 2000
Ti 1€ phat hién trimg la (Pa) 0.2 - - 0.2 - -

Hé s6 C1, Co - 2 - - 2 -

Ti 1€ chon loc (Xkeep) - - 0.5 - - 0.5
Ti 1& d6t bién (Xmutate) - - 02 |- - 0.2
Hé sb phat K1 100 |100 |100 |1000 |1000 | 1000
Hé sb phat Kz 100 |100 |100 |1000 |1000 | 1000
Heé sb phat K3 100 | 100 |100 |1000 |1000 | 1000

Céc thong sb tdi uu cua ba phuong phap duoc lwa chon qua qua trinh thuc
nghiém duoc trinh bay trong Bang 3.1. Trong d6, kich thudc quan thé va s vong lap
duogc chon dya trén quy mo cua LDPP va s6 khoa dién m& can xac dinh. Trong khi

do, cac hé so phat dugc lya chon dua trén gia tri cia ham muc tiéu ban dau do bai
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cac hé s6 phat nay sir dung dé phat khi c6 vi pham rang budc bat dang thirc vé dong
dién, dién ap va két qua mong doi ctia bai toan 1a thu dugc céu hinh ludi cuc tiéu
duoc ton that va it vi pham cac diéu kién rang budc nay nhat. Néu céc hé sb phat nay
c6 gia tri qua 16n so vé6i gia tri ham muc tiéu can t6i wu s& din dén thuat toan khong
hoi tu do anh hudng cua giad tri ham muyc ti€u 1én ham thich nghi qua bé. Nguoc lai,
néu gid trj cac hé sb phat qua nho co6 thé din dén cac rang budc nay bi bo qua. Dua
trén phan tich trén va két qua thuc nghiém nhiéu lan, cac hé sé phat cho ba LDPP
mau dugc chon nhu trong Bang 3. 2. Bén canh do, két qua thuc hién ciling duoc so
sanh voi két qua tinh toan sir dung phan mém thwong mai tinh toan va phén tich luéi
dién phan phdi (Power System Simulator/Advanced Distribution Engineering
Productivity Tool - PSS/ADEPT) duoc trinh bay chi tiét & Phu luc 1.

3.2.3.1. Luwo¢idién 33 nut

LDPP 33 nit c¢6 cap dién ap 12.66 kV, 1a mot ludi dién quy mé twong dbi nhod
bao gdm 37 nhanh, 32 khoa dién thudng dong va 5 khoa thuong mé. Thong sb nhanh
va nit cta ludi duoc cho & Phu luc 2 va Phu lyc 3 [22]. Tong cong suat ctia hé thong
14 3.72 +j2.3 MVA. So dd don tuyén caa hé thdng duoc cho & Hinh 3.4. Dong dién
dinh muc cua cac nhanh la 255 A.

Két qua thuc hién ba phuong phap CSA, PSO va CGA trén ludi dién 33 nut
dugc trinh bay trong Bang 3.2. Sau khi thuc hién tai ciu hinh, t6n that cong sut giam
tir 202.69 kW xudng 139.55 kW va bién do dién ap nho nhat trén hé théng da tang tir
0.91081 p.u. &én 0.9378 p.u. vdi cac khoa dién mo {7, 14, 9, 32 va 37}. Két qua nay
hoan toan tuong tu véi két qua thuc hién bang cac phuwong phap GA, RGA, TAICA
va phan mém PSS/ADEPT va t6t hon két qua thyuc hién bang cac phuong phap FWA,
ITS va HSA. Hinh 3.5 cho thy hau hét bién do dién ap cac nut duoc cai thién dang
ké so v&i trurde khi thyre hién tai cau hinh. Hinh 3.6 cho thay sau khi thyc hién tai cau
hinh, khong c6 nhanh nao bi qua tai.

Béng 3.3 so sanh gia tri 16n nhat, bé nhat va trung binh, d6 léch chuan (Standard
Deviation - STD) cua ham thich nghi cta ba phuong phap CSA, PSO va CGA trong
50 1an thuc hién doc 1ap. Bang 3.2 va Bang 3.3 cho thidy mic du ca ba phuong phap
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déu tim duoc cdu hinh c6 ton thit cong sudt nho nhat. Tuy nhién gia trj trung binh
ctia CSA va CGA nho hon so véi PSO. Trén luéi dién 33 nut, sé vong lap trung binh
ctia CSA dé tim ra cdu hinh t8i wu va thoi gian thuc hién dugc so sanh tuong ddi 1a
16n hon dang ké so voi PSO va CGA. Hinh 3.7 cho thy dic tinh hi tu trung binh
ctia CSA tét hon hén so véi PSO.

i18

Hinh 3. 4. LBPP IEEE 33 nt.

Bang 3. 2. Két qua thuc hién trén ludi dién 33 nit.

Phuong phap Khoa mo AP (kW) Vmin,(p.u.)
(nat)
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 [95] 7,9, 14, 28, 32 139.98 0.9412 (32)
GA [96] 7,9, 14,32, 37 139.55 0.9378 (32)
RGA [7] 7,9,14,32,37 139.55 0.9378 (32)
ITS [96] 7,9, 14, 36, 37 142.17 0.9336 (33)
HSA [96] 7,10, 14, 28, 36 142.43 0.9377 (33)
IAICA [97] 7,9, 14, 32, 37 139.55 0.9378 (32)
PSS/ADEPT 7,9, 14, 32, 37 139.55 0.9378 (32)
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Bang 3. 3. Két qua so sanh CSA, PSO va CGA trén luéi 33 nut trong 50 1an chay.

Phuong Ham thich nghi Vong lap hoi tu 'gihac::
phdp | Max. | Min. | Mean | STD | Max. | Min. | Mean | STD ©)
CSA 140.77 | 140.77 | 140.77 0 142 12 96 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| 164
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Hinh 3. 5. Dién ap cac nit trudc va sau tai cau hinh trén luéi dién 33 nit.
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Hinh 3. 6. Hé s6 mang tai trén cac nhanh trudc va sau khi tai cau hinh trén luéi dién

33 nut.
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Hinh 3. 7. Dic tinh hoi tu ciia CSA, PSO va CGA trén ludi dién 33 nit.
3.2.3.2. Luwéi dién 69 nit

Luéi dién 69 nat c6 cdp dién ap 12.66 kV, 1a ludi dién trung binh bao gém 69
nat, 73 nhanh, 5 khoa dién thuong mé. Tong cong sudt phu tai 3.802 MW + j2.696
MVAr, théng sé nhanh va nit duoc cho ¢ Phu luc 4 va Phy luc 5 [98]. Khi rang budc
dong dién khong dugce xem xét c6 thé dan dén ton tai nhitng duong day bi qua tai sau
khi thyc hién tai cAu hinh. Tuy nhién, trén LDPP 69 nut, do khong c6 s6 lidu vé gidi
han dong dién trén cac nhanh nén dé so sanh phuong phap dé xuit voi cac nghién ctru
d3a cong bd, diéu kién rang budc dong dién gia thiét dugce b qua hay viéc thay doi
cAu hinh van hanh trén ludi dién 69 nat khong lam qua tai bat ky duong day nao. O
diéu kién van hanh binh thuong, cac khéa dién {69, 70, 71, 72, and 73} duoc mé
nhu Hinh 3.8.

Sau khi thuc hién tai cau hinh, cac khoa dién {14, 57, 61, 69 va 70} duoc mé&
v6i t6n thit cong suit duge giam tir 224.95 kW xubng 98.59 KW va bién d6 dién ap
nut thap nhét trong hé thong ting tir 0.9092 p.u dén 0.9495 p.u. sau khi tai cAu hinh.
Béng 3.4 cho thay két qua tinh toan twong tu v6i két qua thyuc hién bang cac phuong
phap FWA, TAICA va phan mém PSS/ADEPT va tot hon két qua thuc hién bang cac
phuong phap HSA. Hinh 3.9 cho thay hau hét bién d6 dién ap cac nit da duoc cai

thién dang ké so voi1 cau hinh luéi ban dau.
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Hinh 3. 8. Ludi dién IEEE 69 nit.
Bang 3. 4. Két qua thyc hién trén ludi phan phdi 69 nit.

Phuong phap Khéa mo AP (kW) Vmin (p.u.) (nat)
Ban dau 69, 70, 71, 72, 73 224.95 0.9092
CSA 69, 70, 14, 57, 61 98.59 0.9495 (61)
PSO 69, 70, 14, 57, 61 98.59 0.9495 (61)
CGA 69, 70, 14, 57, 61 98.59 0.9495 (61)
FWA [40] 14, 56, 61, 69, 70 98.59 0.9495 (61)
HSA [39] 13, 18, 56, 61, 69 105.19 0.9495 (61)
IAICA [97] 69, 70, 14, 57, 61 98.59 0.9495 (61)
PSS/ADEPT 69, 70, 14, 57, 61 98.59 0.9495 (61)

Két qua so sanh ba phwong phap CSA, PSO va CGA trong 50 1an thyc hién doc
lap duoc trinh bay trong Bang 3.5 va dic tuyén hoi tu trung binh ciia ba phuong phap
dugc cho ¢ Hinh 3.10. Két qua cho thiy két qua thu duoc khi sir dung CSA va CGA
1a gan twong tu nhau, trong khi CSA t6t hon hin PSO vé gia tri trung binh sau 50 1an

thuc hién ddc 1ap.
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bién dp (p.u.)

Hinh 3. 9. Dién ap cac nut trén ludi dién 69 nut trude va sau tai cau hinh.
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Bang 3. 5. Két qua so sanh CSA, PSO va CGA trén ludi 69 nut trong 50 lan chay.

Phuong Ham thich nghi Vong lap hoi tu Thoi
phap . _ gian
Max. | Min. | Mean | STD | Max. | Min. | Mean | STD )
CSA 98.83 | 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| 448 | 33.28 | 21.85
CGA 98.64 | 98.64 | 98.64 0 87 22 | 48.35| 19.31 | 27.36
240 l T T T T T
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Hinh 3. 10. Bac tinh hdi tu cia CSA, PSO va CGA trén ludi dién 69 nut.
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3.2.3.3. Lwd¢i dién 119 nat

LDPP 119 ndt (Hinh 3.11) ¢6 cép dién ap 11 kV, 1a hé théng phan phbi 16n bao
gém 118 khoa dién thuong dong va 15 khoa dién thuong md. Tong phu tai cua hé
thng 1a 22,709.7 + j17,041.1 kVAr, thong s6 nhanh va nit cta ludi dugc cho ¢ Phu
luc 6 va Phu luc 7 [44]. Cau hinh ban d4u c6 t6n that cong suat 1273.45 KW va bién
d6 dién ap nat thap nhit 13 0.8678 p.u. Tuong tu LDPP 69 nit, do khong du théng sb
vé dong dién dinh murc trén cac nhanh nén dé so sanh két qua thyc hién ctia phuong
phap dé xuét vai cac nghién ctru di cong bo, diéu kién rang budc dong dién trén LDPP
119 nat ciing gia thiét duoc bo qua.
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Hinh 3. 11. So d6 don tuyén luéi dién IEEE 119 nit.
Két qua tai cdu hinh st dung ba phwong phap duoc trinh bay trong Bang 3.6.
Sau khi thyc hién tai cau hinh bang CSA t6n that cong suat giam tir 1273.45 kW

xué)ng 855.04 kW. Bién d6 dién ap cac nat dugc cai thién dang ké sau khi thuc hién
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tai ciu hinh (Hinh 3.12) v&i bién do dién ap nut thap nhat duogc cai thién dén 0.9298

p.u. Bang 3.6 ciling cho thiy, CSA cho két qua t6t hon CGA, PSO, ITS, MTS va phan

mém PSS/ADEPT. Két qua thyc hién tai ciu hinh khi str dung PSS/ADEPT thu dugc

cAu hinh c6 ton that cong suat 881.40 kW, cao hon 26.36 kW so véi phuong phap

CSA. Piéu nay cho thay hiéu qua ctia phuong phap dé nghi trén cac LDPP 16n.
Bang 3. 6. Két qua thuc hién trén ludi phan phdi 119 nit.

Phuong phap Khdéa mé AP (KW) len,(p.u.)
(nut)
118, 119, 120, 121, 122, 123, 124,
Ban diu 125, 126, 127, 128, 129, 130, 131, | 127345 | 0.8678 (77)
132
CSA 42, 25, 23, 121, 50, 58, 39, 95, 71, 855.04 0.9298 (111)

74,97, 129, 130, 109, 34

26, 11, 22 121, 50, 58, 8, 95, 72,
o0 127, 128, 82, 130, 109, 132 973.98 0.9296 (111)

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

42, 26, 23, 51, 122, 58, 39, 95, 71,

ITS [44] 74,97, 129, 130, 109, 34

867.4 0.9298 (111)

42, 26, 23, 51, 122, 58, 39, 95, 71,
MTS [90] 7497 126, 130, 109, 34 867.4 0.9298 (111)

42, 25, 23, 121, 50, 58, 39, 95, 71,
FWA [95] 74. 97 129, 130, 109, 34 855.04 0.9298 (111)

23, 25, 34, 39, 42, 50, 61, 71, 73,

PSS/ADEPT 76, 82. 109, 121, 125, 130

881.40 0.9296 (111)

Béng 3.7 so sanh gi4 tri 16n nhat, nho nhat, trung binh ctia ham thich nghi, vong
1ap hoi tu va thoi gian tinh toan cua ba phuong phap thuc hién trén hé théng 119 nut.
Két qua cho thdy, trén hé théng phan phdi 16n, giai thuat CSA thu dugc két qua t6i
ru hon so v6i PSO va CGA. Tuong tu nhu hé thong 33 va 69 nut, trén hé théng 16n
119 nat, PSO hdi tu sém nhat, sau d6 dén CGA nhung 1o rang ca hai diém hoi tu nay

déu khong phai 1a giai phap tdi wu toan cuc. CSA tuy hodi tu chdm hon hai phuong
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phap ké trén nhung giai phap thu duoc 1a giai phap tdi vu nhat. Diéu nay cang duoc
thé hién rd trong Hinh 3.13 v&i cac dudng dic tuyén hoi ty trung binh ctia ba phuong
phap. V& mit thoi gian tinh todn twong ddi, rd rang do phai tinh todn ham thich nghi
hai 14n so véi PSO va CGA, nghia 1a phai giai bai toan phan bd cong suét hai lan
trong mot vong ldp nén thoi gian tinh toan ctia CSA 16n hon nhiéu so véi PSO va

CGA.

Bang 3. 7. Két qua thuc hién trén luéi phan phdi 119 nut trong 20 lan chay.

Ham thich nghi Vong lap hoi tu Thoi
gian

(s)

Phuong
phap Max. | Min. | Mean | STD | Max. | Min. | Mean | STD

CSA 904.02 | 875.29 |880.76 |9.28 |1745 |519 |1077 |289 |7122

PSO 1508 994.39 | 1128.2 | 2154 (863 |315 |621 |204 |649

CGA 899.79 |887.26 | 894.87 | 4.6 1650 | 381 | 1075 |512 | 3057
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Hinh 3. 12. Dién 4p cac nit trén ludi 119 nat trudc va sau tai cau hinh sir dung

CSA, PSO va CGA.
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Hinh 3. 13. Déc tinh hoi tu cia CSA, PSO va CGA trén hé théng 119 nut.
3.3. Tai cdu hinh LDPP da muc tiéu
3.3.1. MO0 hinh bai toan

Nhu di dé cap ¢ chuong 2, qua trinh tai cau hinh khéng chi anh huéng dén ton
that cong suat ma con anh hudng dén nhiéu yéu té khac cia LDPP nhu dién &p céc
n(t, can bang tai giita cac nhanh, gitra cac xuat tuyén,.... Vi vay, trong phan nay, muc
tiéu ciia bai toan tai cau hinh duogc xem xét bao gom cuc tiéu ton that cong suat tac
dung, sé 1an van hanh khoa va do léch dién ap cac nut, cai thién su can bang tai giira
cac nhanh, gitra cac xuat tuyén. M&i ham muyc tiéu thanh phan dugc miéu ta chi tiét

nhu sau:

3.3.1.1. Tén that cong suit tac dung

Giam ton that céng suat 1a mot trong nhitng muc tiéu chinh cua bai toan tai cau
hinh @ g6p phan giam chi phi van hanh. Téng ton that cong suat caa cau hinh X duoc
xéc dinh bang téng ton that trén cac nhanh nhu biéu thic (3.1).
3.3.1.2. Can bang tai giira cAc nhanh (LBI)

Dé dam bao sy can bang tai trén cac nhanh caa LDPP, chi s6 LBI dugc xem nhu

mot muc tiéu cua bai toan tai ciu hinh. LBI caa cdu hinh X duoc tinh toan nhu sau
[99], [100]:
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I I I; I
LBI = var |— R — Nbr (3.16)

) ) ")
Il,max IZ,max Ii,max INbr,max

Iy

Trong d6, var duoc goi 1a phuong sai (binh phuong dé 1éch chuan), la ti

s6 gitta dong dién trén nhanh i va dong dién dinh muc cia nhanh do.
3.3.1.3. Can bang tai giira cac xuat tuyén (LBF)

Can bang tai giita c4c xuat tuyén ciing duoc xem nhu mét trong nhitng muc tiéu
chinh cua bai toan tai cau hinh nham muc dich chuyén mot phan tai tir cac xuat tuyén
mang tai nang sang cac xuat tuyén mang tai it hon. Chi s6 LBF ciia cau hinh X duoc
tinh toan nhu sau:

LBF = Uar[lp'l, IF,Z’ "'IF,j""’IF,NF] (317)

Trong do, Ir ; la dong dién cung cap trén xuat tuyén j, NF 1a s6 luong xuat tuyén
trong hé thong.
3.3.1.4. So lan van hanh khoa (NSW)

Dé giam chi phi van hanh, trong qu4 trinh thyc hién tai cu hinh giam s 1an van
hanh khoa dugc xem nhu mot ham muc ti€éu quan trong. NSW cua cu hinh X duoc
xac dinh nhu sau [100]:

NSW = ZX¥7[So,; = Sil (3.18)

Trong d6, Sy; va S; 1a trang thai trude va sau cua khoa dién i khi thyc hién tai
cau hinh.
3.3.1.5. Do léch dién ap nat (AV)

Pé nang cao chat lugng dién, cuc tiéu do léch dién &p Ion nhat trong hé thong
la mot muc tiéu quan trong cua bai todn tai ciu hinh. AV cua cdu hinh X duoc tinh
todn nhu sau:

AV = Vier = Viminx (3.19)

Trong d6, Vi Va Viinex) lan luot 13 bién d6 dién 4p ctia nit ngudn va nat cd

dién ap thap nhat ctia cau hinh X trong hé thng tinh trong don vi twong doi.
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3.3.1.6. Ham muc tiéu

Trong nghién ciru nay, phuong phap max-min dugc st dung dé chon giai phap
thoa hiép (final compromise solution - FCS) [100], [101], [102]. Trong phuong phap
nay, moi ham thanh vién (membership function - MF) dai dién cho mot bién c6 gia
trj trong khoang [0, 1]. Muc dich ctia bai toan tai ciu hinh 13 tim ra mot c4u hinh ludi
moi ¢d gid tri ham muc ti€u dat ra tdt hon cAu hinh ban dau. Vi vay, gia tri 1on nhét
ctia cac ham muc tiéu thanh vién F/*** duoc tinh toan dya trén cdu hinh ludi ban dau.
Trong khi d6, gi4 tri nhé nhat ciia mdi ham muc tiéu thanh vién F™" duoc xac dinh
dya trén bai toan tai cdu hinh don muc tiéu v6i ham muyc tiéu 1an luot 1a cac him muyc

tiéu thanh vién [100], [101]. Mdi ham thanh vién dugc thé hién nhu sau:

If 1, F, < Fmin
4 F}:nax — Fy (X) min max
MF, = e pmin M < F, < Fy (3.20)
k — Tk
0, F,(X) = F*v*

Trong do, gia tri cua Fy, 1, V61 (K = 1,2 ...,5) duogc tinh toan tir bai toan tai céu
hinh str dung tirng ham don muc tiéu k™. Gi4 tri Fi max dugc tinh todn dua trén cau

hinh luéi ban dau.

MF, MF, MFs MF, MFs

1 1 1 1 1

0.55 0.5 065 0.5

0.3
0 0 0 0 0
APmin APO AP (kW) LBImin LBIO LBI LBFmin LBFO LBF 2 NSWmax NSW AVmin AVO AV
Hinh 3. 14. Cac ham thanh vién

Ham thanh vién ciia cic ham muyc tiéu t6n that cong suat, chi sé can bang tai
giita cac nhanh, chi sb can bang tai giita cac xuat tuyén, s6 1an van hanh khoa va do
léch dién 4p nut duoc trinh bay trong Hinh 3. 14. Khi vi tri cac khda mé thay d6i, cau
hinh luéi méi duoc hinh thanh. V&i mdi cAu hinh ludi, bai toan phan b cong suit
duoc st dung dé tinh toan 4P, LBI, LBF, NSW va 4V sir dung cac biéu thic (3.1) va

(3.16)-(3.19). Biéu thuc (3.20) dwoc st dung dé tinh toan gia tri ham thanh vién cua
tirng ham muc tiéu AP, LBI, LBF, NSWvaAV.
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Hinh 3. 15. D6 tét caa mot ciu hinh LDPP

MFin.. MF1na.. MF1n2

- om

'., Céu hinh luéi i Cdu hinh lwm] Céu hinh ludi k" )

0 3

»

Céu hinh luéi tét nhat

Hinh 3. 16. CAu hinh ti vu nhat

Khi d6, mirc do hai hoa chung gitta cac ham muc tiéu caa cdu hinh ludi xem xét
la gi tri nho nhat cua tt ca cac gié tri ham thanh vién cta cac muc tiéu trén. Diéu d6
c6 nghia 12 mot cau hinh LDPP t6t 1a ludi dién c6 ton that cong suat bé, chi sd can
bang tai gitta cac nhanh bé, chi s can bang tai gitta cac xuat tuyén bé, sd lan van
hanh khéa it va do léch dién 4p nut bé. Khi d6 do tot ciia mot cau hinh ludi dién hay
con goi 1a mirc do hai hoa chung gitra cac ham thanh vién duogc coi 1a ¢6 gia tri bang
voi dd tot bé nhat cua cic muc tiéu dang xem xét nhu Hinh 3. 15. Khi d6 trong mot

tap cac cau hinh ludi xem xét, cau hinh ludi dugc goi 1a toi wu nhat 1a cau hinh ludi
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c6 gia tri d6 tot 1on nhit trong tap cdu hinh xem xét nhu Hinh 3. 16. Hay ndi céach
khac giai phap tbi wu duoc lya chon dua trén quyét dinh mo dugc thuc hién bang
cach st dung gia tri Ion nhat ciia mirc d6 hai hoa chung gitra cac ham thanh vién cua

cAu hinh ludi xem xét nhu sau:
FCS(X) = max{min{MF, (X)}} (3.21)

Hon nira, theo dinh nghia & biéu thirc (3.21) gia tri cac ham thanh vién luén ludn
nho hon mét. Vi vay, bai toan téi uu cuc dai dugc chuyén thanh bai toan téi wu cuc

tiéu va ham muc tiéu cho mdi cau hinh luéi duoc danh gia nhu sau:
FCS(X) = 1 — min{MF, (X)} (3.22)

3.3.1.7. Céc rang bugc bai toan

Tuong ty nhu bai toan tai cau hinh giam ton that cng suat, bai toan tai cau hinh
da muc tiéu ciing can thoa méan cac diéu kién rang budc nhu can bang cong suat, gidi
han dién 4p cac nut va dong dién trén cac nhanh, céu trdc ludi hinh tia cia LDPP nhu

céc biéu thic (3.2)-(3.4).

3.3.2. Phwong phap giai bai toan
3.3.2.1. Thuat toan Runner-Root (RRA)

Bai toan tai cau hinh da duoc giai bang nhiéu phuong phap khac nhau tir cac
phuong phap heuristic nhu phuong phap nhanh va bién [4], phuong phap trao doi
nhanh [6] va phuong phap trao d6i nhanh cai tién [21] dén cac phuong phap heuristic
téng quat GA [7], [77], [103], PSO [17], [93], [104], ACO [105], co dai (multi-
objective invasive weed optimization - MOIWO) [100], FWA [95]. So véi cac
phuong phép heuristic, cac phuong phap heuristic tong quét ¢d kha ning cung cip
c4c giai phap hiéu qua trong qua trinh giai bai toan tai cau hinh. Vi vay, ngay cang
nhiéu phuong phap heuristic tong quat duoc ap dung dé giai bai toan nay. Thuat toan
RRA 12 mét thuat toan heuristic tong quat méi duoc phat trién 1y ¥ tuéng tir su nhan
gidng ctia mot sb loai thuc vat ¢é than bo lan. Trong tu nhién, thuc vat ¢é than bo lan
sinh san qua cac dot than va phat trién ré tai cac dot than dé hut nude va chat khoang

[106]. Twong tu nhu cac thuat todn moi dugc phat trién gan diy, RRA c6 thé duoc
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liét ké vao nhom thuat toan gay tranh cdi [107]. Mot sé y kién trong [107] va [108]
cho rang rat nhiéu thuat toan heuristic tong quat méi dugc phat trién dua trén cac
phép an du cac hién tuong tu nhién va nhan tao khdng that sy mai. Tuy nhién, trong
mot thuit toan heuristic tong quat dién hinh thudng c6 hai co ché chon loc va co ché
ngau nhién. Chon loc cac giai phép tot gip thuat toan hoi tu dén diém tdi wu, co ché
ngau nhién gidp thuat toan tranh bi biy vao céc cuc tri dia phuong. Diéu quan trong
13, su két hop hoan hao gitra hai co ché trén s& gilp tao nén sy hiéu qua cua thuat toan
[109].

¥

s S ] \
” . Than bd (runner)/'
Cay me \ { \
(mother plant) Cay con (daughter plants)

V,

Hinh 3. 17. Co ché sinh san va tim ngudn nudc va khoang ciia ciy dau tay.

GA dya trén an du vé su tién hoa bao gdm co ché ghép chéo va dot bién, PSO
duwa trén an du vé tap tinh bay dan, ACO dua trén tap tinh cua loai kién trong qua
trinh tim kiém thtrc an. Trong khi d6, RRA dya trén phép an du vé su nhan gidng cua
mét sb loai thuc vt c6 than bo lan nhu cay dau hodc co nhén (Hinh 3. 17). So véi cac
phuong phéap khac, RRA hoat dong dua trén hai co ché riéng ré phuc vu cho viéc khai
pha va khai thac. Dé tim kiém khai ph4, RRA duoc trang bi hai cong cu bao gom céc
budc nhay ngau nhién cua cay con so véi cdy me va co ché khai dong lai thuat toan.
Cong cu dau tién gilp RRA di chuyén dén cac diém khac nhau trong khong gian tim
kiém, cong cu thir hai giap RRA ting co hoi tim kiém dugc diém ti uu toan cuc. Dé
thue hién tim kiém khai thac, RRA ciing duoc trang bi hai cdng cu bao gom co ché
phat trién caa ré 16n va ré nho va co ché chon loc cac ca thé wu ta. Cong cu dau tién

gilp RRA tim kiém khong gian xung quanh giai phap tdi wu nhat, trong khi d6 cong
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cu thir hai dam bao rang gai phap tot nhat cua thé hé nay dwoc truyén qua thé hé sau.
Hon nira, thuc té cho thiy mot thuat toan heuristic tong quét tot hon mot thuat toan
khac & bai toan nay nhung c6 thé s& xau hon ¢ bai toan khac. Vi vay, viéc tim mot

thuat todn phu hop véi bai toan tai cAu hinh ciing 13 van dé dang duwoc quan tam.

Trong [106], RRA da cho thdy nhiing dic diém vuot troi so voi PSO,
Differential Evolution (DE) va thuat toan dan ong nhan tao (Artificial Bee Colony -
ABC). Mic du vdy, RRA van chua dugc ap dung dé giai cac bai toan téi vu lién quan
dén hé théng dién va kha ning ciia n6 khi giai quyét cac bai toan 16n va phic tap cho
dén nay van la mét an sb. Nhin chung, RRA hoat dong dua trén hai co ché riéng ré
cho tim kiém toan cuc va tim kiém cuc bo. Qua trinh khai pha duoc thyc hién tai moi
vong lap va qué trinh khai thac chi duoc thuc hién khi sy cai thién caa ham muc tiéu
1a khong dang ké. Nhirng tha tuc nay gitp RRA dé dang thoat khoi cac bay cuyc tri
dia phuong, von 1a van dé ma céc thuat toan t6i wu khac phai d6i pho. Bé thuc hién

RRA, ba luat sau duoc sir dung trong qué trinh tim kiém [106]:

Mdi cay me duoc tai sinh qua than cia no. Cac cay con dugc hinh thanh tir cac
than & cac vi tri mai dé khai thac ngudn tai nguyén mai.

MJbi cay me sinh ra cé4c ré cai (ré 16n) va ré con (ré nho) mot cach ngau nhién

dé khai thac tai nguyén xung quanh vi tri mai.

Tai noi c6 ngudn tai nguyén phong pht hon, cac ciy con s& Ién nhanh hon va
sinh ra nhiéu cay con hon. Nguoc lai, cac cay con s& chét néu chdng di chuyén vé noi
c6 ngudn tai nguyén xau hon.
3.3.2.2. Tai cAu hinh LDPP da muc tiéu sir dung RRA

Buéc 1: Lya chon thong s6

Tuong tu nhu cac thuat todn t6i wu khac, mot s6 thong sb diéu khién can duoc
chon nhu quan thé cay me (Npop), S6 bién diéu khién hay cac khoa dién mé (dim), sb
vong lap 16n nhat (itermax). Ngoai ra, RRA can ¢ mot s théng sé nhu do dai cua

than (drunner), d6 dai cia ré (droot), $6 VONG lip dé khai dong lai giai thuat (Stallmax), su
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thay d6i twong ddi cua gia tri ham thich nghi trong hai vong lip lién tiép (tol).

Buéc 2: Khéi tao ngau nhién cac cay me

Trong qué trinh tai ciu hinh LDPP str dung RRA, mdi ciu hinh hinh tia duoc
xem nhu mot cdy me. Mdi cdy me thé hién mot vector giai phap cua cac bién duoc
cho nhu sau:

Xmother = [Xl:X2» "'»Xdim] (3.23)

Trong d6, X;, X5, ..., Xgim 12 cac khoa dién dugc ma héa béi thir tu cua ching
trong cac vong co so 11, 2" . va vong dim™. Gia tri cua Xi 12 mot s6 nguyén nam
trong khoang tir mot dén kich thudc cia vector vong co sd it.

Vi vay, bt dau giai thuat quan thé cdy me duogc khoi tao ngau nhién nhu sau:

Xmotherx = round [Xlow,d + rand X (Xhigh,d - Xlow,d)] (3.24)

V6i Xjow,a = 1Va Xpign 4 kich thudc cua vector vong co sé d™; rand la s6 ngau
nhién trong khoang [0, 1]; k =1, ...,N; d = 1, ...,dim.

Buwdéc 3: Tao ra cac cay con

Tai mdi vong lap, ngoai trir cdy me dau tién trong quan thé mdi cay me khéc
sinh ra ngau nhién mot cay con. Cay me dau tién trong quan thé duoc thay thé boi
cay con tot nhat cua vong lap trudce do.

Xdaughter,best (i - 1) ’ k=1

3.25
round [Xmother'k(i) + drynner X rand], k=2,..,N (3:29)

Xdaughter,k(i) = {

Tur quan thé cdy con, cac diéu kién rang budc dugc kiém tra va gia tri ham thich
nghi cia mdi cay dugc tinh va cly con ¢ ham thich nghi tt nhat tai vong lap hién

tal dlIO’C tim théy va du’O’C gOl la (Xdaughter,best (|))
Buwéc 4: Tim kiém cuc bd véi bwéc 16n va nhé

Muc dich cta budc nay la sinh ra nhitng cay con méi xung quanh cay tbt nhat

va cap nhat cay tot nhat. Trong budc ndy, hai thi tuc tim kiém cuc bo duoc thuc hién,
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thu tuc tht nhat tao ra cac con véi khoang cach 16n tir cay tét nhit dén céc cay con
mai duoc thuc hién trude va tha tuc thi hai tao ra cac con véi khoang cach nho tir
cay tét nhat dén cac cay con méi dugc thuc hién sau. Tuy nhién, hai thu tuc nay khdng
duoc ap dung cho tat ca cac vong lip ma né phu thudc vao su so sanh giita gia tri tol

va chi sé cai thién twong doi Rl duoc tinh toan nhu sau:

f (Xdaughter,best(i - 1)) - f(Xdaughter,best(i))
f(Xdaughter,best(i - 1))

RI = (3.26)

TI‘OIlg dé, f (Xdaughter,best(i - 1)) va f (Xdaughter,best (l)) 1§n luqt 1a giél tri

thich nghi ctia cay con tot nhit ctia vong 1ap trudce va vong lip hién tai.

That vay, khi RI 16n hon tol, qua trinh tinh toan s& di chuyén xudng buéc 5 dé
tiép tuc qua trinh tim kiém toan cuc. Nguoc lai, hai thu tuc tim kiém cuc bo s& lan

lwgt duoc thuc hién dé cap nhat cay con tét nhat nhu sau:
Tim kiém cuc bé véi buée 1on: Thi tuc ndy nham tao ra dim cdy mai bang céch
sira lan luot tirng phan tir ctia cay con tét nhat hién hitu st dung biéu thic (3.27).
Xperturbea,a = round [vec{l,l oo 1,11 4+ dyynner X randg, 1, ...,1} X

Xdaughter,best(i)] (3.27)

Véid =1,..,dim; vec{1,1...,1,1,1 + d,ypner X rand, 1, ...,1} 13 vector vGi

tat ca cac phan tir bang mot ngoai trir phan tir d duge cho bang 1 + dyypner X randy.

Tur dim ciy con méi dugc tao ra, gia tri ham thich nghi cia mdi cay dugc tinh
toan. Cudi cling, cay t6t nhat (Xgaughter,vest) dugc cap nhat lai néu trong dim cy con

méi co cay co gié tri ham thich nghi tét hon cay con tot nhat hién hitu.

Tim kiém cuc bé véi buée nhé: Twong ty nhur thi tuc tim kiém cuc bo véi bude

I6n, trong budc nay dim cdy con mai cling s€ duoc tao ra sir dung (3.28).

Xperturbed,d = round[vec{1,1...,1,1,1 + d,por X Tandy, 1, ...,1} X

Xdaughter,best(i)] (328)
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Luu ¥ 1ang d,ynner trong biéu thire (3.27) dugc thay thé bang d,.,,, trong (3.28).

Trong do6 d,.,,; nhé hon nhi€u so vo1 d;ypner-

Tuong ty, tir dim cdy con méi duoc tao ra, gia tri ham thich nghi cia mdi cay

duoc tinh toan. Cudi ciing, cay tét nhét (Xaaughterest) dwoc cap nhat lai mot lan nira.

Nhu vay, ¢ budc nay ¢ (2 X dim) cdy con méi dugc tao ra. Trong d6 dim cay
dugc tao ra su dung budc I6n va dim cdy con lai duoc tao ra sir dung budc nho. Khi
d6, gia tri ham thich nghi cia (2 x dim) ciy con méi duoc danh gia dé xac dinh cay
t6t nhat voi gia tri ham thich nghi t6t nhat. Néu cay nay t6t hon cy Xdaughterbest NO
duogc lya chon dé thay thé Xaaughterest va trd thanh cay tot nhat Xgaughter best. Nguoc lai,
néu cay nay khong t6t hon Xdaughter best, nghia 1a khong co su cai thién nao trong budc
nay va cdy con tét nhat s& khong dugc cap nhat. Nhu vay, s& co hai truong hop xay
ra dbi Vi cac cdy méi duoc tao ra ¢ budc nay 1a (2 x dim) hoic (2 x dim - 1) cay
ma&i sé€ bi loai bo.

Buwéc 5: Tao ra cac cay me cho thé hé sau

Tai giai doan cudi ciia mdi vong lap, quan thé cay me sir dung cho thé hé tiép
theo dugc chon giita cac cdy con sinh ra & budc 3 va cay con tét nhat sir dung phurong

phap banh xe roulette.

Su thich nghi cua cac cay con dugc tinh toan nhu sau:
1
a-+ f (Xc]lcaughter (l)) - f (thicaughter,best(i))

Trong d6 a 1a mot hing sé duwong nho.

fit (X(Ii{aughter(i)) = (329)

X4c suit mot cay con k" duoc chon cho thé hé sau duge xac dinh béng biéu
thire (3.30). Khi d6, phuong phap banh xe roulette duoc st dung dé chon cac cay me

tur cac cay con trén.

fit (Xt’i(aughter (l))
Z?]::p fit (Xc]l.aughter (l))

Pk = (3.30)
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Budc 1

- Nhap théng sé6 LBPP
- Lwa chon théng s6 RRA: Nyop, dim, tol, Stallnax, drunners Aroots it€Fmax

Buérc 2
- Kh&i tao ng&u nhién quan thé cay me
- bat vong Iép i=1
- Chon gia tri ban dau Fbest, I&n

Tao ra cac cay con tr cay me |
v
Danh gia ham thich nghi clia cac cay con bang phwong phap max-min .
Tim cay con tt nhat (Xaaugreroes 1)) | '

- Tinh gia tri h?m thich nghi ctia cay con tét nhét tai hai vong lap (i-th) va ((i-1)-th). Lwu y,
tai vong lap dau tién f(Xgaugnhterpest (i-1)) = Fbesto
- Tinh toan chi sé cai thién gia tri thich nghi gitra hai vong lap RI

Sai

RI < tol
bung

Tao ra dim cay méi s&r dung bwéc nhay I1&n tir thud tuc tim kié'm cuc b .
Tao ra dim cay méi str dung bwéc nhay nho tir tha tuc tim kiém cuc bo .

Panh gia ham thich nghi cta cac cay con mgi

!

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

Cap nhat lai hé sé RI

a Sai

bung

. A .
. [Count=Count+1] [Count=0] .
. | I

<
<

Sai
Count > Stallnax

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

Hinh 3. 18. So d6 cac budc tai cdu hinh LDPP sir dung RRA.
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Xac dinh sé lvong cay (N)
DPatbo démk =1

;I

[Kiém tra diéu kién rang budc cay k-th|

Théa man rang budc

Budng y
| Xac dinh Ploss, LBI, LBF, NSW va AV | Cay khong hop
| Xac dinh gia tr cac ham thanh vien | |'% San ma g
v $han
[ Xac dinh gia tri ham thich nghi | nghi I6n

I

IA
*‘
| Lwu gia tri ham thich nghi clia cay k-th |

v

| k=k+1 |

Sai k>N

bung

[Tra vé gia tri ham thich nghi clia cac cay|
Hinh 3. 19. Cac budc tinh toan gié tri ham thich nghi bang phuong phap max-min.

Budc 6: Thoat khdi giai phap cuc tri dia phwong

Pé tranh mot giai phép cuc tri dia phuong ma thuat toan co thé bi bﬁy vao, mot
bién dém sé& duogc tang mot don vi néu su cai thién cua ham thich nghi cua cay tbt
nhat giita hai vong 1ap lién tiép nho hon tol, nguoc lai bién dém nay s& duoc dit bang
khdng. Néu gia tri cua bién dém bang Stallmax, thuat toan s& dugc khoi dong lai bang
cach khai tao ngau nhién quan thé cay me tuong tu nhu & bude 2 nguoc lai thuat toan
s& di chuyén dén budc 3.

Budéc 7: Diéu kién dirng giai thuat

Qua trinh tao ra cay con tur cdy me¢ va qua trinh cay con trd thanh cdy cady me
lan lugt dugc thyc hién cho dén khi s6 vong lap (iter) dat dén s6 vong ldp 16n nhat
(itermax). So do cac bude thuc hién ciia phuong phap tai ciu hinh LDPP st dung thuét
toan RRA duoc trinh bay & Hinh 3. 18. Céc budc tinh toan gia tri ham thich nghi bang
phuong phap max-min dugc trinh bay ¢ Hinh 3. 19.
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3.3.3. Két qua tinh toan

Bai toan tai cau hinh da muyc tiéu sir dung phuong phap RRA duoc kiém tra trén
LDPP 33 nit. Ngoai ra, do trong cac ham muc tiéu can téi vu, c6 muc tiéu can bang
tai gitra cac xuat tuyén, vi vay LDPP 70 nit c6 4 xuat tuyén duoc st dung dé phan
tich hiéu qua ciia phuong phap dé xuat. Twong ty nhu bai toan tai ciu hinh giam ton
thit cong suit, trén hai LDPP mau duoc gia thiét bé qua ton thit cong sudt may bién
ap va cac khi cu dién trén ludi. Chuong trinh tinh toan duoc xay dung dudi dang
“file.m” va chay tir “Command Window” ctia phan mém Matlab trén may tinh cé cau
hinh Intel Core i3 M 330 @ 2.13GHz, 1 CPU, 2 cores per CPU, Motherboard Aspire
4740, 2GB DDR3 RAM, Hard Drive ST9250320AS (250GB), Windows 7 SP1 (32-
bit).

Trén méi LDPP, nam truong hop (TH) duoc xem xét dé phan tich kha ning cua
phuong phap dé xuat.

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

TH 2: Ham don muc tiéu giam d6 léch dién ap.

TH 3: Ham don muc tiéu cuc tiéu chi sd LBI.

TH 4: Ham don muc tiéu cuc tiéu chi s LBF.

TH 5: Ham da muc tiéu véi ndm ham muc tiéu thanh phan.

3.3.3.1. Lwa chen thong sé diéu khién ciia RRA

Thong s6 ciia RRA sir dung tinh toan 1a sé cay me N, = 20, vong lap I6n nhat
itehyqx = 150 cho LDPP 33 nut va N, = 20, itet;,4,, = 200 cho LDPP 70 nut; su
thay d6i twong ddi gia tri ham thich nghi tot nhat trong hai vong lap tol = 0.01; s6
vong lap dé khai dong lai thuat toan Stall,,,, = 50. Do bai s6 luong khda ma ban
dau trén ludi 33 va 70 ndt lan luot 14 5 va 11 khéa. Vi vay, kich thudc ciia vector giai

phap cua hai hé thdng lan luot 13 dim = 5 va dim = 11.

3.3.3.2. LDPP 33 nit
Trong phan nay, LDPP 33 nat v6i 37 nhanh, 32 khéa dién thuong déng va 5
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khoa dién thuong mo duoc sir dung dé kiém tra phuong phap dé nghi. Thong sé
duong day va phu tai cua hé théng duoc sir dung trong [22] va so do don tuyén cua
hé thong duoc md ta nhu Hinh 3.4. Ngoai ra, ton that cong suat ban dau, dién &p nat
thip nhit va dong dién dinh muc cua cac nhanh lan luot 12 202.69 kW, 0.9131 p.u va
255 A.

Dbi véi LBPP 33 nit, cac vong co s& duoc xac dinh bang cach dong lan luot
cac khoa mo ban dau duoc cho trong Bang 3.8. Trong do, gid tri cua X high1s Xhigh,2»
Xnign3s Xnigha V& Xnigns 1an lugt1a 10, 7, 15,21 va 11. Do d6, dé 4p dung RRA cho
hé théng nay, drunner VA droot 130 luot duwoc chon bang 10 va 5. Céc théng sb khac dugc
lya chon nhu & muc 3.3.3.1. Bé chizng minh hiéu qua ctua phuong phap dé xuat, két
qua tinh tir RRA duoc so sanh véi cac phuong phap khac nhu hybrid big bang-big
crunch algorithm (HBB-BC) [99], Fuzzy-SFL[27], MOIWO [100], HSA [39], FWA
[95], PSO [93], ACO [105], HPSO [25] va DPSO-HBMO[26].

Bang 3. 8. Cac vong co s¢ cua LDPP 33 nut.

ZSIEI%SY Khéng gian tim kiém ciia mdi khda ma trong mdi FL I(:(églllthhuéc
FL1 2,3,4,5,6,7,18, 19, 20, 33 10
FL> 9,10,11,12,13,14, 34 7
FL3 2,3,4,5,6,7,8,9, 10, 11, 18, 19, 20, 21, 35 15
Fla 6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 25, 26, 27, 21
28, 29, 30, 31, 32, 36
FLs 3,4,5, 22,23, 24, 25, 26, 27, 28, 37 11

Ngoai ra, dé dam bao sy cong bang trong so sanh, hai phuong phép tai cdu hinh
st dung thuat toan di truyén véi cac bién lién tuc CGA [94] va thuat toan tim kiém
CSA [88] duoc thuc hién trén cling mot may tinh. CGA dua trén co ché chon loc tu
nhién st dung bién sé thuc 1a mot thuat toan heuristic tong quat ndi tiéng va nd phu
hop véi bai toan ma céc bién diéu khién 12 lién tuc. CSA 1a thuat todn méi duoc phat

trién ldy y tuéng tir dac diém sinh san ky sinh caa mét s loai chim tu ha. Ca hai
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thuat toan da duoc ap dung thanh céng vao cac bai toan tai cdu hinh, trong d6 CGA
da duoc sir dung trong céac nghién cuau [77], [79], [110-111] va CSA ciing da chung
minh dugc kha ning ciia minh trong cac nghién ciu [112-113]. Cac thong sé diéu
khién cua CGA va CSA duoc cai dat trong pham vi cho phép va gié trj toi wu nhat
duoc lya chon qua nhiéu l1an thuc hién. Két qua, ti 1& chon loc tw nhién va ti Ié dot
bién cua CGA lan luot dugc xac dinh 14 0.5 va 0.2 trong khi dbi véi CSA, xé&c suit
phét hién trimng la trong t6 cua chim chu 13 0.2. Cac thong sé khéc cua hai thuat toan
nhu kich thuéc quan thé, kich thudc vector bién diéu khién va sé vong lip 16n nhét

duoc chon tuong ty nhu RRA.

Hiéu qua ctia phuong phap dé xuat duoc trinh bay trong Bang 3.9. C6 thé thay
rang, trong TH 1, ton that cong suat trén hé thong da giam tir 202.69 kW trong cau
hinh ban dau xudng 139.55 kW trong cu hinh t6i wu. Pién ap nit thip nhét ciing
duogc cai thién tir 0.9131 p.u. dén 0.9378 p.u. Tuong tu TH 1, gia tri ham thich nghi
t6t nhat cho cac TH 2 va 3 lan luot duge xac dinh 12 0.0588 va 0.0227. Nhiing gia tri
nay ciing 1a cic gidi han nho nhat ctia cic ham thanh vién dugc sir dung trong trudng
hop tai cAu hinh véi ham da muc tiéu (TH 5). G161 han cua cac ham thanh vién trén

LDPP 33 nat dugc cho ¢ Bang 3.10.

Trong TH 5, bang viéc str dung ham da muc tiéu ngoai trir ham can bang tai
xuat tuyén do hé théng chi c6 duy nhat mot xuat tuyén, cac khoa dién mé thu duoc
trong cau hinh téi wu 1a {6, 34, 11, 36, 37}. Trong d6, ton that cdng suat, dién ap nut
thap nhat, chi s6 can bang tai LBI va sb 1an chuyén khda NSW lan luot 1a 145.05 kW,
0.9373 p.u, 0.0271 p.u, va 4.

Bang 3. 9. Két qua tinh toan trén LDPP 33 nut trong cac TH.

Muc Bandau |TH1 TH 2 TH 3 TH A4 THS

7 34 6 34
N 33, 34, 7,14,9,17, 14,9, | ’ ’ ’
Cau hinh 35 36, 37 | 32, 37 32 28 35, 30, |- 11, 36,

37 37
AP (KW)  |202.69 |139.55 |139.98 |203.09 |- 145.05
Vmin (p.u.) | 09131 |0.9378 |0.9412 |0.8695 |- 0.9373
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Muc Bandau |TH1 TH?2 TH 3 TH 4 TH5
LBI 0.0414 0.0279 |0.0308 |0.0227 |- 0.0271
Max(l/Irate) | 0.8250 0.8123 |0.8126 |0.8278 |- 0.8138
LBF - - - - -

LBFi (MW) | - - - - -

NSW 0 8 10 4 - 4

Ham thich | _ 139.55 |0.0588 |0.0227 |- 0.25
nghi

Thoi gian

] . - 74.6933 | 84.4106 | 85.2702 | - 88.6261
tinh toan (s)

Bang 3. 10. Gidi han ctia cac ham thanh vién trén LDPP 33 nut.

Muc Frioss Fa-vmin) | Fuel Frnsw FLer
Min 139.55 |0.0588 |[0.0227 |2 -
Max 202.67 |0.0869 |0.0414 |10 -

Bang 3. 11. Két qua so sanh RRA Vi cac phuong phéap khéc trén LDPP 33 nut.

Phuong phdp | Khda mé ﬁ(}\’N) zgml;”) LBI (Mll?fate) NSW
TH 1: Ham don muc tiéu cuc tiéu ton that cong suat

RRA 7,14,9, 32,37 | 139.55 | 0.9378 | 0.0279 | 0.8123
HBB-BC[99] |7,14,9,32 37 |139.55 | 0.9378 | 0.0279 | 0.8123
Fuzzy-SFL[27] | 7,9, 14, 28,32 | 139.98 | 0.9412 | 0.0308 | 0.8126 |10
MOIWO [100] | 7, 14,9, 32, 37 | 139.55 | 0.9378 | 0.0279 | 0.8123
HSA [39] 7,14,9, 32,37 | 139.55 | 0.9378 | 0.0279 | 0.8123
FWA [95] 7,14,9,32,28 |139.98 | 0.9412 | 0.0308 | 0.8126 |10
PSO [93] 7,9, 14,32, 37 |139.55 | 0.9378 | 0.0279 | 0.8123 |8
ACO [105] 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 [99] |7,9,14,28,32 |139.98 | 0.9412 | 0.0308 | 0.8126 |10
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. o AP Vmin Max
Phuong phap | Khda mo KW) | (pu) LBI (I/Irate) NSW
Fuzzy-SFL[27] | 6, 8, 12, 36, 37 | 151.51 | 0.9318 | 0.0259 | 0.8153
MOIWO [100] | 6,11, 32, 34,37 | 144.41 | 0.9357 | 0.0262 | 0.8138
HPSO [25] 7,9,14, 32,37 | 139.55 | 0.9378 | 0.0279 | 0.8123
DPSO-
HBMO[26] 7,9, 14,32,37 |139.55 | 0.9378 | 0.0279 | 0.8123 |8

Két qua so sanh gitra RRA v&i cac phuong phéap khac duoc cho trong Bang 3.11
va Bang 3.12. Trong Bang 3.11, két qua thuc hién bang RRA trong TH 1 bang véi
két qua thyc hién tir cac phuong phap HBB-BC [99], MOIWO [100], HSA [39] va
PSO [93] nhung tt hon két qua thuc hién bang cac phuong phap ACO [105] va FWA
[95]. Trong TH 5, RRA thu dugc cau hinh {6, 34, 11, 36, 37} véi ton that cong suat
145.05 KW vén cao hon tir 0.64 kW dén 5.5 KW so véi cau hinh thu duoc tir cac
phuong phap MOIWO [100], HBB-BC [99], HPSO [25] va DPSO-HBMO [26]. Tuy
nhién, cdu hinh thu dugc biang RRA chi mit 4 1an chuyén khoa so véi tir 6-10 lan
chuyén khoa khi thuc hién bang cac phuong phéap trén. Nhu trinh bay ¢ Bang 3.12,
phuong phap dé xuat hiéu qua hon cac phuong phap khac do boi su can bang giira
cac ham thanh vién véi cac gia tri cia mdi ham thanh vién 1a 0.9130, 0.8609, 0.7656,
va 0.75. Rd rang, nhitng gia tri ndy tot hon so véi cac gia tri thu duoc tir cac phuong
phap HBB-BC [99], Fuzzy-SFL [27], MOIWO [100], HPSO [25] va DPSO-HBMO
[26].

Bang 3. 12. So sanh s can bing giita cac ham thanh vién & TH 5 trén LDPP 33 nt.

Phuong phap MFap MF@-vmin)y | MFLei | MFnsw | MFLgr
RRA 0.9130 | 0.8609 0.7656 | 0.75 -
HBB-BC [99] 09932 |1 0.5682 |0 -
Fuzzy-SFL[27] 0.8106 | 0.6636 0.8276 | 0.5 -
MOIWO [100] 0.9230 |0.8019 0.8137 |05 -
HPSO [25] 1 0.8782 0.7216 |0.25 -
DPSO-HBMOJ[26] |1 0.8782 0.72156 | 0.25 -
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bién 4p cac nut sau khi thyc hién tai cAu hinh duge cho ¢ Hinh 3. 20. Hinh v&
cho thdy dién 4p tat ca cac nut da duoc cai thién dang ké sau khi tai cdu hinh. Ngoai
ra, dién 4p cac nut thu dugc ¢ TH 2 tdt hon so véi cac TH con lai. Hé sb mang tai
trén cac nhanh trong cac TH khac nhau trén LDPP 33 nut dugc ¢ Hinh 3. 21 cho thiy

khéng c6 nhanh nao vi pham rang budc vé dong dién.

0.96 % o
t" \

3
£0.94 .,
& ."---
N e,
5092 - Ban di
A an dau \
09H =™ TH 1 (Ploss) \
===TH 2 (1-Vmin) \ \
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Hinh 3. 20. Bién d6 dién ap trong cac TH khac nhau trén LDPP 33 nat.

—
T

054\

I/Idm

TH 5 (Pa muc tiéu)
TH 3 (LBI)

TH 2 (1-Vmin)

TH 1 (Ploss)

Nhédnh 30 35 Ban ddu

Hinh 3. 21. Hé s6 mang tai trén cac nhanh trong cac TH khac nhau trén LDPP 33
nat.
Dé so sénh RRA véi CGA va CSA, bai toan tai cau hinh duogc chay 50 lan doc
lap. Gia tri 16n nhat, nho nhat, trung binh va d6 léch chuan ctia ham thich nghi ciing

nhu vong 13p héi tu dugc so sanh & Bang 3.13. Tir Bang 3.13 cho thay, két qua thuc
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hién bang phuong phap dé xuat tét hon hai phwong phap so sanh & gia tri vong lap
hoi ty. Mic di ca ba phuong phap déu tim duoc gid tri ham thich nghi nho nhat va
gia tri trung binh caia ham thich nghi cia ba phuong phéap gan bang nhau trong ca hai
TH. Tuy nhién, sé vong l3p hoi tu trung binh cia RRA trong TH 1 va 5 lan luot 12
(38.1, 42.1}, trong khi d6 déi v6i CGA va CSA Ian luot 12 {54.63, 46.0} va {83.63,
62.6}.

T
=—Dic tuy&n hoi ty trung binh cia CGA

220 | |=—Pic tuyén hoi tu trung binh cia CSA | 140.5 7
< =—Dic tuyé&n hoi tu trung binh clia RRA =
= ¢ . 5 P et
5 200 * ****Pic tuyén hoi tu nhd nhat cia CGA 140 = 4
= === Pgc tuy&€n hdi tu nhd nhat cia CSA 1395 =H
E *==» Pic tuy&n hoi tu nhé nha't cia RRA ’
= 180 1
Z
=
O 160

S& vong lip

Hinh 3. 22. Bac tinh hoi tu cia RRA, CGA va CSA trén LBPP 33 nut trong TH 1

sau 50 lan chay.

1.2 = Dic tuy€n hoi tu trung binh clia CGA 4
===Djic tuy€&n hdi tu trung binh cia CSA

==—Djc tuy&n hdi tu trung binh cia RRA
====DPic tuy&n hdi tu nhd nha't cia RRA
====Djc tuy€n hdi tu nhdé nhit cia CGA
====Pic tuy&n hodi tu nhd nhat ciaCSA
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Hinh 3. 23. Bac tinh hoi tu cia RRA, CGA va CSA trén LDPP 33 nat trong TH 5
sau 50 lan chay.
V& thoi gian tinh toan, RRA mat 48.17s dé giai bai toan, cham hon CGA 8.91s
va nhanh hon CSA 24.41s. Tuong tu, trong TH 5, RRA cling chdm hon CGA va
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nhanh hon CSA. Mic du mat nhiéu thoi gian tinh toan hon so v6i CGA, nhung 13

rang thoi gian tinh toan trén dwoc tinh cho 150 vong lap trong khi d6 RRA hoi tu sau
{39, 43} vong lap cho TH 1 va 5 nhung CGA hdi tu sau {55, 46} vong lap cho hai
TH. bac tinh hoi tu trung binh va nho nhit cia RRA, CGA va CSA trén hé théng 33
nat trong TH 1 va 5 duoc cho trong Hinh 3. 22 va Hinh 3. 23. Cac duong dac tinh
trung binh cia RRA trong hai TH luén thdp hon CGA va CSA.

Bang 3. 13. Két qua RRA véi CGA va CSA trén LDPP 33 nit.

. ] . Vong lap hoi | Thoi
Phuong | Khoa Ham thich nghi tu gian
phap mo ) tinh
Max. | Min. Mean |STD Mean | STD toan (s)
TH 1: Ham don muc tiéu giam tén that cong suat
7,14, 9, 8.6e-
RRA 32 37 139.55 | 139.55 | 139.55 14 38.10 | 21.34 | 48.17
7,14, 9,
CGA 39 37 146.19 | 139.55 | 139.78 | 1.2121 | 54.63 | 29.86 | 39.26
7,14,9,
CSA 32 37 140.28 | 139.55 | 139.58 | 0.1328 | 83.63 | 34.25 | 72.58
TH 5: Ham da muc tiéu
6, 34,
RRA 11,36, |[0.3551|0.25 0.2654 | 0.0247 | 42.1 | 37.10 |58.00
37
6, 34,
CGA 11, 36, 0.4496 | 0.25 0.2797 | 0.0482 | 46.0 |42.16 |41.51
37
6, 34,
CSA 11,36, |[0.2726 | 0.25 0.2508 | 0.0041 | 62.6 |33.17 | 75.17
37
3.3.3.3. LDPP 70 nut

Trong phan nay, phuong phap RRA dugc chay trén LDPP 70 nit ¢6 cap dién

4p 11 kV véi 4 xuat tuyén, 78 nhanh va 11 khéa ma. Thong sé hé thdng dugc cho ¢

Phy luc 8 va Phy luc 9 [23], so d6 don tuyén cua hé théng duoc cho ¢ Hinh 3.24.
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Ton that cong suat va dién &p nat thap nhat lan luot 13 227.53 KW va 0.9052 p.u.
Dong dién dinh muc trén cac nhanh thuong ma 1a 234A, trén nhanh 9-16, 24-30, 40-
51, 58-68 la 208A va cac nhanh con lai 12 270A [23].
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Hinh 3. 24. LBPP 70 nut.

Céc vong co s& cua hé théng duoc cho & Bang 3.14 trong d6 cac gidi han trén
Xnign dén Xpign11 1an luot1a {19, 18,18, 18, 19, 14, 12, 10, 10, 12, va 20}. Vi vay,
tuong ty nhu LDPP 33 nit, drunner VA droot 130 lurot duwoc chon bang 10 va 5. Trén hé
théng ndy RRA duoc so sanh véi cac phuong phap da duoc cong b nhu SAPSO
[114], SAPSO-MSFLA [114], MSFLA [114], FMA [23], HPSO [25] va DPSO-
HBMO [26]. Ngoai ra, RRA ciing dugc so sanh voi CGA va CSA trén cung mt may

tinh v6i cac thong so kich c¢& quan thé, kich thudc vector giai phap va sb vong lap 1on
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nhat 1a {30, 11, va 200}, cac thong sb con lai ciia ba phuong phap duoc chon nhu
trén LDPP 33 nut.

Bang 3. 14. Cac vong co s¢ trén LDPP 70 ntt.

Vong Kich
cosd | Khéng gian tim kiém caa mdi khéa ma trong mdi FL thudc
(FL) cua FL

FL. |1,2,3,4,56,7,8, 31, 32, 33, 34, 35, 36, 48, 49, 50, 51, 69 |19
FL. |1,2,3,4,5,6,7,8, 31, 32, 33, 34, 35, 36, 37, 38, 39, 70 18
FLs |1,2,3,9, 10,11, 12,183, 14, 31, 32, 33, 40, 41, 42, 43,47, 71 | 18
17,18, 19, 20, 21, 22, 23, 52, 53, 54, 55, 56, 62, 63, 66, 67,

FLo | 6a 72 18
FL, | 17.18,24,25,26,27, 28,29, 30, 52, 53, 54, 55, 56, 62, 63, | | o
64, 65, 73
FLe | 31,32, 33,40,41, 45, 46, 52, 53, 58, 59, 60, 61, 74 14
FL, |34,35,36,37,38, 39,40, 41, 42, 43, 44, 75 12
FLs |31,32,33,40,52, 53,5859, 60, 76 10
FLo |19, 20,21, 22, 24, 25, 26, 27, 28, 77 10
FLio |4,5,6,7,8,9,10,11,12 13,14, 78 12
" 252%2,9,10,11,12,13,14,52,53,54,55,56,62,63,66,67, 20

Két qua thuc hién trén lugi 70 nit trinh bay trong Bang 3.15. Trong TH 1 Vi
ham don muc tiéu giam ton that cong suat, ton that cong suat da giam 11.48% tur
227.53 KW trén c4u hinh ban dau xudng 201.41 KW trén cau hinh téi wu. Bién do dién
4p nat thap nhat duoc cai thién tir 0.9052 p.u. dén 0.9311 p.u. Chi sé LBI va LBF
cling duoc giam dang ké tir {0.0082, 0.1107} xudng {0.0063, 0.023} trén ciu hinh
t6i wu. Bang 3.16, cho thiy ton that cong suat thu duoc tir RRA tét hon két qua thu
duoc tir cac phuong phap khac nhu  SAPSO [114], MSFLA [114] va SAPSO-
MSFLA [114]. Tén that cong suit thu duoc tir cac phuong phap trén 1a 202.26 kW
cao hon 0.85 kW so voi két qua tir RRA. Tuong ty nhu TH 1, c4c gia tri ham thich
nghi tét nhét trong cac TH 2, 3 va 4 thu duoc bang RRA dugc cho Bang 3.17.
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Bang 3. 15. Két qua thuc hién cac TH khac nhau trén LDPP 70 nt.

Muc Banddu |TH1 |TH2 |TH3 TH 4 TH5
69, 70,(51, 70,69, 38,(69, 37,51, 37|, o
, 71, 72,|13, 66,(71, 66,(47, 66|71, 68|
Chu 73, 74,(30, 45 |30, 74,29, 60, (64, 61 |2
hinh 75, 76,75, 76|44, 76,42, 76,44, 76, |2
77, 78,|77, 78,77, 78,|77,78,79 | 24,78,14 | ;7' Lo 5o
79 79 79 » 19,
AP (KW) | 22753 | 201.41 | 20550 |240.13 |256.18 | 208.31
EQT)'” 0.9052 |0.9311 |0.9327 |0.8947 |0.9003 |0.9283
LBI 0.0082 |0.0063 |0.0065 |0.0057 |0.0078 |0.0064
gf(f)x(”" 03471 102989 |0.3230 |0.3275 |0.2842 |0.2929
LBF 01107 |0.0230 |0.0385 |0.0327 |2.68e-04 |0.0098
[1.0991, | [L.2007, | [L.2215, | [L.6846 | [L.4454 | [L.2863
LBF | 1.1992. |1.4977, |1.4977, |1.3423 |1.4356 | 1.4449
(MW) | 1.7853, | 15377, |1.6618, |1.4429, |1.4232, |1.4531,
1.6375] |1.4512] |1.3118] |1.2706] |1.4620] | 1.5069]
NSW |0 10 8 12 16 6
Ham
thich |- 201.41 |0.0673 |0.0057 |0.00027 |0.2818
nghi
Thoi
gian tinh | - 272.95 |283.01 [299.18 [298.76 |364.40
toan (s)

Trong TH 5, mac du ton that cong suat 1a 208.31 kW cao hon so véi TH 1
(201.41 kW), nhung chi s6 LBF va s 1an chuyén khda NSW di duoc cai thién dang
ké so voi TH 1. Ching lan luot giam tir {0.023, 10} xudng {0.0098, 6}. So vai cac
phuong phap FMA [23], HPSO [25] va DPSO-HBMO [26], ton that cong suat thu
duoc tir RRA ¢6 cao hon 3.2396 kW, nhung rd rang RRA chi mat ¢6 6 1an van hanh
khda so véi 12 1an van hanh khéa khi str dung cac phuong phap trén. Két qua so sanh
su can bang giira cac ham muyc tiéu cia RRA so véi ba phuong phép trén & Bang 3.18
cho thay su cac su can bang giita cac ham thanh vién thu duogc tir RRA 14 {0.7359,
0.8384, 0.7182, 0.8 va 0.9139} tét hon so v6i {0.8601, 0.8016, 0.6499, 0.5 va 0.9252}
thu duoc tr cac phuong phap khéc.
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Bang 3. 16. Két qua so sanh RRA véi cac phuong phéap khéc trén LDPP 70 nut.

Phuong | Khéa | AP Vmin Max _
ohap  mo | (kW) | () | BY | anrae) |FBE O [LBR [ NSW
TH 1: Ham don muc tiéu cuc tiéu ton that cong suat

51, 70,

13, 66, [1.2007,

30, 45, 1.4977,
RRA 75 76 201.41 | 0.9311 | 0.0063 | 0.2989 | 0.0230 1.5377. 10

77, 78, 1.4512]

79

66, 79,

77, 51, [1.2863,
SAPSO |30, 70, 1.4977,
[114] 46, 75, 202.26 | 0.9316 | 0.0062 | 0.2911 | 0.0090 1.4735. 8

78, 76, 1.4308]

71

66, 79,
swso 75 i
MSFLA 46’ 75’ 202.26 | 0.9316 | 0.0062 | 0.2911 | 0.0090 1'4735’ 8
[114] 15 4735,

78, 76, 1.4308]

71

66, 79,

77, 51, [1.2863,
MSFLA | 30, 70, 1.4977,
[114] 46, 75, 202.26 | 0.9316 | 0.0062 | 0.2911 0.0090 1.4735. 8

78, 76, 1.4308]

71
TH 5: Ham da muc tiéu

69, 37,

71, 67, [1.2807,

73, 45, 1.4449,
RRA 75. 76 208.31 | 0.9283 | 0.0064 | 0.2929 0.0098 1.4625, 6

77, 78, 1.5069]

79

14, 79,

71, 39, [1.2871,
FMA 51, 28, 1.4471,
23] 73 67, 205.07 | 0.9273 | 0.0066 | 0.2890 0.0085 1.4733. 12

46, 76, 1.4865]

70

71




Phu’O’ng Khéa AP Vmin MaX )
ohap  |me | aw) | ) | B | anraey |FBF [ LBR | NSW
14, 79,
71, 39, [1.2871,
HPSO 51, 28, 1.4471,
[25] 73 67 205.07 | 0.9273 | 0.0066 | 0.2890 | 0.0085 14733 12
46, 76, 1.4865]
70
14, 79,
oo |12 i
HBMO ' 71 205.07 [ 0.9273 | 0.0066 | 0.2890 |0.0085 |° 112
[26] 73, 67, 1.4733,
46, 76, 1.4865]
70
1 T
0.98 \ A
_ 096
:;2:094 . i
oS PEPPH Ban diu \ e H
B 0.92| = TH 1 (Ploss) L 4
==TH 2 (1-Vmin) \'\/\’ \_/W
0.9| =™ TH 3 (LBI)
=== TH 4 (LBF)
= TH 5 (Pa muc tiéu)

0.88
0
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20 30

Nut

Hinh 3. 25. Bién d6 dién ap trong cac TH khac nhau trén LDPP 70 nt.

40

50

60

70

Bién d6 dién ap cac nat trong hé théng khi sir dung cac TH khéc nhau ¢ Hinh

3.25 cho thiy dién ap cac nat duoc cai thién dang ké khi s dung cac TH 1, 2 va 5.

Hé s6 mang tai cua cac nhanh trong hé théng (Hinh 3.26) sau khi thyc hién tai cau

hinh ciing duoc cai thién so véi TH ban dau.
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TH 5 (Pa muc tiéu)
TH 4 (LBF)

TH 3 (LBI)

TH 2 (1-Vmin)

TH 1 (Ploss)

Ban diu

Nhédnh

Hinh 3. 26. Hé s6 mang tai trén cac nhanh trong cac TH khac nhau trén LDPP 70
nat.

Béng 3. 17. Gi6i han cua cidc ham thanh vién trén LDPP 70 nut.

Muc Fap F-vmin) | FLai Fnsw FLer
Minimum | 201.41 | 0.0673 | 0.0057 |2 2.68e-4
maximum | 227.53 | 0.0948 | 0.0082 | 22 0.1107

Bang 3. 18. So sanh su can bang giita cac ham thanh vién & TH 5 trén LDPP 70 nt.

Phuong phap | MFap MF@-vmin) | MFLBI MFnsw | MFLBr
RRA 0.7359 | 0.8384 0.7182 |0.8 0.9139
FMA [23] 0.8601 | 0.8016 0.6499 |05 0.9252
HPSO [25] 0.8601 | 0.8016 0.6499 |05 0.9252
DPSO- 0.8601 | 0.8016 0.6499 |05 0.9252
HBMO[26]

Tuong tu hé théng 33 nat, két qua so sanh gitra RRA véi CGA va CSA duoc
trinh bay ¢ Bang 3.19. R4 rang, RRA di cho thay wu diém vuot troi so véi hai phuong
phép trén. RRA c6 thé tim duoc cau hinh ti wu trong ca hai TH trong khi d6 CGA
chi tim dwoc ciu hinh téi uu trong TH 1 va CSA da khong tim duoc két qua ti uu

sau 200 vong lap. Hon nira, gia tri trung binh ctia ham thich nghi thu dugc tr RRA
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thip hon nhiéu so véi CGA va CSA. Trong hai TH, cé4c gi tri nay lan luot 14 205.29
va 0.4391, trong khi d6 chung 1an luot 1a {213.95, 0.801} ddi voi CGA va {288.35,
2.9875} ddi véi CSA. C6 thé thady RRA hoi tu rat nhanh véi kha niang tim kiém giai
phap téi wu toan cuc khi giai bai toan tai cdu hinh. Sé vong lap trung binh trong 50
lan chay cho TH 1 va 5 lan luot 1a {83, 30.27}, trong khi d6i vi CGA va CSA sb
vong lap trung binh lan luot la {168, 130.67} va {143.27, 101.23}.

500 T T T ”
] ==Pic tuy€n hoi tu trung binh cia RRA
450 | =—Dic tuy&n hoi tu trung binh clia CSA

= Dic tuyé€n hoi tu trung binh cia CGA
=== Dic tuy&n hoi tu nhd nhat cda CSA
=== Dic tuyé&n hoi tu nhd nhat cia CGA
=== Dic tuy&n hoi tu nhd nhat cda RRA

N

o

o
I

w
o
o

'ﬁ

Gi4 tri ham thich nghi
w
[$2]
o

(YT 180 190 20Q

2007 llllll rl......q
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S6 vong ldp

250 f+

Hinh 3. 27. Dic tinh hoi tu cia RRA, CGA va CSA trén LDPP 70 nut trong TH 1
sau 50 lan chay trong 200 vong lap.

10 T T
z =DPic tuy€n hoi tu trung binh clia RRA
: =—Dic tuyé&n hdi ty trung binh cia CGA
= o N 5
sl & ===P3ic tuy€n hdi tu trung binh cia CSA
- g . 9 ~, o
= E ====Pic tuy&n hoi tu nhd nhit cia RRA
0 E === Pic tuy€n hoi tu nhd nhi't cia CGA
5 6H3% =*=* Pjc tuyén hoi tu nhd nhat ciia CSA
= -
=) -
= -
S | i
= E 0.
= -
O : I AR NRRRRRRRNRRRRE]]
:
21z .
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So6 vong lap

Hinh 3. 28. Bac tinh hoi tu cia RRA, CGA va CSA trén LDPP 70 nut trong TH 5
sau 50 lan chay trong 200 vong lip.
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Bang 3. 19. Két qua RRA véi CGA va CSA trén LDPP 70 nat véi 200 vong lap.

Phuong
phap

Ham thich nghi

\Vong lap hoi tu

Khoa mo

Max.

Min.

Mean

STD

Mean

STD

Thoi
gian
tinh

toan

(s)

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

RRA

51, 70, 13,
66, 30, 45,
75,76, 77,
78,79

211.35

201.41

205.29

2.498

83.0

56.63

272.83

CGA

51, 70, 13,
66, 30, 45,
75,76, 77,
78,79

500

201.41

213.95

54.065

168.0

41.37

97.13

CSA

51,70, 71,
66, 73, 46,
75,76, 77,
78,79

500

205.03

288.35

123.793

143.27

82.53

58.74

TH 5: Ham da muc tiéu

RRA

69, 37, 71,
67, 73, 45,
75,76, 77,
78,79

0.2818

0.4391

0.176

30.27

29.42

267.64

CGA

51,70, 71,
66, 30, 74,
75,76, 77,
78,79

10

0.3

0.8010

1.755

130.67

56.01

88.01

CSA

69, 37, 71,
67, 73, 74,
75,76, 77,

78,79

10

0.3626

2.9875

3.939

101.23

77.28

43.80

Dé dam bao su so sanh cong bang giita ba phuong phap, sé vong lip 16n nhit

dugc tang 1én 1000 vong ldp. Muc dich cia viée ting s6 vong lap nay la dé dam bao

CGA va CSA c6 thé tim duogc giai phap t6i wu cho bai toan tai cdu hinh. Két qua thuc

hién dugc trinh bay ¢ Bang 3.20, dac tinh hoi tu trong hai trudng hop thu dugc ¢ Hinh

3.29 va 3. 30. Két qua cho thay, mic du ca ba phuong phap déu tim duoc cau hinh

t61 wu, gid tri trung binh va thoi gian tinh toan ciia RRA cao hon so véi CGA va CSA.
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Tuy nhién, RRA héi tu nhanh hon khi giai bai toan tai ciu hinh. That vy, sb vong
lap trung binh trong 50 1an thyc hién doc 1ap 1a 85.47 cho trudng hop 1 va 170.4 cho
truong hop 2, trong khi voi CGA va CSA ching 1an luot 13 {462.73, 439.03} va {575,
545.13}. Vi vay, dua trén $6 vong 1ap hoi tu trung binh, RRA ¢6 thé duoc cai dat véi

s6 vong 13p nho hon so voi CGA va CSA dé tiét kiém thoi gian tinh todn.

500
=—Dic tuy&n hoi tu trung binh clia CGA

450 —Dic tuyé:n hoi tu trung binh ciia CSA
==DPic tuy€n hdi tu trung binh cia RRA
====Pjc tuy&n hdi tu nhd nhi't ctia CSA
====DPic tuy&n hdi tu nhd nhi't cia CGA
===« DPjc tuy&n hdi tu nhd nhi't cia RRA
210
208
206
2041
202

400

350

300

Gid tri ham thich nghi

250

500

0 100 200 300 400 500 600 700 800 900 1000

S6 vong lip

Hinh 3. 29. Dic tinh hoi tu cia RRA, CGA va CSA trén LDPP 70 nut trong TH 1
sau 50 lan chay trong 1000 vong lap.

10 l I =—Dic tuyé&n hdi tu trung binh cia CSA
=—Dic tuy&n hoi tu trung binh cia CGA
8 =—Dic tuyé&n hoi tu trung binh ctia RRA
u= ===« Pic tuy&n hdi tu nhd nhi't cia RRA
E’ -=+=Dic tuy&n hoi tu nhd nhit chia CSA
2 3 § ====Dic tuy&n hoi tu nhd nhat cda CGA
g 0.45 p=
% 4§ 0.4 e
=] TH
-‘(‘DE 0.35 :
"
2 R R S S e 7
1000
0 bl sl I I \ \ 1 1

0 100 200 300 400 500 600 700 800 900 1000

S6 vong ldp
Hinh 3. 30. Bac tinh hoi tu cia RRA, CGA va CSA trén LDBPP 70 nat trong TH 5
sau 50 lan chay trong 1000 vong lap.
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Bang 3. 20. Két qua RRA véi CGA va CSA trén LDPP 70 nit v6i 1000 vong lap.

Phuong
phap

Khoéa mo

Ham thich nghi

\Vong lap hoi tu

Max.

Min. Mean

STD

Mean

Max.

Thoi gian
tinh toan

(s)

TH 1: Ham don muc t

iéu giam ton that cong suat

RRA

51, 70,
13, 66,
30, 45,
75, 76,
77,78,79

210.74

201.41 | 204.85

2.1823

85.47

62.91

1468.43

CGA

51, 70,
13, 66,
30, 45,
75, 76,
77,78,79

206.83

201.41 | 202.82

1.7606

462.73

252.28

576.44

CSA

51, 70,
13, 66,
30, 45,
75, 76,
77,78, 79

205.94

201.41 | 203.68

1.3114

975

187.70

1120.99

TH 5: Ham da muc tiéu

RRA

69, 37,
71, 67,
73, 45,
75, 76,
77,78, 79

0.5229

0.2818 | 0.3810

0.0789

170.4

277.14

1251.76

CGA

69, 37,
71, 67,
73, 45,
75, 76,
77,78, 79

0.4484

0.2818 | 0.3118

0.0545

439.03

243.54

607.58

CSA

69, 37,
71, 67,
73, 45,
75, 76,
77,78, 79

0.3174

0.2818 | 0.2952

0.0166

545.13

209.73

1080.46
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3.3.3.4. Anh hwéng caa cac thong sé diéu khién thuat toan RRA dén két qua
bai toan tai cau hinh

Pé 4p dung RRA vao giai bai todn tai cau hinh, mot s théng sé can duoc lya

chon trudc khi thuc hién giai thuat. Vi vay, viéc danh gia sy anh hudng cua cac thong

s6 nay dén két qua bai toan 1a mot van dé can dugc xem xét. Bé phan tich sy anh

huong nay, ludi dién 33 nit duoc st dung dé thuc hién bai toan tai ciu hinh giam tén

that cong suat.

Pé phan tich sy anh huong cua gid tri drunner VA droot, $6 lugng cay me Npop, chi
s6 thay do6i twong d6i cua ham thich nghi tét nhat trong hai vong lap lién tiép tol, sé
vong lap dé khai dong lai giai thuat Stallmax, $6 vong 1ap 16n nhat itermax 1an luot dugc
chon 12 {20, 0.01, 50 va 150}. Gi4 tri ctia drunner VA droot 1an luot duge diéu chinh tir
2-100 va 1-50. Két qua thuc hién sau 30 lan chay doc lap duoc cho & Bang 3.21. Két
qué cho thay, gid tri tot nhat ctia drunner VA droot 12 {4, 2}. Ngoai ra, khi cac gia tri nay
cang 16n, RRA s& kho tim duoc giai phéap t6i vu hon. Piéu nay duoc giai thich do cac
cay con nhay qué xa so V4i cac cdy me va diéu nay di 1am ting tinh ngiu nhién caa
bai toan. Pac tinh hoi tu trung binh trén Hinh 3. 31 cho thay gia tri tét nhat va xau
nhét ctia drunner VA droot 1an luot 14 [4, 2] va [100, 50].

160
[20,10]
[10,5]
[6,3]
-z 155 —4,2]
o —[2,1]
= — [100,50]
g - - [80,40]
= 150 ——[60,30]
= [50,25]
T [30,15]
< [40,20]
5 145 —
Oy
140 s
| |
0 50 100 150

Vong ldap

Hinh 3. 31. Bic tinh hoi tu trung binh khi diéu chinh drunner Va droot.

78



Tuong tu, anh hudng cua chi sé thay doi twong dbi cua ham thich nghi tét nhat
trong hai vong lap lién tiép tol dwgc phan tich va két qua duoc trinh bay & Bang 3.22.
Két qua cho thay RRA thu duoc két qua tét nhat vai tol bang 0.001. Tuy nhién, dya
trén gia tri trung binh cua ham thich nghi c6 thé thay riang théng sé nay khong anh

huong nhiéu dén két qua bai toan.

Bing 3. 21. Anh huéng cta drumer VA droot dén két qua tinh toan.

Ham thich nghi (ton that cong e A
[drunner ) SUét, kW) Vong Iap hQI ty Khéa md

droot] .

Min. Mean STD | Mean STD
[2, 1] 139.5543 | 144.0716 |3.9062 | 39.8 |38.6107 |[7,14,9, 32, 37]
[4, 2] 139.5543 | 139.5543 | 8e-14 |34.97 | 18.6372 |[7,14,9, 32, 37]
[6, 3] 139.5543 | 139.5543 | 8e-14 | 46.03 | 26.6930 |[7, 14,9, 32, 37]
[8, 4] 139.5543 | 139.5785 |0.1328 | 56.23 | 35.6232 |[7, 14,9, 32, 37]
[10,5] |139.5543 | 139.5543 |8e-14 |71.83 |37.8482 |[7,14,9,32,37]
[12,6] | 139.5543 | 139.8484 |0.9482 | 74.03 | 33.1262 |[7, 14,9, 32, 37]
[14,7] |139.5543 | 139.8717 |0.8579 | 86.60 | 35.6396 |[7, 14,9, 32, 37]
[16,8] |139.5543 | 139.8716 |0.5879 | 78.30 | 38.9059 |[7, 14,9, 32, 37]
[18,9] | 139.5543 | 140.3057 |1.1843 |92.73 | 40.9676 |[7,14,9, 32, 37]
[20, 10] | 139.5543 | 140.3710 | 1.0277 | 94.30 | 34.8595 |[7, 14,9, 32, 37]
[30, 15] | 139.5543 | 140.6620 | 1.5855 |88.50 |33.4713 |[7, 14,9, 32, 37]
[40, 20] | 139.5543 | 141.9646 |2.3208 | 91.83 | 36.0451 |[7, 14,9, 32, 37]
[50, 25] | 139.5543 | 142.689 |2.0538 |87.2 |40.8803 |[7,14,9,32,37]
[60, 30] | 139.5543 | 142.2367 | 2.6595 | 98.77 | 30.8541 |[7, 14,9, 32, 37]
[80, 40] | 139.5543 | 143.2502 | 1.8679 | 108.5 | 33.7329 |[7, 14,9, 32, 37]

[100,
50]

139.5543 | 145.0261 | 3.5754 |99.37 | 39.1236 | [7, 14,9, 32, 37]

Giai phap tbi vu thu duge khi diéu chinh gia tri Stallmax trong khoang [3, 100]
dugc cho & Bang 3.23. C6 thé thay ring gia tri cia Stallmax anh huong nhiéu dén giai

phap thu duoc. RO rang khi gia tri nay nam trong khoang [3, 20], d6 léch chuan cua

79



gia tri ham thich nghi tét nhat trong 30 lan thuc hién gan nhu bang khéng. Va khi
Stallmax ting cao, &6 1éch chuan da c6 su thay d6i theo chiéu hudng xau hon. R3 rang,

k¥ thuat khoi dong lai giai thuat da giap cho RRA tranh dugc céac diém cuc trj dia

phuong.
Bang 3. 22. Anh huong cua tol dén két qua tinh toan.
Ham thich nghi (ton that con . .
9 (ton tha g Vong lap hoi tu
tol suat, kW) Khoa mé

Min. Mean STD Mean STD
0.001 | 139.5543 | 139.5543 | 8e-14 3297 |18.8670 |[7,14,9,32,37]
0.01 |139.5543 | 139.7912 |1.2981 |34.90 |19.7979 |[7,14,9,32,37]
0.1 |139.5543 |139.7912 |1.2981 |31.43 |22.2225 |[7,14,9,32,37]
1 139.5543 | 139.7756 | 1.2121 |42.20 |33.2902 |[7,14,9, 32, 37]
10 139.5543 | 140.2495 | 2.1227 |40.27 |29.6705 |[7,14,9, 32, 37]
100 | 139.5543 | 140.2339 |2.0749 |31.93 |21.1023 |[7,14,9,32,37]
1000 | 139.5543 | 139.7912 |1.2981 |26.10 |19.5613 |[7,14,9,32,37]

Bang 3. 23. Anh huong cua Stallmax dén két qua tinh toan.

il Ham thl’chszg:i k(\t/i)/;] that cong véng lap hoi tu e
Min. Mean STD | Mean | STD

3 139.5543 | 139.5543 | 8e-14 31.13 | 19.8403 |[7, 14,9, 32, 37]
5 139.5543 | 139.5543 | 8e-14 36.20 | 19.2809 | [7, 14,9, 32, 37]
10 139.5543 | 139.5543 | 8e-14 28.37 | 22.6312 | [7,14,9, 32, 37]
15 139.5543 | 139.5543 | 8e-14 34.03 | 23.0149 |[7,14,9, 32, 37]
20 139.5543 139.5543 | 8e-14 34.43 | 21.9728 | [7, 14,9, 32, 37]
30 139.5543 | 140.0125 |1.7452 |33.93 | 18.0324 |[7, 14,9, 32, 37]
40 139.5543 139.7756 | 1.2122 |34.60 | 16.6415 | [7, 14,9, 32, 37]
50 139.5543 | 139.7756 |1.2121 |30.80 | 19.1643 |[7, 14,9, 32, 37]
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Ham thich nghl (ton that cong véng lap hoi tu ,
Stallmax suat, kW) Khéa mo
Min. Mean STD Mean STD

60 139.5543 139.5543 | 8e-14 43.33 | 35.6877 | [7, 14,9, 32, 37]
70 139.5543 140.0125 | 1.7452 | 32.83 | 22.4593 | [7, 14,9, 32, 37]
80 139.5543 139.7756 | 1.2121 | 35.63 | 25.4619 | [7, 14,9, 32, 37]
90 139.5543 139.9969 | 1.6844 |34.90 | 25.3109 |[7, 14,9, 32, 37]
100 139.5543 140.0125 | 1.7452 | 33.77 | 22.8302 | [7, 14,9, 32, 37]

3.4. Nhan xét va két luin

Trong chuwong nay, phuong phap tai ciu hinh LDPP giam t6n that cong suat dua
trén thuat toan CSA da duoc thuc hién trén cac hé théng dién phan phéi tor quy mo
nho nhu ludi IEEE 33 nat dén hé thong c6 quy mé 16n nhu ludi IEEE 119 nat. Két
qua tinh toan dugc so sanh voi phuong phap CGA va PSO va mot s6 nghién ciru da
cong bo.

Trong qua trinh thuc hién tai cau hinh bang thuat toan tim kiém t&i uu néi chung
va thudt toan CSA noi riéng, cac thuat toan can duoc diéu chinh dé phu hgp va nang
cao hiéu qua trong qua trinh tim kiém cau hinh ludi ti wu, cu thé:

Phuong phép ma héa cac bién: Dbi voi bai toan tai cdu hinh, ciu triic hinh hoc
ctia LDPP duoc thé hién day du thong qua cac khoa dién md va sb luong khoa mo
nay ludén luén dugc xac dinh trude. Vi vay, cac bién can tim trong thuat todn chi can
la thong tin vé cac khoa dién mo. Ngoai ra, viéc thé hién thong tin cac khoa dién méd
bang cac sd nguyén sé& gitip bai toan trd nén don gian hon nhiéu so véi cac dang thé
hién khac nhu kiéu sb nhj phan.

Xac dinh khong gian tim kiém ctia cac bién: Ro rang doi v6i mdi bién khoa mo
¢6 rat nhiéu lya chon ngﬁu nhién nhét 1a d6i véi cac hé théng LDPP 16n. Hon nita to
hop ngau nhién cic khéa dién dé tao thanh cac cu hinh ludi xem xét s& rat 1on, trong
d6 s& c6 rat nhiéu cdu hinh khong théa man diéu kién rang budc vé ciu hinh hinh tia,

cac phu tai déu duoc cép dién. Vi vay, viéc xay dung phuong phap gidi han khong
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gian tim kiém ctia mdi khoa mé 1a diéu quan trong dé giup giai thuat hiéu qua hon
trong qua trinh tim kiém giai phap t6i vu. Ngoai ra, phuwong phép xac dinh khong gian
tim kiém cua mdi khoa dién thong qua viéc xac dinh cac vong co s& dya trén ma tran
két ndi nhanh va nat trong h¢ théng. Sau do, ma tran két ndi duoc cap nhat dé tiép
tuc str dung trong phuong phap kiém tra cdu hinh luéi c6 phai 1a hinh tia hay khéng
da giup nang cao hi¢u qua tinh toan cua phuong phéap.

Tir két qua so sanh c6 thé thiy khi 4p dung ba phuong phép trén vao bao toan
tai cAu hinh can luu y mot s6 diém nhu sau:

Thuat toan PSO c6 dic diém 1a twong dbi don gian, dé thuc hién, thoi gian tinh
todn tuong dbi nhanh. Tuy nhién, thuong thi PSO dé roi vao cac cuc tri dia phuong,
nhat 13 trén cac hé théng phan phdi 16n. Vi vay, khi sir dung trén cac hé thong phan
phdi nho, s6 lugng khoa mo va khong gian tim kiém mdi khoa dién han ché thi PSO
1a mdt trong nhiing giai phap dugc lya chon.

Thuat toan CGA cho thiy sy hiéu qua cia né trong viéc giai bai toan tai cau
hinh dic biét 1a cac hé thong nho va trung binh. Trén cac hé thong nay, mic du trong
nhiéu 1an thuc hién khac nhau, nhung 16 rang CGA déu cho két qua 1a cac giai phap
tdi wu toan cuc, diéu nay duogc thé hién qua sy so sanh gia tri trung binh véi gia tri
nho nhit ctia ham thich nghi trén hai hé théng 33 va 69 nat. Ngoai ra, thoi gian tinh
toan ngin hon so voi CSA 1a mot uu diém 16n ciia CGA trén cac hé thong nay. Tuy
nhién, do dac tinh hoi tu sdm hon so voi CSA, nén trén cac hé théng 16m, phuc tap
giai phap thu duoc trén CGA khong t6t hon so vai CSA.

Thuat todan CSA 1a mot thuat todn manh trong gidi bai toan tai cau hinh bao gdm
ca cac hé thong phan phdi nhé dén 16n. Su chénh 1éch gitta cac gia tri 16n nhit, nho
nhit va trung binh ciia ham thich nghi 1a rat nho, diéu nay cho thay su on dinh cia
CSA trong viéc giai bai toan tai cau hinh. Tuy nhién, do trong mdt vong lip CSA
thudng phai ddnh gia ham thich nghi hai 1n nén thoi gian thyc hién tinh toan thuong
16n hon so véi cac phuwong phap khac. Mic du trong van hanh LDPP, bai toan tai ciu
hinh LDPP khong yéu cdu phai thyc hién trong thoi gian thuc, nhung day van duoc

xem nhu nhugc diém 16n nhat cua CSA can dugc khac phuc d€ nang cao hi¢u qua
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ctia phuong phép trong qua trinh giai bai toan tai ciu hinh LDPP.

Ngoai ra, phuong phép tai cdu hinh da muc tiéu s dung thuat toan RRA da
duoc &p dung thanh cong. Ham muc tiéu xem xét trong bai toan 1a giam ton that cong
suit, chi sb can bang tai, chi s6 can bang giita cac xuat tuyén, do léch dién &p nat va
s6 1an chuyén khéa. Phuwong phap max-min duoc sir dung dé lya chon giai phap thoa
hiép giita cAc ham muc tiéu thanh vién. Phuong phap dé xuat da duoc kiém tra trén
hai hé théng 33 va 70 nat. Két qua tinh toan cho thay phuong phap RRA c6 kha nang
tim dugc cau hinh van hanh LDPP véi s6 vong lip nho hon nhiéu so véi phuong phap
CGA va CSA. Ngoai ra, trong chuong nay su anh hudng cua cac thong sb diéu khién
giai thuat RRA dén két qua bai toan tai cau hinh ciing da duoc phan tich va danh gia

1am co so cho viéc lya chon théng sé phi hop khi giai bai toan tai cau hinh LDPP.
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Chuong 4
TAI CAU HINH LDPP CO XET PEN MAY PHAT

PIEN PHAN TAN

4.1. Giéi thi¢u

May phat dién phan tan (Distributed Generation - DG) dugc két ndi truc tiép
dén LDPP. Do nhirng lo1 ich kinh té va an ninh nang luong, su xuét hién cua DG trén
LDPP ting 1én nhanh chéng [31], [32]. Anh huéng ctia DG 18n hé thong dién di thu
hat dugc nhiéu su quan tAm ciia cac nha nghién ctru [33-37]. Mot s6 nha nghién ctu
d3 két hop bai toan tai cdu hinh LDPP véi bai toan toi wu vi tri va dung luong DG dé
nang cao hiéu qua LDPP [38-40]. Piém dang chd ¥ 14 ca hai nghién ciru [39-40] da
st dung cac k¥ thuat khac nhau dé xac dinh vi tri DG trude khi thuc hién giai bai toan
tai cAu hinh va t6i wu cong suit DG nhu hé sé nhay ton that (Loss Sensitivity Factors
- LSF) trong [39], va chi s on dinh dién ap (Voltage Stability Index-VSI) [40]. Do
boi vi tri cta cac DG duoc xé4c dinh trude dua trén LSF hodc VSI trén cAu hinh LDPP
ban dau, ca hai phuong phap trén chi tap trung t6i vu cong suit phat cia cac DG. Tuy
nhién cac thong sb nay co thé thay doi trong qua trinh tai cau hinh va t6i uu DG trén
LDPP nhét 14 trén hé thong c6 nhiéu DG.

Ngoai ra, ké tir khi dugc dé xuat bai Merlin and Back [4], bai toan tai cu hinh
d3 duoc giai bang nhiéu phuong phap khac nhau tir cac phuong phap heuristic [4],
[6], [83] dén cac phuong phap heuristic tong quat [39], [95], [112], [115-118]. Céc
nghién ciru trén tap trung giai bai toan véi phu tai ¢ dinh. Tuy nhién, trong thyc té
nhu cau phu tai c6 thé thay doi, bai toan tai cau hinh can thiét phai xem xét dén diéu
kién hé thong thay doi trong khoang thdi gian cho trude. Vi vay, bai toan tai cau hinh
c6 xét dén phu tai thay do6i da thu hit duoc sy quan tAm cta nhiéu nha nghién ciru.
Taleski va cong su [51] dé xuat phuong phép heuristic két hop véi cac dic tinh ciia
d6 thi phu tai dé cuc tiéu ton that ning luong. Trong [3], [82] phuong phap heuristic

vong kin két hop voi sir dung cong suat trung binh ctia phu tai trong thoi gian khao
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sat duoc st dung dé x4c dinh cAu tric van hanh cuc tiéu ton that nang luvong. Uu diém
ctia phwong phép trén 13 chi can sir dung cong suét trung binh ctia phy tai ma khong
can sir dung do thi phu tai trong qué trinh tinh toan. Trong [119], phuong phap tiép
can timg bude duge dé xuat dé giai bai toan tai cau hinh c6 xét dén phu tai thay do6i
v6i ham muyc tiéu giam ton that nang lugng va chi phi tai ciu hinh. Tuong ty, trong
[47], thuat toan di truyén dugc dé xuat dé tim thoi diém tdi vu trong thoi gian khao
sat dé thay do6i cdu hinh van hanh dya trén chi phi ton that niang luong va chi phi
chuyén khoa. Trong [46], [48], [120], bai toan tai cdu hinh khi nhu cau phu ti thay
d6i va cong suat DG thay doi duge xem xét. Trong [48], muc dich cua bai toan 14 xac
dinh cac cau trac ludi dién khi phu tai thay d6i c6 xét ¢én DG pin mit troi trong ngay.
Tuong tu, bai toan xac dinh cac cdu tric van hanh trong ngiy giam ton that ning
luong va nang cao d tin cdy duogc thuc hién trong [120]. Trong [46], bai toan tai cdu
hinh khi phu tai thay doi dugc xem xét véi véi cac loai may phét phan tan khac nhau
nhu turbin gio, pin mit troi, DG sinh khdi theo timg mua giam ton that ning luong
va chi phi chuyén khoéa. Tuy nhién bén canh cic nghién ciru c6 xét dén su thay doi
dong thoi ciia phuy tai va DG, rat nhiéu nghién ctru tap trung xac dinh vi tri va cong
sudt ctia DG c¢6 xét dén tai cau hinh ludi nhung khong xem xét dén cac dac tinh theo
thoi gian cua cac DG [10], [39-40], [46], [49], [52], [121-122]. Trong khi d6, ddi véi
c4c ngudn dién phan tan st dung cac ngudn ning luong mdi nhu turbin gié hay pin
mit troi, su thay d6i cong suét phat ciia chiing trong khoang thoi gian khao sat can
duoc xem xét khi giai bai toan tai ciu hinh LDPP ¢6 DG trong diéu kién phu tai thay
d6i. Trong chwong ndy, dua trén phuong phap duoc dé xuat trong [3], [82], mot
phuong phap tai cdu hinh c6 xét dén phu tai va cong suat DG thay d6i duoc dé xuat.
4.2.  Anh huéng ciia DG dén bai toan tai cAu hinh LDPP
4.2.1. M0 hinh toan

Céc ngudn ning lugng tai tao cd cong sudt tir vai chuc dén vai trim MW thuong
duogc nbi dén hé thong dién cao ap. Khi do, trong thi truong dién co huy dong cac loai
ngudn dién nay, c6 thé dan dén viéc thiéu hut nang luong cung cap cho cac tuyén diy

O cap trung thé vi co6 su bién dong cong suat theo thoi gian ciia cac nguon nang luong
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tai tao ndy ma khong thé diéu khién dugc do su phu thudc ctia chiing vao cac diéu
kién moi trudng. Trong tinh hubng nay, dé dam bao viéc cung cip du ning luong cho
cac tuyén day & cap trung thé ma khong 1am thay doi gia mua ban dién tai thanh gop
trung thé can c6 cac DG c6 kha ning diéu khién dugc cong suat nhu hé théng may
phat dau, pin nhién liéu...co cong suat nho thuong duoc lip & LDPP dé phat bu lai
lwong cong suat thiéu hut trén cac tuyén day trung thé. Ngoai ra, cac loai DG nay
cling ¢6 thé dugc huy dong phat cong suat 1én ludi trong cac gio cao diém. Vi vay,
viéc xac dinh vi tri va cong suét toi vu cua cac loai DG nay trén LDPP dé giam ton
that cong suat, phat huy tdi da hiéu qua cta céac loai DG niy c6 ¥ nghia quan trong.
Ngoai ra, khi DG dugc lép dat trén LDPP, bién d¢ dién ap cac nut s€ tdng lén va an
ninh dién &p s€ dugc cai thién. Trong do, mirc do 6n dinh dién ap cua LDPP duoc mo
ta bang chi s6 VSI [37], [123]. Xét LDPP don gian nhu Hinh 4.1, chi s6 6n dinh dién

ap VSI dugc xac dinh nhu sau:

V, 28, V,28, V3483
) )
1 | 2 l 3 l
PLi+jQu P2 +jQL2 Pis +jQus

Hinh 4. 1. So d6 twong dwong ciia LDPP.
Dong dién trén nhanh 1-2:
_ V1461 - V2462

I, = 4.1

! R+ jX (4.1)
P, — jQ;

[, =—=_-=< 4.2

1=V oos, (4.2)

Trong d6, P, + jQ, 1a dong cong suit di vao nut 2, dugc xac dinh bing téng
cong suat phu tai cia cac nit sau nlt 2 va cd két ndi dén ndt 2, cong suat phu tai tai

n(t 2 va ton that cong suat trén cac nhanh sau nut 2 va co két ndi dén nat 2.

T biéu thie (4.1) va (4.2), ta co:
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V148, = V26, Py —jQ,

R+jX  V,2-6, (43)
(V1 28, = V,26,)Vo—8, = (P, —jQ,)(R + jX) (4.4)

ViVyc0s(8; — 8,) + jViV,sin(8; — 8,) = Vo? + PR + QX + j(P,X —
Q2R) (4.5)

Tach phan thuc, phan ao va binh phuong hai vé rdi cong hai phuong trinh ta

duoc:
Vi2V,% = (V% + PR + QuX)” + (P,X — QuR)? (4.6)

RUt gon phuong trinh, ta dugc:

V,* = V2 (V2 — 2P,R — 2Q,X) + (P2 + Q2)(R? + X%) = 0 (4.7)

Pit
b =V,*—2P,R — 2Q,X (4.8)
c=(PF+Q3)(R*+X?) (4.9)
VYr—bV,>+c=0 (4.10)

R& rang phuong trinh trén c¢6 nghiém (t6n tai phan bé cong suat hop 18) khi:
b% —4c >0 (4.11)
[Vi2 = 2P,R + 2Q,X)|" — 4(P2 + Q)(R? + X?) = 0 (4.12)
V,* —4(P,R + Q,X)V,% + 4(P,R + Q,X)?> —4(P2 + Q3)(R* +X?) >0  (4.13)
R0t gon biéu thire, ta dugc:
Vi* — 4(P,R + Q,X)V,% — 4(P,X — Q,R)?> > 0 (4.14)
Pit
VSI, = V;* — 4(P,R + Q,X)V,* — 4(P,X — Q,R)? (4.15)
Trong d6 VSI, duoc goi 1a chi sé 6n dinh dién 4p caa nat thir hai. Bé van hanh
LDPP 6n dinh ta c6:
VSI; = 0,v6ij = 2,3, ..., Nbus (4.16)
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R6 rang ndt cé chi sb VSI bé nhat trong LDPP hinh tia c6 kha nang sup d6 dién
&p cao nhat so vai cac nit con lai trong hé théng.

Nhu vy, ham muc tiéu dé xuat khi thuc hién tai ciu hinh c6 xét dén tdi wu vi
tri va cong suit DG bao gém cuc tiéu ton that cong suit va do léch VSI dugc mo ta
nhu sau:

minimize F = APJ . + AVSI (4.17)

Trong d6, APR dugc xac dinh bang ti s6 giita ton that cong suat sau va trude

khi thuc hién tai cau hinh:

kR _ Ploss
APjpss = PO (4.18)
loss
1-VSI;
AVSI = max (f’) V=2 Ny (4.19)

Khi thyc hién tdi wu vi tri va cong suat DG trén LDPP diéu kién rang budc vé
gidi han cong suét cia cac DG can duge thoa man:
0 < Ppgi < Pogmaxis 1=1,2,.. Nog (4.20)
Ngoai ra, c4c rang budc cua bai toan tai cau hinh nhu rang budc vé dién ap, dong
dién va cau hinh hinh tia can duoc thoa man.
4.2.2. Tai cau hinh LPPP c6 xét dén DG sir dung thuat toan CSA
Dé danh gia anh hudng cua DG dén két qua bai toan tai cau hinh LDPP, thuét
toan CSA dugc str dung dé giai bai toan. Tuy nhién so v&i bai toan tai c4u hinh, bai
toan tai ciu hinh két hop véi t6i wu vi tri va cong suat DG c6 khong gian tim kiém
16n hon, kich thudc cua vector gidi phap 16n hon va dugc ma hoa nhu sau:
X; = [Tiel, ..., Tielo,Lo.DG}, ..., Lo. DGL, Size. DG!, ...,Size.DGL]  (4.21)
Trong do, Ties, Tiey, ..., Tieno la cac khdéa mo trong cac vong co s tuong ung
FL1 dén FLno. L0.DGy, L0.DG,, ..., Lo.DGn la cac nut dugc lap dit DG va Size.DGy,
Size.DGy, ..., Size.DGm 13 cong suit phat (MW) cta cac DG tuong tmg. NO va m lan
luot 1a s6 lugng khoa mé va sb lugng DG duoc lap dit trén LDPP.

Trong giai doan khdi tao clia thuat toan, vector giai phap i dugc khai tao ngau
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nhién nhu sau:

Tie; = round [Tie{ower‘d1 + rand X (Tie,imper'd1 — Tieliower,dl)] (4.22)
Lo.DG; = round [Loliower'd2 + rand X (Lofmper'd2 - Loliower,dz)] (4.23)
Size.DG; = [Sizeliower‘d3 + rand X (Sizefmper'd3 - Sizel"ower'd3)] (4.24)

Trong d6d1=1,2...NO,d2=1,2... mvads=1, 2... m. Ti€liowerd1 Va Ti€upper,d1
lan luot 12 s6 thtr tw nho nhat va 16n nhat cua cac khoa dién trong vong co so thir di
ciia LDPP. Cac DG c6 thé duoc lap dit tai tat ca cac nat trong hé thong ngoai trir n(t
nguon. Vi vay, giéi han nhoé nhat (Loiower,s2) Va 16n nhat (Loupper,a2) ctia vi tri DG lan
luot dugc gan bang 2 va nit 16n nhat trong hé théng va gidi han cong suit DG duoc
dat tir 0 dén cong suét 16n nhat ciia mdi DG.

Céc budc tao ra gidi phap mai st dung phép Lévy flight va qué trinh phat hién
trung la dugc thuc hién twong tu nhu bai toan tai cAu hinh giam ton that cong suét str
dung thuat toan CSA va thuat todn s€ dugc dung lai sau khi dat mot s6 1an 1ap duoc
xac dinh truoc.

4.2.3. Két qua tinh toan

Dé phan tich anh hudng cta vi tri va cong suat DG dén bai toan tai cau hinh,
phuong phap tai cau hinh LDPP c6 xét dén DG str dung thuét toan CSA dugc ap dung
trén ba LDPP 33, 69 va 119 n(t nhu & Chuong 3 va c6 lap dit thém mot sé DG. Mic
du phuong phap dé xuat c6 thé duoc ap dung cho bai toan ¢ nhiéu DG, song dé so
sanh v&i cac nghién ciru dd cong b, sé luong DG dugc gidi han 13 ba va cong suit
DG dugc gidi han trong khoang 0 - 2 MW trén hai hé thong 33 va 69 nat va 0 - 5
MW trén LDPP 119 nit. Gia thiét ton thit cong suit may bién ap, cac khi cu dién va
dac tinh cua cac loai DG dugc bd qua trong qua trinh tinh toan. Trong qua trinh mo
phong, bay TH sau dugc phan tich va so sanh két qua:

TH 1: C4u hinh lu6i ban dau.

TH 2: Hé thong duoc tai cau hinh.

TH 3: Vi tri va cong suit DG dugc toi vu trén cau hinh ludi ban dau.

TH 4: Vi tri va cong suat DG duoc tbi wu trén cdu hinh d3 duoc tdi wu & TH 2.

TH 5: Hé thé)ng duoc tai cAu hinh sau khi lép dat DG & TH 3.
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TH 6: Hé théng duoc tai cau hinh két hop voi tdi wu cong phat DG (Vi tri DG
duoc xac dinh truée dua trén chi sb VSI trén ciu hinh ban dﬁu)

TH 7: Hé théng duoc tai ciu hinh két hop véi ti wu vi tri va cong suat DG
4.2.3.1. LDPP 33 nut

Thong s6 cua thuat toan CSA dugc sir dung trén LDPP 33 nut la ) luong td
chim Np = 30, x4c suat phat hién trimg la Pa= 0.2, s6 vong lap 16n nhat ltermax= 2000,
Két qua tinh toan dugc trinh bay trong Bang 4.1. Tir Bang 4.1 cho thdy, ton that cong
suat da giam tir 202.68 kW trong cau hinh ban dau dén 139.98, 74.26, 58.79, 62.98,
63.69 va 53.21 lan luot sir dung cac TH 2, 3, 4, 5, 6 va 7 tuong tng véi 30.93%,
63.26%, 71.0%, 68.93%, 68.58% va 73.75%. Bién d¢ dién &p cac nut da dugc cai
thién dang ké v&i dién ap thap nhat trong hé thong trong cau hinh ban dau da ting tir
0.9108 p.u. dén 0.9413, 0.9778, 0.9802, 0.9826, 0.9786 va 0.9806 p.u. khi sir dung
TH 2 dén TH 7. Hon nita, chi s VSI da duoc cai thién tir 0.6978 dén 0.7878, 0.9118,
0.9264, 0.9354, 0.9202 va 0.9318 khi st dung TH 2 dén TH 7. R& rang, mirc giam
ton that cong suat thu duoc trong TH 7 13 16n nhat. Piéu dé cho thay vi tri dat DG
cling can duoc t6i vu dong thoi voi qua trinh tai cdu hinh va téi vu dung lugng cua

DG.
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Hinh 4. 2. So sanh dién ap cac nut trong cac TH trén LDPP 33 nut.
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Bang 4. 1. Két qua tinh toan trén LDPP 33 nut.

TH | Muc iﬁgfng phapde | r\yA [40] HSA [39]
TH1 |Khéamo | 33,34, 35,36, 37 | - :
AP (KW) 202.68 : :
Vain (D) | 0.9108 : :
VSlmin 0.6978 : :
TH2 |Khéamo | 07,14,9,32,28 | 7,14, 9,32, 28 7.14,9, 32, 37
AP (kW) 139.98 139.98 138.06
AP (%) 30.93 30.93 31.88
Vain (0U) | 0.9413 0.9413 0.0342
VSlmin 0.7878 § §
TH3 | Khéamo | 33,34, 35, 36, 37 | 33, 34, 35, 36, 37 33, 34, 35, 36, 37
Pos (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
Ve (pU) | 0.9778 0.9680 0.9670
VSlmin 0.9118 § ;
TH4 |Khéamo | 7,14,9,32,28 | 7,14, 9,32, 28 7.14,9, 32, 37
Pos (MW) | 1.7536 (29) 0.5996 (32) 0.2686 (32)
(nit) 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
Vain (0U) | 0.0802 0.9612 0.9479
VSl 0.9264 ; i
TH5 |Khéamo | 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)
AP (KW) 62.98 68.28 :
AP (%) 68.93 66.31 :
Ve (pU) | 0.9826 0.9712 :
VSloin 0.9354 § :
TH6 |Khoamo | 7,10, 13,32, 27 | 7,14, 11, 32, 28 7,14, 10, 32, 28
Pos (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
Vi (0U) | 0.9786 0.9713 0.9700
VSlmin 0.9202 ; §
TH7 | Khéamo | 33,34, 11,31, 28 | - :
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TH | Muc zﬁgt‘mg phapde | r\y A [40] HSA [39]
Poc (MW) | 0.8968 (18) ; ;
(nat) 1.4381 (25)
0.9646 (7)

AP (kW) 53.21 : :
AP (%) 73.75 : :
Vain (0U) | 0.9806 : :
VSl 0.9318 : :

Chat luong dién ap (dugc thé hién & bién d6 va chi sb VSI tai cac nut) trong cac
TH duoc so sanh va thé hién trong Hinh 4.2 va Hinh 4.3. Hinh v€ cho théy, bién do
dién ap va chi s VSI tai tat ca cac niit da duoc cai thién dang ké sau khi thyc hién tai
céu hinh va téi wu vi tri va cong suat DG.

Ngoai ra, dé so sanh hiéu qua ctia phuong phap dé xuat, két qua thuc hién duoc
so sanh voi két qua thu duoc tir phuong phap ap dung giai thuat phao hoa FWA [40]
va giai thuat tim kiém hai hoa HSA [39]. Két qua so sanh & Bang 4.1 cho thay phuong
phap tai cau hinh két hop véi toi wu vi tri va cong suat DG sir dung CSA tét hon FWA
va HSA & gia trj t6n thit cong suat va dién ap thap nhat. Pic tinh hoi tu ctia cac TH
dugc cho ¢ Hinh 4.4 cho thay gia tri ham thich nghi trong TH 7 nho nhat so véi cac

TH con lai.
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Hinh 4. 3. So sanh chi s6 VSI cac ndt trong cac TH trén LDPP 33 niit.
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Hinh 4. 4. Bac tinh hoi tu cua CSA trong cac TH trén LDPP 33 nat.

4.2.3.2. LDPP 69 nut

Tuong ty nhu LDPP 33 nut, phuong phap dé xuat dugc thuc hién trén LDPP
69 nit. Thong sb cua thuét toan CSA dugc st dung trén LDPP 69 nut tuong tu nhu
LDPP 33 nut. Két qua tinh toan dugc trinh bay trong Bang 4.2. Tir Bang 4.2 cho thay,
ton that cong sudt dd giam tir 224.89 kW trong cu hinh ban dau dén 98.59, 72.44,
37.23,41.13, 40.49 va 37.02 lan luot st dung cac TH 2, 3, 4, 5, 6 va 7 tuong ing voi
56.16%, 67.79%, 83.45%, 81.71%, 82.0% va 83.54%. Trong c4c TH thuc hién, t6n
that cong suét thu dugc tir TH 7 (phuong phap dé xut) 1a bé nhét va chat lugng dién
ap ciing dugc cai thién hon so voi cac TH con lai. Diéu nay cho thdy, vi tri va cong
suat DG can duoc t6i wu dong thdi voi qué trinh tai ciu hinh.

Bién d¢ dién ap cac nit da dugc cai thién dang ké véi dién ap thap nhat trong
hé thong trong cdu hinh ban du da ting tir 0.9092 p.u. dén 0.9495, 0.9890, 0.9870,
0.9828, 0.9873 va 0.9869 p.u. khi sir dung TH 2 dén TH 7. Chi s6 VSI da dugc cai
thién tir 0.6859 dén 0.8414, 0.9546, 0.9390, 0.9260, 0.9403 va 0. 0.9433 khi sir dung
TH 2 dén TH 7. Chét luong dién ap trong cac TH duoc so sanh va thé hién trong Hinh
4.5 va Hinh 4.6. Hinh v& cho thiy, Chét luong dién 4p tai tat ca cac niit da duoc cai
thién dang ké sau khi thuc hién tai cu hinh va tdi wu vi tri va cong suat DG. Pic tinh
hoi tu ctia cac TH dugc cho ¢ Hinh 4.7 cho thay gia tri ham thich nghi trong TH 7

nho nhat so véi cac TH con lai.
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Tuong tu nhu LDPP 33 nt, két qua thyc hién dugc so sanh voi két qua thu

dugc tir phuong phéap ap dung giai thuat phao hoa FWA [40] va giai thuat tim kiém

hai hoa HSA [39]. Két qua so sanh & Bang 4.2 cho thay chat lwong giai phap thu duoc

bang phuong phap tai cdu hinh sir dung CSA tét hon HSA & hau hét moi TH. So véi

FWA, két qua thu dugc tuong ty véi FWA & TH 2 va tot hon & gia tri ton that cong
sudt va VS| trong TH 3 va TH 4. Trong TH 5 va TH 6, mic du phuwong phap CSA thu

dugce murc giam ton that cong suat 1an lugt 13 81.71% va 82.0% von thap hon 0.64%

va 0.55% so v6i FWA nhung bién d6 dién ap nat thap nhat thu duoc tir CSA duogc

cai thién dang ké so vi FWA.
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Hinh 4. 7. Bac tinh hoi tu cua CSA trong cac TH trén LDPP 69 nut.
Bang 4. 2. Két qua tinh toan trén LDPP 69 nut.

TH | Muc Phuong phap dé xuét FWA [40] HSA [39]
TH1 |Khoamé 69, 70, 71, 72, 73 - -
AP (KW) 224.89 - _
Vomin (p.U.) 0.9092 - -
V/Slmin 0.6859 - -
TH2 | Khéa mé 69, 70, 14, 57, 61 69, 70, 14,56, 61 | 69, 18, 13,
56, 61
AP (KW) 98.59 98.59 99.35
AP (%) 56.16 56.16 55.85
Vomin (p.U.) 0.9495 0.9495 0.9428
V/Slmin 0.8414 - -
TH3 | Khoa mé 69, 70, 71, 72, 73 69, 70, 71, 72, 73
Poc (MW) (n(t) | 0.6022 (11) 0.4085 (65) 0.1018 (65)
0.3804 (18) 1.1986 (61) 0.3690 (64)
2 (61) 0.2258 (27) 1.3024 (63)
AP (KW) 72.44 77.85 86.77
AP (%) 67.79 65.39 61.43
Vnmin (p-U.) 0.9890 0.9740 0.9677
VSlmin 09546 = =
TH4 | Khéa mé 69, 70, 14, 57, 61 69, 70, 14,56, 61 | 69,18,
13,56, 61
Poc (MW) (nt) | 1.7254 (61) 1.0014 (61) 1.0666 (61)
0.4666 (64) 0.2145 (62) 0.3525 (60)
0.3686 (12) 0.1425 (64) 0.4257 (58)
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TH | Muc Phuong phap dé xuét FWA [40] HSA [39]
AP (KW) 37.23 43.88 51.3
AP (%) 83.45 80.49 77.2
Vomin (p.U.) 0.9870 0.9720 0.9619
VSlmin 0.9390 - -
TH5 | Khéamé 69, 70, 14, 58, 64 69, 70,12, 58,61 | -
Poc (MW) (ndt) | 0.6022 (11) 0.4085 (65) -
0.3804 (18) 1.1986 (61)
2 (61) 0.2258 (27)
AP (KW) 41.13 39.69 -
AP (%) 81.71 82.35 -
Vomin (p.U.) 0.9828 0.9763 -
VSlmin 0.9260 - -
TH6 | Khoamd 69, 70, 12, 58, 61 69, 70, 13, 55,63 |69, 17, 13,
58, 61
Poc (MW) (n(t) | 1.7496 (61) 1.1272 (61) 1.0666 (61)
0.1566 (62) 0.2750 (62) 0.3525 (60)
0.4090 (65) 0.4159 (65) 0.4257 (62)
AP (KW) 40.49 39.25 40.3
AP (%) 82.0 82.55 82.08
Vomin (p.U.) 0.9873 0.9796 0.9736
VSlmin 0.9403 - -
TH7 | Khéamé 69, 70, 14, 58, 61 - -
Poc (MW) (nt) | 0.5413 (11) - -
0.5536 (65)
1.7240 (61)
AP (KW) 37.02 - -
AP (%) 83.54 - -
Vmin (p.U.) 0.9869 - -
VSlmin 0.9433 - -
4.2.3.3. LPPP 119 nGt

Dé ching minh kha ning ap dung cua phuong phap tai cau hinh két hop voi tdi

wu vi tri va cong suat DG trén cac LDPP nhoé dén LDPP 16n, LDPP 119 nit duoc sir

dung dé kiém tra. Thong sé ctia CSA duoc sir dung trén LDPP 119 nat 1a Np = 30, Pa
= 0.2. Do béi s6 lugng bién diéu khién trong TH 6 va Th 7 1an luot 14 18 va 21 bién
s0 voi 15, 6, 6, va 15 bién khi thyc hién cac TH 2, 3, 4 va 5. Vi vy, dé dam bao giai
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phap thu duoc 12 t6i vy, sé lwong vong ldp 16n nhat duge chon cho TH 6 va 7 13 Itermax
= 5000 va Itermax = 2000 cho cac TH con lai. Két qua thuc hién trong cac TH khac
nhau dugc cho & Bang 4.3 cho thiy ton that cong sudt da giam duoc 32.86%, 49.11%,
50.43%, 51.80%, 46.44% va 53.96% khi lan luot st dung cac TH 2 dén TH 7. Tuong
tu, bién d6 dién 4p nat thap nhat da duoc 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 ciing dugc cai thién dang ké tir 0.5676
dén 0.7535, 0.8199, 0.8208, 0.8523, 0.7535 va 0.87 khi st dung lan luot cac TH 2, 3,
4,5, 6 va 7. Tuong tu nhu két qua thyc hién trén LDPP 33 va 69 nit, mic giam ton
thét cong suét va chat luong dién ap thu dugce tu TH 7 16n hon so vo1 TH 6. biéu nay
chting t6 rang, tai cau hinh két hop véi tdi uvu cong suat DG (TH 6) khong thu duoc

ton that cong suat bé nhat va chat lugng dién ap tot nhat.

Bang 4. 3. Két qua tinh toan trén LDPP 119 n(t.

TH | Muc Phuong phap dé xuét
TH1 | Khoa md 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128,
129, 130, 131, 132
AP (kW) 1273.45
Vmin (p.U.) 0.8678
VSlmin 05676
TH2 | Khoa m& 42, 25, 23, 121, 50, 58, 39, 95, 71, 74, 97, 129, 130,
109, 34
AP (kW) 855.04
AP (%) 32.86
Vmin (p.U.) 0.9298
VSlmin 0.7535
TH3 | Khoa md 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128,
129, 130, 131, 132
Poc (MW) (nat) | 3.2664 (71)
3.1203 (109)
2.86267 (50)
AP (kW) 648.10
AP (%) 49.11
Vmin (p.U.) 0.9515
VSlmin 0.8199
TH4 | Khoa mo 42, 25, 23,121, 50, 58, 39, 95, 71, 74, 97, 129, 130,
109, 34
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TH | Muc Phuong phép dé xuét
Poc (MW) (nat) | 1.7145 (111)
1.7565 (96)
5 (65)
AP (kW) 631.19
AP (%) 50.43
Vmin (p.U.) 0.9526
VSlmin 0.8208
TH5 | Khoa m& 42,25, 21, 121, 122, 58, 39, 125, 70, 127, 128, 129,
85, 131, 33
Poc (MW) (nat) | 3.2664 (71)
3.1203 (109)
2.86267 (50)
AP (kW) 613.79
AP (%) 51.80
Vmin (p.U.) 0.9608
VSlmin 0.8523
TH6 | Khoa m& 42,25, 23, 121, 50, 61, 39, 125, 126, 70, 75, 129,
130, 109, 34
Poec (MW) (nit) | 2.9585 (75)
0.1924 (76)
1.3397 (77)
AP (kW) 682.09
AP (%) 46.44
Vmin (p.U.) 0.9298
VSlmin 0.7535
TH7 | Khoa mo 42,25, 22,121,122, 58, 39, 125, 70, 127, 128, 81,
130, 131, 33
Pos (MW) (nit) | 2.5331 (50)
3.6819 (109)
3.7043 (73)
AP (kW) 586.24
AP (%) 53.96
Vmin (p.U.) 0.9644
VSlmin 0.8700
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Chét luong dién ap trong cac TH dugc so sanh trong Hinh 4.8 va Hinh 4.9 cho
théy bién do dién ap va chi s6 VSI tai cac nat da duge cai thién dang ké sau khi st
dung phuong phap dé xuit. Pic tinh héi tu trong cac TH thu dugc ¢ Hinh 4.10 cho
thay gia tri thich nghi trong TH 7 bé hon so so véi cac TH con lai. Diéu nay di ching

t6 dugc hidu qua ciia phwong phép tai cau hinh két hop véi tdi uu vi tri va cong suit

DG ddng thoi.
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Hinh 4. 8. So sanh dién ap cac nut trong cac TH trén LDPP 119 nut.
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Hinh 4. 9. So sanh chi sb VSI cac nat trong cac TH trén LDPP 119 nit.

99



1 8 lllll TH 3
:-E 1.6 IIIII TH 5
en
; ==THO®6
Q
g 14 TH 7
g
= 12
=
=1
] a ‘-\‘_
i
0.8 % T
"- REEsE oS EEEEEEEEEEEEEEEEEEEES
----- basnnnnnmee e T T M
06 ' ;
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

S& vong lip
Hinh 4. 10. Bac tinh hoi tu ciia CSA trong cac TH trén LDPP 119 nut.
4.3. Tai cAu hinh LDPP giam ton that ning lwong c6 xét dén may phat dién
phéan tan
4.3.1. M0 hinh toan

Ham muc tiéu ciia bai toan cuc tiéu chi phi van hanh trén LDPP thong thudng
gdém c6 hai thanh phan bao gém chi phi ton that cong suat va chi phi thay doi cac
khoa dién [47]:

C=Cy Y AP, XT; +nxC, (4.25)

Trong d6, n 1a s6 1an thay ddi khoa dién, AP; 14 ton that cong suat do cu hinh
i gay ra, T; 1a khoang thoi gian van hanh bang cau hinh i, C, va C,, lan luot 1a don
gia ton that nang lugng va don gia chuyén khoa.

Tuy nhién, trén mot s6 LDPP thyc té, chi phi chuyén khoéa dién qué cao so voi
chi phi chi phi tiét kiém dugc tir viéc giam ton thit. Hon nita, cac khoa dién khong
thé diéu khién tir xa ciing nhu hé théng giam sat diéu khién va thu thap dit liéu chua
dugc phat trién. Két qua 13, qua trinh thay ddi trang thai khoa dién s& din t6i tinh
trang phai ngat dién mot s6 phu tai.

Vi vdy, cac nha cung cap dién s& khong thay ddi trang thai khoa dién trong mot
khodang thoi gian dai va két qua 1a cuc tiéu chi phi ton that nang luong trong khi phu
tai thay ddi 1a mot muyc tiéu chinh cua qué trinh tai cAu hinh LDPP. Bai toan cuc tiéu

chi phi van hanh tré thanh bai toan xac dinh ciu hinh LDPP khong d6i trong thoi gian
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van hanh cho trude dé cuc tiéu ton that nang lugong. M6 hinh bai toan tai cu hinh

giam ton that nang luong c6 thé dugc mo ta nhu sau [47]:

AA = 21: sz x( +Q””> (4.26)

Trong d6 AA 1a ton that nang luong do cau hinh LDPP dang xét gay ra. M 1a s6
khoang thoi gian dugce chia nhé trong khoang thoi gian khao sat T. tm 1a khodng thot
gian dugc chia nhd m™, Nyr 13 tong s6 nhanh. Ri 1a dién tré ctia nhanh i Pim va Qim
1an luot 1a dong cong suét tac dung va phan khang trén nhanh i trong khoang thoi
gian tm. Vi 14 dién ap cudi nhanh it

Tuy nhién néu nhu cau phu tai dao dong lién tuc trong thoi gian khao sat, ching
ta phai chia thanh nhiéu khoang thoi gian nho hon. Khi d6, viéc tinh todn ham muc
tiéu cho mdi cau hinh lugi xem xét s& mat rat nhiéu thoi gian do phai giai bai toan
phan bd cong suat trong nhiéu lan cho mét cau hinh va qué trinh thuc hién tai ciu
hinh s& phai xem xét rat nhiéu cau hinh luéi khac nhau. Hon nita, do viéc trang bi cac
thiét bi do dém trén nhiéu LDPP chua ddy da va dong bo nén khong phai LDPP nao
cling ¢6 thé thu thap duoc sé liéu vé nhu cau phu tai tai ting thoi diém. Vi vay,
phuong phap dé xuat sau s& giai quyét nhirng van dé con ton tai trén.

Qué trinh tai cAu hinh LDPP dugc md ta trén LDPP don gian nhu Hinh 4.11,
trong d6 chiéu duong ctia vong quy uéc 1a chidu ngugce kim dong hd.

Pi1 P, 2 A B

DG,

C D
3} oo oo
Qn

Poc,2|Qoe,2 lT
Pi+jQx

DG,

Hinh 4. 11. M6 ta qua trinh tai cdu hinh LDPP.
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Ai 1a hé s6 tuong quan giita chiéu ciia vong va chiéu phan bb cong suat trén cac
nhanh.

Ay =1, cung chiéu
Ay = —1, nguwoc chiéu (4.27)
Ay, = 0, nhanhit" ¢ vong k

Qua trinh tai cau hinh duoc thuc hién bang viéc thay doi trang thai déng/mé cua
cac khoa dién thuong dong va thuong mé trén LDPP. Gia st rang khda CD sé& dugc
dong va khoa AB s& dugc ma sau khi tai cau hinh. Khi d6 dong cong suat phic trén
nhanh AB s& bang khong. Vi vy, anh huong cua viée dong khoa CD va mo khda AB
cd thé duoc mo ta bang viéc rat ra mot lwong cdng suat phic Py, + jQ, bang véi lwong
cdng suat phic qua nhanh AB tai nhanh CD [51], [82], [3].

Khi ta sir dung gia thiét gan ding rang |Vi| = Vs = 1 p. u., ton that cong suét

(4P) trén cAu hinh ban dau c6 thé dugc tinh toan gan dung nhu sau:

AP, = ST R (P~ 2 DyP) + (@i - 21 Dy0;)") (4.28)

Trong d6, Nbr va Ndg 1an luot 13 s6 nhanh va sb lugng DG trong hé thong. Pi +
jQi 12 cong suat phuc trén nhanh i, Pj + jQj 1a cong suit phat cia DG j va hé s6 Djj
duoc tinh toan nhu sau:

{Di ; = 1; Néu nhanh i*" nam gitra nuit tham chiéu va nuat dat DG j*" (4.29)

D;j = 0; nguoc lai
Tuong ty, ton that cong suat trén hé thong sau khi tai ciu hinh bang doi khoa

duoc xac dinh nhu sau:

APrecf - ZNbTR (P ZngD P +ALkPk) +ZNbTR (Ql - ng Dl]Q]

2 2
Ai,ka) + Py"Rep + Q" Rep (4.30)

Khi luong cong suat chuyén tai 13 t6i wu, ton that cong suét trong hé thong sé 1a
nho nhét. Dé tim cong sudt chuyén tai t6i vu P, + jQ,, dao ham riéng cua ton thit

cong suit theo P, va Q, dugc dit bang khong:
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6APrecf

Py
aAPrecf

Qg
Chiéu duong ciia vong duoc chon nhu Hinh 4.11 va tir biéu thirc (4.27), gié tri

=23 R A (P — z”ng P+ A P) + 2P Rep = 0

(4.31)
= 2307 RiA1(Qi — 2757 DijQ; + Ai Qi) + 2QuRcp = 0

cua A; , dugc xac dinh nhu sau:

{Ai,k =1, i€0C

Ajp=—1, i€ 0D (4.32)

Dt Rioopi = 2121 Ri + X421 Ry + Rep va it gon biéu thire (4.31), thu dugc
lEOC i€EOD

két qua nhu biéu thirc (4.33).

O0APyec
L =30 Ri(P— B35 DyP) = B2 Ry(Pi = T35 DyP) + PeRiggpc = 0
lEOC i€EOD
O0AP o Nd Nd
Tf = X121 Ri(Qi — ;5 Dy@) — X241 Ri(Qi — X7 DyjQ)) + QuRuoopc = 0
k lEOC LEOD

(4.33)
Tur (4.33), xét diéu kién cuc tri caa ham hai bién Pk va Q, thu dugc biéu thic
(4.34):

—R <0
aPkan asz anz Loopk

G
\ 0P, >

Nhu vay, qua trinh thay ddi cau tric ludi dién théng qua phuong phép thay doi

((aAZPrecf>2 _ aAzPrecf x 04 Precf
{ (4.34)

= RLoop,k >0

khoa dién, ton tai lugng cong suat chuyén tai toi wu dé ton that céng suat dat cuc tiéu.

Giai phuong trinh (4.33), thu dugc lwong c6ng suat chuyén tai toi wu Py, + jQy

nhu sau:
( Yo Ri(Pi— X550 DyP) — SN2 Ri(Pi = 57 DyjPy)
Pk — lEOC iEOD
R
< Nbr Ndg o kor Ndg (4.35)
R;(Q; — Z DUQ]) Z R;(Q; — Z DUQ])
Qk — lEOC lEOD
\ RLoop,k

Tir (4.35), c6 thé thay rang:
(1) Néu P, va Q, > 0, dong cong suat chuyén tai toi wu Py, + jQ, thuc té truyén
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tir doan OC dén doan OD. M& nhanh trén doan OC ¢6 gia tri dong cong suat gan nhat
VGi P, + jQ, & thu duoc tén that cong suat bé nhit.

(2) Néu P, va Q,, < 0, ddng cong suat chuyén tai téi wu Py, + jQ, thuc té truyén
tir doan OD dén doan OC. M6 nhanh trén doan OD ¢6 gia tri dong céng suat gan nhat
VGi Py, + jQy, s& thu duoc ton that céng suat bé nhat.

Tuy nhién, do bai nhu cau phu tai thay doi nén gia tri P, + jQ, ciing s& thay doi
trong suét khoang thoi gian khao sat T. Nhung di véi cac LDPP ma viée thay doi
trang thai cac khoa dién gap nhiéu kho khan do chi phi dong cat Ion, phai ngirng cung
cap dién hay hé théng diéu khién giam sat va thu thap di liéu chua phat trién thi viéc
thay d6i cau hinh ludi dién lién tuc trong thoi gian khao sat 1a van dé khong kha thi.
Vi vay, van dé dat ra 1a tim mot cau hinh khong thay doi trang thai trong sudt khoang
thoi gian khao sat T. Gia sir khoang thoi gian khao séat T ¢6 thé dugc chi ra M khoang
thoi gian nho hon va trong mdi khoang thoi gian nay céng suat phu tai va DG la
khong d6i. Khi do, cong suat P, + jQ, tai khoang m c6 thé duoc mé ta boi d6 thi
Sk(t) nhu Hinh 4.12. Dién tich cia do thi duoc goi 1a nang luong chuyén tai toi uu
yéu cau dé cyuc tiéu ton that nang lugng. Néu gid tri X2 _ (Pym + jQrm)tm 12 Cuc
tiéu, ton that niang lwong trén hé thng s& dat cuc tiéu.

A5k

F 3
A J

Hinh 4. 12. Cong suat chuyén tai t6i wu trong thoi gian khao sat T.

Cong suat chuyén tai ti wu trung binh trong thoi gian T ¢d thé duoc dinh nghia

104



nhu sau:

Mo (Pem+J t
P,é +]Q]’< — Zm—l( k,mT ]Qk,m) m (436)

Khi d6 ton that nang luong (4A) cta hé thdng sau khi tai cau hinh bang viéc

thay ddi khoa dién duoc xéac dinh nhu sau:
Aoy = Xm=1 (Z?I:bf Ri(Pi,m - Z?Ldiq D;iPim + Ai,kplé)z) b +
=1 (Z?]:bf Ri(Qim — Z;Y:dlg DijQjm + Ai,kQI,c)Z) tm + Z%=1(P122ch)tm +
M 1(Qk*Rep)tm (4.37)
Tuong ty nhu (4.31), dao ham riéng caa AA theo P;, va Q;, duoc dat bang khong:

0AAyec Nd I}
(— =L =234 (ZNT R A (P — Zj:ig DiiP;m + AiPt))tm

aPy,
25M_ (P{Rep)tm =0
] 9AA . -I; Zm—l( k CD) 1111Vdg (438)
T 2 5m=1 (B RiA k (Qum — X727 DijQjm + AiscQi))tm
\ +2 35 -1(QkRep)tn = 0
Thay biéu thirc (4.32) vao (4.38), két qua duoc biéu thic (4.39):
( OAAyec d ’
Pt = 3 (S R (Pin = B DBy + PL) )
k ieocC
+ Sl (Z9 —Ri(Prn = T DyPm = PY) ) tn
ieOD
+ ¥ _ (PiRcp)t, =0
) aa Zm—l( k CD) mNd (439)
el =3 25 Ri(Qim — 32 Dy + 01)) tm
+ 30 (S —R(Qum = Z)% Dy Qyon = 01)) tn
i€eoD
\ +Xm=1(QkRcp)ty, =0

RUt gon biéu thire (4.39), thu duoc két qua nhu biéu thic (4.40):
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( Nbr Z 1(le - Zng D P m)tm

lEOC
— N2 R M1 (P — 2520 DijPy ) b
ieOD
+R P.YM .t =0
Nbr Loop,k! k am= 1ng (4.40)
R Z 1(Qi,m_z DL]Q]m)t
LEOC
d
_ZND R; Zm 1(le _ZN gDL]Q]m)t
iEOD
\ +RLoop,kQI’c %=1 tm =0
bat:
_ M Pt, _ M L Q;mt
=117, =1 Ui,
P, = mM—lmm; Q; = mM—”"m (4.41)
m=1 tm 1tm
p. = %zlpj,m tm. ~ mzl Qj,m tm (4-42)
i~ M4 r Xj T M4
m=1*m m=1*m
Va chia biéu thirc (4.40) cho ¥M_, t,,., thu duoc két qua nhu biéu thuc (4.43):
a rec !
Zlre = SNBY Ry(P, — )99 Dy B) — N2 Ri(Pi — IV Dy jP) + RygopPh = 0
0Py lEOC i€EOD
0AAyec d d
oL =3 RiQi — 275 Dy Q) — B2 R(Qi — ZjZY DijQ)) + RioopsQic = 0
k zeoc lEOD

(4.43)

Nhu vay, su tuong tu giita biéu thic (4.43) va (4.33) cho thiy bai toan xac dinh

P;, + jQ; dé cuc tiéu 44 dugc chuyén thanh bai toan xac dinh Py, + jQ;. dé cuc tiéu

AP néu cong suat phic trén cac nhanh bang vai gia tri nhu biéu thuc (4.41) va cong

suit phat cua DG jt bang vai gié tri cua biéu thic (4.42). Luu v, gia tri cua biéu thic
(4.42) 1a cong suat phat trung binh cua cac DG trong thoi doan khao sét.

Ngoai ra, néu bé qua ton that cong suat trén cac nhanh thi cong suat phuc trén

mdi nhanh tai mdi khoang thoi gian tm ¢6 thé duoc tinh toan gan dung bang tong cong

suat phu tai tai cac nat c6 két ndi dén nhanh d6 [82], [3]:

= Zﬁv=b1us kiPim; Qim = Z%fos kiQum (4.44)

Trong d6, P,y +jQim Va Py +jQrm 1an luot 1a cong suat phirc trén nhanh it"

va cdng suit phic tai nat I trong khoang thoi gian tm. k; = 1 néu nat I ¢ ndi dén

nhanh i, nguoc lai k; = 0 néu nat 1" khdng ndi d¢én nhanh ith,
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Thay biéu thirc (4.44) vao (4.41), thu duoc két qua nhu biéu thirc (4.45):

fp — ZNbuS k le tm ZNbuS %:1 Pl,mtm
‘ m= m=1tm
Nbus Nbus
Z 1 Pl _
Z f ST Z kP,
3 (4.45)
Q' =1 ZNbus lel m m ZNbus %=1 Ql,m tm
l M —1 tm
Nbus Nbus
z kl Zm 1 Ql m 2 klél
\ =1

|th

Trong d6, P, + jQ, 1a cong suat phirc ctia nut tai I trong khoang thoi gian T

duoc tinh toan nhu sau:

(P _ Z%:lpl,mtm

{ l r (4.46)
ké _ Zrll;ll:l Ql,mtm .
== T
T

Vi viy, bai toan tai cAu hinh giam ton that ning lugng c6 xét dén DG c6 thé
duogc giai bang bai toan tai ciu hinh giam t6n that cong suit néu phu tai tai cac nit va
cong suat phat cia DG 13 cong suit trung binh trong khoang thoi gian khao sat.
Phuong phap nay khong yéu cau cac do thi phu tai tai cac nat tai trong thoi gian khao
st cling nhu dd thi cong suit phat cia cic may phat phan tan. Bai toan xac dinh ciu
hinh van hanh LDPP trong thoi gian khao sat dugc mo ta bang biéu thic (4.26) duoc

thay thé bang mé hinh toan nhu sau:

Nbr P2+
F,.. ZR ( Ql) (4.47)

Trong d6, P, va Q, 1an luot 14 cong suat tac dung va phan khang trung binh trén
cac nhanh dugc tinh toan bang cach giai bai todn phan bd cong suit v6i cong suit tai
céc nat tai 1a cong suat trung binh trong khoang thoi gian khao sat. Rj 1a tong tro clia
nhéanh it". 7; dién ap trung binh cudi nhanh it",

Ngoai ra, trong qua trinh thyc hién tai ciu hinh phai thoa min cac ham rang

budc vé cau hinh ludi hinh tia, rang budc vé dién dp va dong dién. Trong trudng hop
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phu tai thay doi, 2161 han dong dién nhanh va dién &p cac nat duoc kiém tra dya trén

cong suét trung binh phy tai va DG, d6i v6i hién tuong qua 4p trong trudng hop phu

tai hoat dong dudi dinh mirc c6 thé dé dang diéu khién cac thong s6 DG dé thoa min
rang budc nay.

Vinin < Vvatej < Vmax,j = 1,2,...,Nbus (4.48)

Latei < Lpaxisi = 1,2,...,Nbr (4.49)

Trong d6, Vimin VA Vimax 1an luot 12 gii han dién 4p nho nhat va 16n nhat trong hé

thdng, Vrate,j VA Lrace; di€n ap nat j™ va dong dién trén nhanh i khi cong suét tai

trung binh.

Vi vay, ham thich nghi caa mdi cau hinh bao gém ton that cong suat va gia tri
phat (8, va B,) lién quan dén dién ap nat va dong dién nhanh dugc mé ta nhu sau:

: P?+Q} =
Fit = Zévzblr Ri X ( 17_2 l) + .81 Z?]:bils[max(vrate,j - Vmaxr O) + maX(Vmin -
l

Viate,j» 0)] + B, TNy [max (Eﬁ%‘ll -1, O)] (4.50)
4.3.2. Két qua kiém tra

Dé ching minh duoc hiéu qua cua phuong phap dé xuat, cong cu Matpower
[124] dugc st dung dé phan tich phan bd cong suat va thuat toan RRA dugce mé ta &
chuong 3 dugc sir dung dé xac dinh cau hinh t6i wu. Phuong phap duoc xiy dung
trén phan mém MATLAB R2014a trén may tinh c4 nhan c¢6 cau hinh CPU core i3, 2
GHz. Hai LDPP 18 nit va 33 nat dugc dung dé kiém tra. Trong d6, mdi nit tai trong
hé thdng c6 cong suat thay d6i trong khoang thoi gian khao sat. Trong qué trinh tinh
toan ton that dién ning mdy bién ap va cac loai khi cu dién va dic tinh cta cac loai
DG gia thiét duoc bé qua. Muyc dich ciia phuong phuong 13 tim ra cu hinh véi tén
that nang lwong 1a nhé nhat, n6 kha gidng véi myc tiéu dé xuat trong [51]. Tuy nhién,
phuong phap d& xuat di khong so sanh dugc v6i [51] boi vi cac do thi phu tai cung
cap trong [51] khong day du. Vi vy, dé kiém tra hiéu qua ciia phuong phap, nim
truong hop dugc xem xét dé so sanh giira tai cau hinh sir dung cong suat thay doi

trong khoang thoi gian khao sat (dua trén gia tri cong suit tai ting thoi diém) va tai
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cAu hinh str dung coéng sut phu tai trung binh va céng suit DG trung binh nhu sau:

TH 1: C4u hinh ban dau khi phu tai dinh mirc.

TH 2: Tai cdu hinh giam t6n that ning lwong st dung cong suat phu tai timg gio
trong trong mot ngay khao sat khong xem xét dén DG (Sir dung do thi phu tai).

TH 3: Tai c4u hinh giam ton that nang lugng sir dung cong suat phu tai trung
binh trong trong mot ngay khao sat khong xem xét dén DG.

TH 4: Tai cau hinh giam ton that ning luong sir dung cong suat phu tai va cong
suat DG timg gio trong trong mot ngay khao sat (Sir dung do thi phu tai).

TH 5: T4i cdu hinh giam ton that ning lugng stir dung cong sut phu tai trung
binh va cong suat DG trung binh trong trong mot ngay khao sat.

Ngoai ra, trong diéu kién thoi gian thuc, phu tai tai mdi nit trong LDPP thay
d6i theo nhirng cach khac nhau. Gia sir rang, c6 ba loai phu tai thuong mai, dan dung
va cong nghiép tai mdi nat va mdi nat cé ti 1¢ gifta ba loai phu tai nay khac nhau. Phu
tai tai nut K tai thoi diém j ¢ thé duoc xac dinh nhu sau [119], [47]:

Prj = X71=1Prpear X Mrp i X CPrpy
{Qk,j = YFi=1 Qkpeak X My X CQrp i

Trong do, TL = 1, 2 va 3, dai dién cho ba loai phu tai. Py ,.qx la phu tai dinh

(4.51)

muc tai nat k. My, la ti 1€ cua loai phu tai loai TL™ tai nGt k. CPrp ;. va CQryp lan
luot 14 ti 16 cong suat tac dung va cong suat phan khang caa phu tai loai TL™ tai thoi
diém j.
4.3.2.1. LDPP 18 nut

LDPP 18 nut c6 cap dién ap 10 kV bao gom 19 nhanh, 17 khoa thuong dong va
2 khoa thuong mo, dién ap 10 kV. Thong sé duong ddy, phu tai dinh muc duge cho
& Phu lyc 10 va Phy lyc 11 [51]. So dd don tuyén hé thong duoc cho ¢ Hinh 4.13.
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Hinh 4. 13. LDPPP 18 nut.
Bang 4. 4. Ti 1¢ ba loai phu tai tai moi nut trong LDPP 18 nut.

NUt | MRes. | Mcom. | Mind. | NUt | MRes. | Mcom. | Mind
1 0 0 0 10 |0 1 0
2 0 0 0 11 |0 1 0
3 1 0 0 12 |0 1 0
4 1 0 0 13 |0 1 0
5 1 0 0 14 |0 1 0
6 1 0 0 15 |1 0 0
7 0 1 0 16 |1 0 0
8 0 1 0 17 |1 0 0
9 0 1 0 18 |0 1 0

Bang 4. 5. Ti 1é phan phdi theo gid ciia ba loai phu tai trong LDPP 18 niit.

Gi10 | Cpyres. | Cayres. | Cp.com. | Cq,com. | Cp,ind. | Co,ind.
0.55 0.4 0.35 0.5
0.45| 0.39 0.34 0.48
0.43| 0.38 0.33 0.47
0.43| 0.38 0.31 0.47
0.43 | 0.39 0.28 0.47
0.45| 0.38 0.3 0.47
0.53 0.4 0.4 0.5
057 04| 058| 0.52

O IN[OO|O DWW IN|F-
oO|lojlojlojojlo|o|o
OOl 0ojoojlo|o|o
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Gio CP,res. CQ,res. CP,Com. CQ,Com. CP,Ind. CQ,Ind.
9 0.6 04| 095 0.7

10| 0.58 0.4 1 0.79
11| 0.56 04| 0.98 0.79
12 055 041 1 0.79

13| 056 | 0.42| 0.98 0.77
141 059 | 042| 0.92 0.79
15| 068 | 0.42| 0.89 0.75
16| 069 | 0.42| 0.82 0.75
17| 0.71| 042| 0.74| 0.68
18| 0.73| 0.45| 0.63 0.61
19| 091 | 0.48 0.7 0.65
20| 096 | 049 | 0.68 0.62
21| 0.97 05| 0.65 0.61
22 1| 048 06| 0.61
23| 0.85| 0.46 05| 0.58
24| 0.66| 042| 045 0.54

O 0ol 0ol oo oojojlojlojojlo|o|o
O 0Ol 0ol 0ol ool ojlojlojo|lo|o|o

Thoi gian khao sat 1a mot ngay dugc chia 1am 24 gio, gia sir cong suat trong
ting gid 1a khong doi. Ti 16 ba loai phu tai tai mdi nut dugc cho & Bang 4.4. Thong
s6 ba loai phu tai khac nhau trong mot ngay dugc cho trong Bang 4.5. Ngoai ra, mot
DG pin mit troi co dic tinh phat trong mot ngay tiéu biéu nhu Hinh 4.14 va chi tiét
cong suat trong Bang 4.6 dugc két ndi dén nit 18, dién 4p gidi han cho phép trong hé
thdng duoc cho tir 0.93 dén 1.05 p.u. Dua trén két qua thir nghiém, thong s cia RRA

duoc chon nhu sau: N iter, gy, tol, Stall,,,., Aim, dyymmers Arooe 130 lugt duoc

pop’
chon la 10, 100, 0.01, 30, 2, 10 va 5.

Két qua tinh toan cho nidm trudng hop dugc trinh bay & Bang 4.7. Két qua cho
thay trong truong hop khong két néi DG, ton that nang lwgng trong mot ngay da giam
tir 1514 kWh trong cau hinh ban dau xudng 1417.2 kWh trong cau hinh t6i uu trong

ca hai TH 2 va 3. Mic du phwong phap dé xuit (TH 3) tinh toan dwa trén phu tai trong
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binh trong ngay, nhung két qua thu duoc ciing hoan toan gidng véi két qua thu dugc
khi sir dung phu tai theo ting gid nhu TH 2. Do sir dung cong suit trung binh, chung
ta khong can quan tdm dén dd thi phu tai ma chi quan tim dén luong dién ning tiéu
thu trung binh trong mdt ngay. Ngoai ra trong qua trinh tinh toan gia tri ham muc tiéu
ctia mdi cau hinh xem xét, bai toan phan bd cong suit chi can st dung mot 1an so voi
24 1an khi str dung TH 2. Vi vay thoi gian tinh toan cta phuong phap dé xuit nhanh
hon nhiéu so v&i sir dung cong suat trong ting thoi diém nhu TH 2.

Bang 4. 6. Cong suat phat cia DG pin mat trdi trong mot ngay dién hinh.

Gio | P (MW) | Gio | P (MW) | Gid | P (MW)
1 ol 9| 025 17 0.1
2 0| 10 04| 18 0
3 0| 11 05| 19 0
4 0| 12| 056/ 20 0
5 0| 13| 055| 21 0
6 0| 14| 053] 22 0
7 0| 15 04| 23 0
8 01| 16| 025| 24 0

Bang 4. 7. Két qua tinh toan trén LDPP 18 niit trong cac TH khac nhau.

Ham To6n that cong | Ton that Thoi gian
TH Khéa m¢ | thich Suat vai tai nang luong | tinh toan
nghi | dinh (kW) | (kwh) (s)
TH1 {18, 19} |- 146.54 1514 -
TH 2 {17, 18} |1417.2 139.98 1417.2 75.41
TH 3 {17, 18} |53.8419 | 139.98 1417.2 4.05
TH4 {17,18} | 1325.1 139.98 1325.1 76.99
TH5 {17,18} |49.95 139.98 1325.1 4.05

Trong trudng hop c6 két ndi DG, ton that nang lugng thu dugc tir cau hinh tdi
vu 14 1325.1 kWh thip hon 188.9 kWh so véi ton that gay ra boi cau hinh ban dau va
thap hon 92.1 kWh so véi cau hinh t6i wu khi khong két néi DG. Tuong tu, mic du
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st dung cong sudt trung binh cta phu tai va DG, nhung phuong phap dé xuit van xac
dinh duoc cau hinh cé ton that niang lugng nho nhat nhu trudng hop st dung cong
sudt phu tai va DG thay d6i theo thoi gian. Trong khi d6, thoi gian tinh toan chi mét
khoang 4s so v&i 77s trong TH 4.

T

/\ { === Pin mit tr&i {

o
3

©
~

\
\
/ \

Gio

o o
N w
\

Cong sud't phat (MW)

I

Hinh 4. 14. Pac tinh cong suat phat ctia DG pin mit troi trong mot ngay dién hinh.
43.2.2. LDPP 33 nut
LDPP 33 nit ¢6 cap dién ap 12.66 kV, 37 nhanh, 32 khoa dong va 5 khoa mé.
Théng s6 duong day, phu tai dinh mirc duoc tham khao tir [22].

23 24 25
00 e,
23 7 24 :

Hinh 4. 15. LDPP 33 ntt ¢6 hai DG.

So d6 don tuyén dugc cho & Hinh 4.15. Ti 1¢ ba loai phu tai tai mdi nit duoc

cho & Bang 4.8. Ti 1& phan phdi cong suit tic dung va phan khang theo ting gio cta
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ba loai phu tai dugc cho ¢ Bang 4.9. Tuong tuy nhu LDPP 18 nut, mot DG pin mat
troi dugc ndi dén nat 33. Ngoai ra, mot DG turbin gi6 co cong suit phat mot ngay
tiéu biéu nhu Hinh 4.16 (chi tiét cong suét phat dugc cho ¢ Bang 4.10). Tong ton that
nang lugng trén ciu hinh ban dau 1a 1514.8 kWh. Dién 4p nat va hé s6 mang tai trén
cac nhanh trong mot ngdy tiéu biéu trudc khi tai cau hinh duoc mé ta trén Hinh 4.17
va Hinh 4.18. Thong so cia RRA duge chon nhu sau: Ny, it€Tyay, tol, Stallygy,
dim, dyynners Aroor 120 lugt duoc chon 12 20, 150, 0.01, 30, 5, 10 va 5.
Bing 4. 8. Ti 1¢ ba loai phu tai tai mdi niit trong LDPP 33 nut.

Nat Mges. | Mcom. | Mind. | NUt | MRes. | Mcom. | Ming. | NUt | Mges. | Mcom. | Ming.
1 0 0 0 12 {05 |05 0 23 |05 |04 0.1
2 02 |05 03 |13 |06 |04 0 24 104 |05 0.1
3 05 |03 02 |14 |04 |04 02 |25 |06 |04 0
4 05 |0.2 03 |15 |05 |01 04 |26 |07 |03 0
5 06 |01 03 |16 |02 |07 01 |27 |01 |O 0.9
6 04 |04 02 |17 |03 |03 04 |28 |06 |03 0.1
7 06 |0 04 |18 |04 |05 01 |29 |04 |01 0.5
8 03 |03 04 |19 |05 |0.2 03 |30 |07 [0.2 0.1
9 04 |06 0 20 |0.7 |03 0 31 |04 (04 0.2
10 03 |0 0.7 (21 |05 |03 02 (32 |02 |01 0.7
11 06 |0.2 02 |22 |03 |O 0.7 |33 |03 |07 0

OZZ == Turbin gi6
08 AN
B /
é 0.75 /
£ / \
[ \ \
© 0.55 / \V \\
05 /\\/—\ /
0.45 \/

2 4 6 8 10 12 14 16 18 20 22 24
Gio

Hinh 4. 16. DBic tinh cong suét phat ctia DG turbin gi6 trong mot ngay dién hinh.
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Bang 4. 9. Ti 1é phan phdi theo gid ctia ba loai phu tai trong LDPP 33 niit.

Gio CP,res. CQ,res. CP,Com. CQ,Com. CP,Ind. CQ,Ind.
1/ 01 0.1 0.1 0.1 0.3 0.3
2| 01 0.1 0.1 0.1 0.3 0.3
3| 01 0.1 0 0 0.4 0.4
41 01 0.1 0 0 0.2 0.2
5| 04 0.4 0 0 0.2 0.2
6| 03| 03 0 0 03 0.3
7/ 04| 04 0.1 01| 03 0.3
8 04 0.4 0.2 0.2 0.4 0.4
9/ 03 0.3 0.7 0.7 0.8 0.8

10| 03] 0.3 0.8 0.8 1 1
11| 05 0.5 0.8 0.8 0.9 0.9
12| 0.6 0.6 0.7 0.7 0.9 0.9
13| 07| 0.7 0.6 06| 0.5 0.5
141 06| 06 0.7 0.7 0.6 0.6
15| 05 0.5 0.8 0.8 0.8 0.8
16| 0.6 0.6 1 1 0.8 0.8
17| 0.7 0.7 1 1 0.7 0.7
18| 0.8 0.8 0.8 0.8 0.7 0.7
19| 09 0.9 0.6 0.6 0.8 0.8
20 1 1 0.7 0.7 0.9 0.9
21 1 1 0.6 0.6 1 1
22| 0.6 0.6 0.2 0.2 0.8 0.8
23| 0.5 0.5 0.1 0.1 0.5 0.5

Bing 4. 10. Cong suat phat cia DG turbin gié trong mot ngay dién hinh.

Gio | P (MW) [ Gio | P (MW) [ Gio | P (MW)
1| o052 9| o058] 17| 072
2| 054| 10| o077| 18] 057
3| 048] 11| o082 19| 054
4] 049] 12| 082 20 0.6
5| 049 13 08] 21| 063
6| 048] 14| 075 22| 064
7| 045]| 15 07| 23| 058
8| 049 16 07| 24| 054
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Hinh 4. 17. Dién 4ap cac nit trude khi tai cau hinh trong mot ngay dién hinh.
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Hinh 4. 18. Hé s6 mang tai trén cac nhanh trudc khi tai cau hinh trong mot ngay
dién hinh.

Két qua tinh toan 5 TH trén LDPP 33 nut trong Bang 4.11 cho thiy ton that
nang lugng giam tir 1514.8 kWh trong cu hinh ban dau xuéng 1048.3 kWh va 757.17
kWh khi str dung tai cdu hinh khong xét va co xét dén anh hudng cta DG. Trong
truong hop cé két ndi DG, ton that cong suat khi phu tai dinh murc 14 174.10 kW, day
khong phai 13 cdu hinh t6i wu dé giam ton that cong suét khi phu tai 1a hing sb va ¢
ché d6 dinh muc, nhung lai 1a cAu hinh c6 ton that nang lugng bé nhét khi phu tai
thay doi.

Két qua so sanh gitra TH 2 va 3 va giita TH 4 va 5 cho thay c6 thé st dung cong
suét trung binh cuia phu tai va cong suat phat trung binh ctia DG trong thoi gian khao

sat dé xac dinh cau hinh van hanh ludi to61 vu trong viéc giam ton that nang luong.
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Nhu vay, phuong phap dé xut s& khong cin yéu cau dd thi phu tai va cong suit phat
tai mdi thoi diém cua DG trong thoi gian khao sat. Tai mdi nat tai va nut DG, chi can
str dung cong suét trung binh duoc thu thap qua cac dién ning ké.

Bang 4. 11. Két qua tinh toan trén LDPP 33 ndt trong cac TH khéac nhau.

Ham | 1Mt e ihdt | Tho
TH Khéa mé thich | SOM9SUat 1 e wong | gian tinh
nghi | vertaidinh ey odn (s)
(kW)
TH1 {33, 34, 35,36, 37} | - 20260 | 15148 |-
TH 2 {7.14.9,32,28) | 10483 | 139.98 | 10483 | 114197
TH 3 {7.14,9,32, 28} | 3251 | 13998  |10483 | 6345
TH4 | {710,8, 14,28} | 75717 |17410  |757.17 | 1143.03
TH5 | {710,8, 14,28} | 2044 |17410  |75717 | 60.37

_________

DN

ol '
bién dp trung binh

5 10 15 20 25

Hinh 4. 19. Dién 4p cac nut sau khi tai ciu hinh khong xét dén DG trong mot ngay
dién hinh.

DPién ap (p.u.)

Hinh 4. 20. Bién 4p cac nut sau khi tai ciu hinh c6 xét dén DG trong mot ngay dién
hinh.
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Dién 4p cac nit trong thoi gian khao sat sau khi tai cau hinh trong trudng hop
khong xét DG va c6 xét dén DG trong Hinh 4.19 va Hinh 4.20 cho thay dién ap cac
nat déu nam trong gidi han cho phép va da duoc cai thién dang ké sau khi thuc hién
tai cAu hinh.

Hé s6 mang tai ctia cac nhanh trong hé thdng sau khi tai cau hinh trong truong
hop khéng xét DG va c6 xét dén DG duogc cho trong Hinh 4.21 va Hinh 4.22. Hinh
v& cho thay khong c6 nhanh nao bi qua tai sau khi thyc hién tai cAu hinh. Pic biét,
trong trudng hop ¢6 DG, hé sé mang tai ctia cac nhanh thap hon so véi cau hinh ban

dau va ciu hinh t6i uu khi khéng c6 DG.

0.7

Dong dién trén cdc nhdnh trong cdu hinh t3i uu khong c6 k&t ndi DG

0.6

05

0.4

1/Idm

ong dién trung binh

0.3:\%

02\ 11

0.15

5 ] 10 15 25 30 35 37

Hinh 4. 21. Hé s6 mang tai trén cac nhanh sau khi tai ciu hinh khong xét DG trong

mot ngay dién hinh.

Dong dién trén cdc nhdnh trong ciu hinh t3i vu ¢6 k&t ndi DG

Dong dién trung binh

Nhdnh

Hinh 4. 22. Hé s6 mang tai trén cac nhanh sau khi tai ciu hinh c6 xét DG trong mot

ngay dién hinh.
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4.4. Nhan xét va két luin

Trong chuong nay, anh huéng cta vi tri va cong suat DG dén bai toan tai cau
hinh da dugc xem xét trong cac TH khac nhau nhu chi thyc hién tai cAu hinh, chi thuc
hién tbi wu vi tri va cong suit DG, tai cAu hinh sau khi lép dat DG, lép dat DG sau
khi tai cdu hinh, tai cAu hinh két hop véi toi uvu cong suat DG dong thoi va TH tai cAu
hinh két hop véi tdi wu vi tri va cong suit DG. Dé kiém tra cac TH khac nhau trén
cac LDPP c6 quy md nho dén 16n, giai thuat CSA duoc sir dung. Két qua tinh toan
cho thay tai ciu hinh LDPP két hop véi toi wu vi tri va cong suat phat DG dong thoi
1a phurong phép t6i wu nhat dé thu duoc cau hinh c6 ton that cong suét bé nhat va chat
luong dién ap tot nhit so v6i cac TH con lai. Két qua tinh toan ciing cho thay, phuong
phap sir dung thuat toan CSA ciing thu duoc két qua tot hon so véi mot sé phuong
phap dugc so sanh nhu FWA va HSA.

Phuong phap tai cu hinh LDPP c6 xét dén DG giam ton that nang luong ciing
dugc dé xuat. Phuong phap dé xut dua trén cong suat trung binh cua phu tai va cong
suat phat trung binh ctia DG trong thdi gian khao sat. Uu diém ciia phuong phap 1a
khong yéu cau do thi phu tai cling nhu cong suit phat ciia DG tai mdi thoi diém trong
thot gian khdo sat. Pé tim duoc cau hinh tbi wu, thuat toan RRA duoc st dung va két
qua kiém tra dugc thuc hién trén LDPP 18 va 33 nut. Két qua tinh toan cho théy, co
thé sir dung cong suét trung binh cua phu tai va DG dé xac dinh cdu hinh van hanh
LDPP giam ton that nang luong. Ngoai ra, phuong phap dé xuat c6 vu diém vuot troi
vé mit thoi gian tinh toan do chi phai giai bai toan phan bd cong sut mot 1an khi can
tinh todn gia tri ham muc tiéu cho mdi cau hinh xem xét. Vi thé, phwong phap dé xuat
¢6 thé duge ap dung cho cac LDPP gip kho khin trong qué trinh thu thap d6 thi phu

tai.
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Chwong 5
UNG DUNG TAI CAU HINH

LDPP CHU PRONG - PIEN LUC GIA LA

5.1. Pic diém LDPP Chwr Prong

Luéi dién trung ap ctia huyén Chu Prong dugc cung cap thong qua hai tram bién
ap 110/35/22 kV va hai tram trung gian 35/22 KV, bao gom:

Tram 110/35/22 kV Dién Hong (E42) v6i hai may bién 4p tong cong suit 65
MVA, ¢6 hai xuét tuyén (XT) cung cip cho huyén Chu Prong gom XT 480/E42 va
XT 373/E42 thong qua tram trung gian Tra Ba (F7).

Tram 110/35/22 kV Chu Prong (110CR) véi mot may bién ap 16 MVA ¢ bén
XT cung cap cho huyén Chu Prong bao gom 472/110CR, 474/110CR, 476/110CR va
478/110CR trong d6 XT 478/110CR dugc dung du phong.

Tram trung gian 35/22 KV Ham Rong (F19) véi hai may bién ap c6 tong cong
sudt 11.9 MVA bao gom hai XT 472/F19 va 474/F19 cung cap cho huyén Chu Prong.

Tram trung gian 35/22 kV Chu Prong (F20) véi hai may bién ap c6 tong cong
suit 10.3 MVA, c6 hai XT 472/F20 va 475/F20 cung cap cho huyén Chu Prong .

Tong chiéu dai dudng day trung thé 459.55 km. Tong sb tram bién ap 1a 424
tram/436 may cung cap cho 22,105 khach hang.

Trén LDPP Chu Prong, bén XT 480/E42, 474/110CR, 472/F19 va 474/F19 tao
thanh tric mach vong, cac XT con lai cung cép cho ting ving riéng biét. Vi vay,
trong pham vi ludn an chi thyc hién nghién ctru trén cAu triic mach vong duogc tao bdi
bbén XT trén v&i 259 nhanh, 257 nat va tong cong suat phu tai 8.6357 MW, 3 khoa
dién thuong mo {33-34, 154-238, 164-182} (Hinh 5.1). Thong sb phu tai va duong
day dugc cho ¢ Phu luc 12 va Phuy lyc 13 [125]. Ngoai ra, trén dia ban cung cip dién
ctia bén XT trén, c6 mot sb thuy dién nho. Tuy nhién, cac thiy dién nay hién dang
phat tap trung trén dudng day 35 kV va truyén tai vé tram bién ap 110 kV Chu Prong.

So dd mach vong bén xuét tuyén LDPP dugc cho ¢ Phy luc 15.
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Do trén LDPP Chu Prong c6 mot sb phu tai mot pha, nhung trong pham vi
nghién ciru cua ludn an chi xem xét dén phu tai can bang nén cic phu tai trong hé
théng duoc gia dinh 13 phu tai ba pha cin bang va khong d6i. Vi vay, dé ap dung céac
phuong phap d3 nghién ctru trén LDPP Chu Prong, mot sb gia thiét sau duoc dit ra:

- Phu tai tai tt ca cac nht 1a phu tai can béng;
- Cong suit tai cac nut phuy tai khéng doi.
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Hinh 5. 1. So d don tuyén bén XT trén LDPP Chu Prong — Dién luc Gia Lai.
Bang 5. 1. Thong s6 ba DG trén LDPP Chu Prong.

. . .: ...| S6tomay | Cobngsuat dat Cong phat
TT| Nh b
S a may 1a diém dat N x KW (MW) (MW)
1 | laDrang2 | Chu Prong 3 x 500 1.5 1.5
2 | laDrang 3 | Chu Prong 2 x 800 1.6 1.6
3 laPuch 3 | Chu Prong 3x 2,200 6.6 3.4
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5.2.  Két qua ap dung phwong phap dé xuat

So véi LBPP 33, 69 va 119 ntt, LDPP Chu Prong c6 quy mé 16n hon véi 257
nut, qua trinh tinh todn phan b cong suat cho mdi cau hinh xem xét s& mat nhiéu thoi
gian. Trong truong hop nay, thuit toan RRA dugc lwa chon dé tdi wu cdu trac van
hanh LDPP Chu Prong do boi RRA ¢6 kha ning tim duoc ciu hinh van hanh LDPP
vé6i s6 vong lap nhé hon nhiéu so véi phuong phap CGA va CSA. Thong sb caa thuat
toan RRA duoc lwa chon st dung trén ludi dién Chu Prong nhu sau: s6 cay me Nyop =
30, vong lap 16n nhat iter;,,, = 50, su thay doi twong ddi gia tri ham thich nghi tot
nhat trong hai vong lap tol = 0.01; s vong lap dé khoi dong lai thuat toan
Stall,,,, = 10. Do bai s6 luong khda mé ban dau trén ludi 1a 3 khoa. Vi vay, kich
thudc cua vector giai phap caa hé théng 12 dim = 3. Giao dién chuong trinh tinh toan
tai cau hinh LDPP Chu Prong duoc xay dung trén phan mém Matlab nhu ¢ Phu luc
14,

5.2.1. Tai cau hinh giam ton that cong suat

Két qua thuc hién tai cdu hinh giam ton that cong suét trén ludi dién Chu Prong
nut dugc trinh bay trong Bang 5.2. CAu hinh van hanh hién tai cua luéi dién Chu
Prong voi cac khoa md {257, 258 va 259} v6i mire ton that cong suat, dién ap thap
nhat, hé sb mang tai 1on nhat 1an luot 14 81.5655 kW, 0.9717 (nlit 99) va 0.2834. Cong
suat ngudn cung cap tai bdn XT 474/11RC, 472/F19, 474/F19 va E480/E42 lan luot
14 {2.3206, 1.6560, 1.9853 va 2.9559 MVA}.

Sau khi thuc hién tai cAu hinh, ton that cong suét giam tuor 81.5655 kW Xuéng
73.9053 kW voi cac khoa dién mé {257, 231, 143}. Két qua ndy tuong tu véi cdu
hinh tim duoc khi thuc hién bé’mg PSS/ADEPT dugc trinh bay ¢ Phu luc 1. Bién do
dién 4p nut thap nhat khong ddi so véi trude khi tai cau hinh. Bién do dién 4p cac nat
trong hé thdng trude va sau khi tai ciu hinh dugc cho ¢ Hinh 5.2. Hé sé mang tai trén
cac nhanh dugc cho ¢ Hinh 5.3. Tir Hinh 5.3 cho thiy v&i muc phy tai hién tai, hé s6
mang tai trén cac nhanh cua ludi dién Chu Prong 1a rit thip trong khoang tir (0 -
0.2834). Tuy nhién, rd rang sy cin bang cong sudt giita bon XT c6 sy chénh 1éch dang

ke so voi trude khi thyc hién tai cau hinh vdi cong suat nguon cung cap tir bon XT
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lan luot 1a {2.3206, 2.7416, 0.8604, 2.9559 MVA}. Dic tuyén hoi tu ciia RRA trong
20 1an chay doc 1ap duoc cho & Hinh 5.4 va cac gia tri 10n nhat, nho nhat, trung binh,
d6 1éch chuan ciia ham thich nghi cho ¢ Bang 5.2 cho thay giai phap tim dugc boi
thuat toan RRA 1a dang tin cdy do béi gia tri trung binh cta ham thich nghi gin bang
v6i gid tri nho nhat cua ching. Thoi gian tinh toan trung binh trong mdi 1an thuc hién

khoang 108 giay.
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Hinh 5. 2. Bién d6 dién ap trudc va sau khi tai cAu hinh giam ton that cong suét.
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Hinh 5. 3. Hé s6 mang tai trén cac nhanh trudc va sau khi tai cdu hinh giam ton that

cong suat.
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Hinh 5. 4. Bic tuyén hoi tu cia RRA v6i ham muc tiéu giam ton that cong suét.

Bang 5. 2. Két qua tai cau hinh giam ton that cong suat.

Céu hinh Ban dau T6i wu (giam AP)
Khéa mé 257, 258, 259 257, 231, 143

AP (kW) 81.5655 73.9053

Vmin (pu) 0.9717 (99) 0.9717 (99)

Vmax (pu) 1() 1(1)

LBI 0.0044 0.0040

(1/Tam) max 0.2834 0.2834

LBF 0.3082 0.8908

Feederi (MVA) | [2.3206, 1.6560, 1.9853, 2.9559] | [2.3206, 2.7416, 0.8604, 2.9559]
NSW 0 4

Max of Fit - 74.9624

Min of Fit - 73.9053

Mean of Fit - 74.2224

STD - 0.381583

Mean of | - 23.6

iteration

CPU time - 107.8014
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5.2.2. Tai cau hinh sir dung ham da muc tiéu

So véi cau hinh ludi ban dau, ton that cong suit da giam dang ké sau khi thuc
hién tai cau hinh giam ton that cong suat v6i bon lan thay doi trang thai khoa dién.
Céc thong s6 cua hé théng nhu bién d6 dién ap cac nat, hé sé mang tai cta cac nhanh
khong thay d6i dang ké sau khi tai cdu hinh. Tuy nhién, rd rang mic do cn bang tai
gifra bon XT c6 su thay doi rd rét. Chi sb can bang giita cac xuat tuyén LBF da ting
tir 0.3082 dén 0.8908 véi cong suit ngudn cung cap ciia bén XT thay doi tir {2.3206,
1.6560, 1.9853, 2.9559} dén {2.3206, 2.7416, 0.8604, 2.9559}. R rang, su mat cin
bang tai gitra bdn XT di tré 16n hon so v6i cau hinh ban dau. Dic biét trén LDPP
hién hiru chua duoc lap 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 cAu hinh da muc tiéu duoc ap dung trén ludi dién Chu Prong nham tim ra cdu trac
van hanh khéc phuc dugc nhirng han ché trén.

Tuong tu chuong hai, nam muyc ti€u thanh phén duoc toi vu duoc sir dung trén
trén ludi dién Chu Prong bao gom cuc tiéu ton that cong suat tac dung, sb lan van
hanh khoa va d6 léch dién &p cac nat, cai thién su can bang tai gitta cac nhénh, gita
c4c xuit tuyén. Dé tim gia tri nho nhit cua cac ham thanh vién, bai toan tai cau hinh
don muc tiéu lan luot dugc ap dung cho mdi ham muc tiéu thanh phan, két qua thuc
hién duoc cho & Bang 5.3. So véi cdu hinh ban dau, ngoai trir ham muc tiéu giam ton
that céng suat co gia tri ton that céng suat thu duoc giam dang ké so véi cau hinh ban
dau, cac gia tri ham muc tiéu con lai trong cac truong hop sir dung ham don muc tiéu
nhu LBF, (1-Vimin) Va LBI khéng c6 su cai thién dang ké nao do véi cau hinh ban dau.
Diéu nay cho thiy cac gié tri Vmin, LBI, LBF trén cdu hinh ban dau di nim trong dai
tb1 uu.

Ngoai ra, trong trudng hop sir dung ham don muc tiéu giam ton that cong suat
thu duoc cau hinh ¢ ton that cong suat giam dang ké so véi cAu hinh ban dau, nhung
chi sb can bang tai gitra bén XT lai ting 1én dang ké. Vi vay, trong trudng hop nay
bai toan tai cAu hinh da muc tiéu ap dung trén luéi dién Chu Prong sé& xem xét cac

ham muc ti€u giam ton that cong suat, giam chi so0 LBF va so lan chuyén khoa véi
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gia tri lon nhét, nhé nhét cta cac ham muc tiéu thanh vién duogc cho & Bang 5.4.

Bang 5. 3. Két qua tinh toan st dung ham don muc tiéu trén ludi dién Chu Prong.

Ham muc | Ban dau Giam AP Giam LBF | Giam (1-Vmin) | Giam LBI

tiéu

Khoamo | 257, 258, 259 | 257, 231, 143 | 64, 148, 259 | 44, 145, 259 | 65, 232, 143

AP (kW) 81.5655 73.9053 85.9614 80.6845 82.4123

Vin (pu) 0.9717 (99) |0.9717 (99) | 0.9671(99) |0.9751(99) | 0.9653 (99)

Vmax (pu) | 1 (1) 1(1) 1(1) 1(1) 1(1)

LBI 0.0044 0.0040 0.0041 0.0056 0.0038

(1 ldm)max 0.2834 0.2834 0.2569 0.3450 0.2466

LBF 0.3082 0.8908 0.2265 0.8272 0.8296

Feeder; [2.32086, [2.3206, [2.5970, [1.6931, [2.7062,

(MVA) 1.6560, 2.74186, 1.7924, 1.9568, 2.74186,
1.9853, 0.8604, 1.8510, 1.6827, 0.8604,
2.9559] 2.9559] 2.6877] 3.5788] 2.5830]

NSW 0 4 4 4 6

Max of Fit |- 74.9624 0.24989 0.024853 0.0038371

Min of Fit | - 73.9053 0.22645 0.024853 0.0038177

Mean of Fit | - 74.2224 0.23603 0.024853 0.0038235

STD 0.381583 0.0094 0 9.3925¢-06

Mean of 23.6 22 5 17

iteration

CPUtime |- 107.8014 115.95 208.4875 253.1179

Bang 5. 4. Gigi han cta cac ham thanh vién trén ludi dién Chu Prong.

Muc Fap Fa-vmin) | Fusi Fnsw FLer
Max 81.5655 | - - 6 0.8908
Min 73.9053 | - - 0 0.2265
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Hinh 5. 5. Hé s6 mang tai trén cdc nhanh khi tai cau hinh da muc tiéu.
Bang 5. 5. Két qua tai ciu hinh da muyc tiéu.
CAu hinh Ban dau Téi wu (giam AP) Tbi wu da muc tiéu
Khoéa mo 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)
Vmax (pu) 1(1) 1(1) 1(2)
LBI 0.0044 0.0040 0.0040
(I/ lgm)max 0.2834 0.2834 0.2834
LBF 0.3082 0.8908 0.5572
[2.3206, 1.6560, | [2.3206, 2.7416, | [2.3206, 2.4208,

Feederi (MVA)

1.9853, 2.9559]

0.8604, 2.9559]

1.1810, 2.9559]

NSW 0 4 2

Max of Fit - 74.9624 0.89548
Min of Fit - 73.9053 0.49781
Mean of Fit - 74.2224 0.61819
STD - 0.381583 0.14473
Mean of iteration | - 23.6 24.2
CPU time - 107.8014 249.7794
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Két qua thuc hién tai ciu hinh da muc tiéu so véi truong hop tai ciu hinh giam
ton that céng suat dugc cho & Bang 5.5. Bang 5.5 cho thay, mac du tén that céng suat
thu duoc 16n hon so véi trudng hop don muyc tiéu giam ton that cong suat, nhung chi
s6 can bang tai gitra bon XT da duoc cai thién dang ké tir 0.8908 xubng 0.5572 twong
rng véi cong suat ngudn cung cap tai bdn XT lan luot 13 {2.3206, 2.4208 1.1810,
2.9559 MVVA} va chi mat hai 1an chuyén khéa théng qua viéc déng khoa 259 va mé
khoa 161. Hinh 5.5 va 4.6 cho thiy, bién d6 dién ap cac nidt va hé sé mang tai trén
cac nhanh khdng c6 su thay doi dang ké so véi truong hop don muc tiéu giam ton
that céng suat. Trong truong hop nay, rd rang cd thé xem xét van hanh luéi dién Chu
Prong ¢ thoi diém hién tai theo cu trac ludi xac dinh tir ham da muc tiéu dé giam
ton that cong suat, sb lan chuyén khda it nhat va su mat can bang tai caa bén XT

khong thay doi dang ké so véi cau triic ludi ban dau.
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Hinh 5. 6. Bién d6 dién ap khi tai cAu hinh da muc tiéu.

5.2.3. Tai ciu hinh LPPP c6 xét dén DG giam ton that cong suit

Nhu di trinh bay & phan 4.1, trén LDPP Chu Prong hién c6 mot sb ngudn thuy
dién nho trong d6 c6 ba thity dién c6 cong suét tuong ddi 1én nhu la Drang 2, la Drang
3 va la Puch 3. Tuy nhién, hién nay ba thuy dién nay dang dugc phat tap trung trén
duong day 35 kV va truyén tai vé tram bién 4p 110 kV Chu Prong. Vi vay, viéc xem
xét két nbi cac ngudn DG nay truc tiép dén LDPP 22 kV ciing can dugc xem xét, diéu

nay cho phép cac ngudn DG két ndi tryc tiép dén khach hang dung dién, dap tng nhu
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cau nang luong tai chd va 1am giam ton that cong suét trén LDPP.

Bang 5. 6. Vung két ndi cua cac DG.

Cong suit

STT | DG ) Ving két néi kha thi ctia cac DG (nut)
phat (MW)
1 laDrang2 | 1.5 221,222,223
2 laDrang 3 | 1.6 164, 165, 166, 167, 168, 169, 170, 171, 172, 173

34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46,
47,48, 49, 50, 51

3 la Puch 3 3.4

Can ctr vao vi tri cta cac thuy dién la Drang 2, la Drang 3 va la Puch 3, ba DG
nay c6 kha niang két néi truc tiép dén LDPP 22 kV & mot s6 nat nhu Bang 5.6. Két
qua tbi wu vi tri va céng suat cia cac DG két hop véi tai cau hinh duoc cho & Bang
5.7. Bang 5.7 cho thay, khi tai cau hinh két hop véi ti wu vi tri va céng suat DG, ton
that cong suat da giam tir 73.91 kKW xudng 24.25 KW so voi truong hop chi tai cau
hinh. Nhu vay, rd rang 1a néu cac DG nay dugc két ndi truc tiép dén LDPP 22 kV,
t6n that trén ludi sé giam dang ké, ngoai ra viéc két ndi nay ciing gop phan cai thién
chat luong dién ap trong hé thong. Nat c6 dién ap thap nhat da tang tir 0.9717 p.u.
dén 0.9898 p.u. xay ra & ndt 99 trong hé thdng, dién 4p cac nut duoc thé hién trong
Hinh 5.7, déu duoc cai thién so véi truong hop chi thuc hién tai cau hinh. Hinh 5.8
cho thdy hé sé mang tai trén cac dudng day da giam dang ké véi chi s6 LBI da giam
tir 0.0040 xudng 0.0011 va dudng day c6 hé sé mang tai 16n nhat chi bang 15.33 %
S0 Vi 28.34% trong truong hop chi tai ciu hinh. Tuy nhién, tir két qua tinh toan téi
rru cong suit cua cac DG co thé thdy riang dé cuc tiéu ton that cong suat trén hé théng
va véi viing két ndi kha thi cua cac DG bi gidi han do khu vuc dia ly, céng suat toi
cua cac DG phat 1én LDPP khong dat dén cdng suat phat hién cé cua cac DG, cu thé
DG la Drang 2 két nbi dén nit 21 chi phat 0.5567/1.5 MW, la Drang 3 két ndi dén
nat 64 phat 1.6/1.6 MW va la Puch 3 két néi dén nit 35 chi phéat 2.6662/3.4 MW.
Nhu vay, néu mudn phat téi da cong suat phat cia cac DG 1én LDPP, can xem xét

dén chi phi gia ting ton that cdng suat trén LDPP va ddy c6 thé 1a mot yéu té dang
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quan tam trong qua trinh thoa thuan két ndi gitta cac nha cung cap DG va nha quan
ly hé thdng phan phdi.

1

S

]
=\ NV
| \ / AN
N

\‘H Sau tdi cAu hinh gidm t&n thit cong suat

0.97 Sau tdi cAu hinh va t3i wu vi tri va cong sudt DG
~0 50 100 150 200 257
Nut

bién dp (p.u.)

Hinh 5. 7. Bién d6 dién ap khi c6 DG.

03 .
a | ™==Ban dau
Sau tdi cAu hinh gidm t&n thit cong sudt
0.25 '} | = Sau t4i c4u hinh va t5i wu vi tri va cong sudt DG
0.2
0%
- 1 J
1\
£ o015 (]
= 11
A 11 ]
1 |
0.1 [] 1
1
| P P
1 \ 1
0051\ H .
O £
0 50 100 150 200 260
Nhanh

Hinh 5. 8. H¢ s6 mang tai trén cac nhanh khi c¢6 DG.

Dbi voi truong hop tai cau hinh két hop véi ti uu vi tri va dung luong DG, bai
toan toi wu tré nén phirc tap hon so v6i bai toan tai cau hinh. Boi vi, dbi voi bai toan
tai cau hinh, khong gian tim kiém cua cac khoa dién 13 cac sd nguyén duong va co
gidi han. Diéu nay xay ra twong tu v6i vi trj cta cac ngudn DG. Tuy nhién, gié tri
cong suat phat tdi uu cia DG 1a mot bién sb thuc nén c6 khong gian rat 1on trong

khoang gia trj gii han cho trudc. Vi vy, trong truong hop nay dé dam bao thuit toan
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RRA c6 thé tim duoc két qua tdi wu, s6 vong 1ap 16n nhét duge cho bang 500. Dic
tuyén hoi tu duoc cho & Hinh 5.9. Hinh v& cho thay, dic tuyén hoi tu trung binh sau
20 1an tinh toan doc 1ap tiém can voi ddc tuyén hoi tu nho nhat. Piéu nay cho thay sy
tinh kha thi va 6n dinh cua thudt toan trong qua trinh giai bai toan tai cdu hinh két

hop vo1 to1 vu vi tri va cong suat cia cac nguon DG.
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Hinh 5. 9. Pic tuyén hoi tu cia RRA khi tai cau hinh c6 xét DG.
Bang 5. 7. Két qua tai ciu hinh két hop véi toi wu vi tri va cong suat phét cua cac

ngudn thily dién nho giam ton that cong suét.

Cau hinh Ban dau T4i cau hinh Tai cau hinh c6 xét DG
Khoa mé 257,258,259 | 257,231,143 |29, 236, 142

0.5567 (221), 1.6
(164), 2.6662 (35)

Ppc (nut) [MW)] - -

AP (kW) 81.5655 73.9053 24.2456
Viin (pU) 0.9717 (99) 0.9717 (99) 0.9898 (99)
Vinax (pU) 1(0) 1(0) 1(0)

LBI 0.0044 0.0040 0.0011
(1/1dm)max 0.2834 0.2834 0.1533
LBF 0.3082 0.8908 0.1652

[2.3206, 1.6560, | [2.3206, 2.7416, | [1.0340, 0.7789,
1.9853, 2.9559] | 0.8604, 2.9559] | 0.7728, 1.6376]
NSW 0 4 6

Feederi (MVA)
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Cau hinh Ban dau Téi cAu hinh Téi cAu hinh c6 xét DG
Max of Fit - 74.9624 25.2576

Min of Fit - 73.9053 24.2456

Mean of Fit - 74.2224 24.4737

STD - 0.381583 0.363309

Mean of iteration | - 23.6 377.3

CPU time - 107.8014 3354

5.3. Kétluan

Trong chuong nay, phuwong phap tai cau hinh LDPP sir dung thuat toan ti wu
RRA di duogc ap dung trén LDPP huyén Chu Prong dé dap img mot s6 muc tiéu va
diéu kién van hanh. Két qua thyc hién nhu sau:

Véi muc phu tai hién tai cia LDPP Chu Prong, tai ciu hinh bang RRA da xac
dinh ciu trac van hanh mai giam duogc 9.4% ton that cong suét so vGi cau tric ludi
hién hiru.

Can ctr vao thuce trang cia LDPP Chu Prong, phuong phép tai ciu hinh da muc
ti€éu su dung RRA da xac dinh dugc cAu tric van hanh tbi vu giam duoc 8.9% ton
that cong suat va dam bao sy cin bang tai giira cac XT voi sb 1an chuyén khoa it nhat.
Két qua thuc hién co thé dugc dung dé tham khao khi cin bo sung thém mot sé khoa
dién tdi thiéu trén ludi dé dap ung nhu cau van hanh da muyc tiéu.

Phuong phap tai cau hinh két hop v6i bai toan tdi uu vi tri va cong suat cac
nguén dién phan tan da xac dinh duogc vi tri két ndi va cong suét phat tdi vu cho mot
sO thily dién nho trén dia ban von dang két ndi dén cac may bién 4p 35 kV dé nang
cao hiéu qua cia LDPP Chu Prong. Phuong phap va két qua thuc hién co thé duoc
dung tham khao khi c¢6 nhu cau két ndi truc tiép cac ngudn thay dién nho d¢én LDPP

Chu Prong 22 kV.
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Chuong 6
KET LUAN

6.1. K&ét qua dat duoc

Luén 4n trinh bay phuong phap giai bai toan tai ciu hinh LDPP sir dung cac giai
thuat tim kiém t5i wu. Do boi duge van hanh ¢ cap dién ap thap, dong dién 16n nén
LDPP thuong cé ton that dién ning va do sut ap 16n. Vi vy, giam ton that dién nang
trén LDPP ¢6 y nghia quan trong trong van hanh LDPP. Bai toan tai cau hinh LDPP
duoc thuc hién thong qua thay doi trang thai cac khoa dién trén ludi dién dugc hinh
thanh dya trén dic diém cua LDPP ¢6 ciu hinh mach vong nhung duoc van hanh hinh
tia. Pay 1a mot phuong phap hiéu qua dé giam ton that dién nang 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 cdu hinh LDPP 1a mét bai toan phi tuyén, nhiéu cuc tri dia
phuong va cac déu kién rang budc. Viéc nghién ctru cac phuong phap phu hop, hiéu
qua dé giai bai toan c6 ¥ nghia quan trong trong viéc xac dinh dugc cdu hinh van
hanh t4i wu, théa méan cac muc tiéu van hanh. Ngoai ra, vdi su phat trién manh mé
cua cac loai nguén dién phan tan, von duoc két ndi truc tiép dén LDPP, bai toan tai
cAu hinh khéng thé duoc giai ma khong quan tim dén cac ngudn dién ndy. Dya vao
nhitng yéu t trén, luin an da dé xuit mot sb giai phap cu thé nhu sau:

Phuong phép giai bai toan tai cau hinh giam ton that cong suat: Do bai bai toan
tai cdu hinh giam ton that cong suat 1a mo dun 13i clia cac bai toan tai cdu hinh, luan
an da dé xuat phuong phap giai bai toan tai ciu hinh giam ton thit cong suét st dung
céc giai thuat heuristic tong quat. Trong d6, cac thuat toan heuristic tong quat dugc
cai tién vé& phuong phap ma hoa cac bién diéu khién dé phu hop véi bai toan tai cdu
hinh LDPP. Cu thé, cc bién diéu khién dugc ma hoa dudi dang sb nguyén chi vi tri
céc khoa dién trong cac vong kin trén LDPP dé gitip cho thuat todn tao ra nhiéu ciu
hinh Iudi hop 1€ hon so véi cac phuong phap ma hoa khac. Ngoai ra, phuong phap
gidi han khong gian tim kiém cua mdi khoa dién duoc thuc hién thong qua phuong

phap xéc dinh cac vong co sd, giup cac thudt toan khong bi bo so6t nghiém trong qua
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trinh tinh todn. Bén canh d6, théng qua viéc nghién ctru dic diém cia cac thuit toan
t61 vy, luan an dé xuét ap dung giai thuat CSA dé giai bai toan tai ciu hinh LDPP.
Két qua so sanh phuong phap sir dung CSA v6i CGA, PSO va mot s6 nghién ciru
khac dugc thuc hién trén cac LDPP c¢6 quy mé khac nhau cho thdy hiéu qua cia
phuong phép dé nghi. Trong d6, CSA hiéu qua hon CGA va PSO & giai phap thu
dugc trong qua trinh giai bai toan tai ciu hinh trén cac LDPP 1én.

Bai toan tdi ciu hinh LDPP da muyc tiéu: Thay ddi cdu hinh van hanh LDPP
khong chi anh hudng dén ton that cong suat ma con anh huong dén cac thong sd k¥
thuat khic ctia LDPP. Vi vay, luin an da trinh bay phuong phap tai cdu hinh da muc
tiéu dé tdi wu cac muc tiéu van hanh LDPP bao gdm cuc tiéu ton that cong suat, chi
s6 can bang tai, chi s6 can bang giira cac xuat tuyén, do léch dien ap ndt va sé lan
chuyén khoa. Phuong phap max-min duoc st dung dé lya chon giai phap thoa hiép
giita c4c ham muc tiéu thanh vién. Ngoai ra, dé phong phu thém cic phuong phap
giai bai toan tai cau hinh LDPP, luan 4n dé xuat phuong phap giai bai toan tai cau
hinh LDPP dua trén thuat toan RRA. Két qua kiém tra trén hai hé thong 33 va 70 nit
cho thdy dugc uu diém cia RRA so v6i CSA va CGA. Trong d6, RRA ¢6 wu diém
dang chu ¥ 1 cai thién duoc téc do tinh toan trén cac LDPP 16n nhd c6 kha nang hoi
tu toan cuc sém hon so v6i CSA va CGA.

Dénh gia anh hudng cta vi tri va cong suit DG dén bai toan tai cdu hinh LDPP:
Téi wu vi tri va cong suat phét ciia cac ngudén DG trén LDPP ciing gop phan giam ton
that dién nang. Do do, viéc két hop giai bai toan t6i wu vi tri, cong suat DG va bai
toan tai cAu hinh s& phét huy t6i da hiéu qua cia cia LDPP. Tuy nhién, khi két hop
hai bai toan nhiéu nghién ctru di dua trén cac thong s6 k§ thuat ctia ciu hinh LDPP
hinh tia ban dau dé xac dinh trudc vi tri két ndi DG, nhung 1 rang cac thong sd nay
c6 thé bi thay d6i khi ciu hinh LDPP dugc thay doi trong qua trinh tai cau hinh dan
dén két qua thu duoc khong phai 1a giai phap t6i wu nhat. Vi vay, thong qua viéc sir
dung thuat todan CSA giai bai toan tai cau hinh, bai toan toi wu vi tri cong suat DG va
céc bai toan tai cdu hinh két hop vé6i bai toan téi wu vi tri va cong suat DG cho thiy

phuong phap tai cau hinh két hop véi toi wu vi tri va cong suat DG dong thoi thu duoc
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cAu hinh c6 ton that cong suét dat cuc tiéu va chat luong dién ap duogc cai thién hon
s0 voi cac k¥ thuat giai bai toan tai cau hinh va tdi uu vi tri DG riéng ré& hay két hop
hai bai toan mot cach khong day du.

Bai toan tai cdu hinh LDPP giam ton thit ning luong c6 xét dén ngudn dién
phan tan: Mic du bai toan tai cau hinh LDPP giam ton that cong suat 1a mo dun quan
trong clia cac bai toan tai cdu hinh, nhung bai toan tai cu hinh LDPP giam ton thét
nang luong mai 1a bai toan thuc té cua van hanh LDPP. DBé xac dinh duoc cdu hinh
véan hanh cyc tiéu ton that niang lugng trong khoang thoi gian khao sat, thong thuong
phai sir dung dén d0 thi phu tai ciia mdi nat tai trén LDPP. Tuy nhién, viéc thu thap
d6 thi phy tai mdi nat trong hé théng 13 mot cong viée 16n doi héi nhiéu cong sirc
nhat 1a d6i v6i cac LDPP khong dugc trang bi dong bo céc thiét bi thu thap do thi phu
tai. Ngoai ra, d6i véi cac LDPP c6 chi phi chuyén tai tai cao khi thay ddi trang thai
cac khoa dién do LDPP chua dugc trang bi cac khoa dién diéu khién tir xa, thoi gian
cit dién 10n thi viéc thay d6i nhiéu cau hinh luéi trong khoang thoi gian khao sat s&
khong mang lai hiéu qua cao. Vi vy, luan an da dé xuat phuong phap tai ciu hinh
LDPP giam ton that nang luong trong thoi doan khao sat 4p dung cho cac LDPP c¢6
dic diém trén. Uu diém cua phuong phap dé xuat 1a sir dung cong suit trung binh cta
phu tai va cong sut phat trung binh cia nguén DG trong thoi doan khao sat dé tim
cAu hinh van hanh khong ddi trong thoi doan khao sat c6 ton thit nang luong bé nhat.
Két qua so sanh gitra phuong phap str dung céng suit trung binh cta phuy tai va cong
sut phat trung binh ctia DG trong thdi doan khao sat va phuong phép st dung do thi
phu tai va d6 thi cong suat phat ctia DG cho thdy hoan toan c6 thé x4c dinh dugc cau
hinh van hanh t6i wu giam ton that ning luong dya trén cong suét phu tai trung binh
va cong suat DG trung binh ma khong can thu thap do thi phuy tai ciia cac nut tai, o
thi phat cua cac DG trong LDPP.

V& mit thyc tién, cac phuong phap nghién ctru c¢6 kha ning ap dung vao céc
LDPP thyc té thong qua cac két qua kiém tra trén LDPP Chu Prong. Cu thé, sau khi
thuc hién tai cau hinh giam ton that cong suit, da xac dinh duoc ciu hinh van hanh

toi uu gitp gidm 9.4% ton that cong suat so vdi cau hinh ludi hién hiru. Ngoai ra, can
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cu vao hién trang cia LDPP Chu Prong do chua dugc lép dat nhiéu khoa dién trén
toan hé thong ciing nhu xét dén sy can bang cua bén xuat tuyén trong hé thong, luan
an da dé xuat giai phap tai cau hinh da muc tiéu nham giam s6 vi tri phai lip thém
khoa dién cling nhu dam bao sy can bang cua cac xuat tuyén. Qua d6, da xac dinh
duoc ciu hinh van hanh giam duogc 8.9% tdn that cong suét so v&i cau hinh luéi hién
htru bﬁng Viéc lép dat thém mot khoa di¢n trong h¢ théng. Bén canh d0, do bai trén
dia ban c6 mot sb thuy dién nho dang két ndi dén cac mdy bién 4p 35 kV, diéu nay
chua phat huy t6i da hiéu qua ctia cac nguén DG nay. Vi vy, ludn an da dé xuét giai
phap xac dinh duoc vi tri két ndi toi wu va cong suat phat tdi wu vao LDPP Chu Prong
cho cic DG nay dé nang cao hiéu qua caia LDPP Chu Prong. Phuong phép va két qua
thuc hién c6 thé duoc dung tham khao khi quy hoach cac diém két ndi mot sb DG
hién httu vao LDPP Chu Prong 22 kV.
6.2. Huwong phat trién cia luin 4n

Str dung cac phuwong phap tai ciu hinh di nghién ctru giai mot sd bai toan trén
LDPP nhu sau:

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

- Bai toan khoi phuc cung cip dién théng qua thao tac dong mé cac khoa dién

trén LDPP ¢6 cdu triic mach vong.
- Bai toan tdi wu vi tri va cong suit phat cta cac loai DG trén LDPP dap tng

cac muc tiéu kinh té va k¥ thuat.
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PHU LUC
Phu luc 1. Két qua tai cu hinh LDPP 33 nut, 69 nut, 119 nat va LDPP Chu Prong
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Hinh 1-1. Trang thai cac khoa dién sau khi tai c4u hinh trén LDPP 33 nut.

Bang 1-1. Ton thit cong suét trudc va sau khi tai cau hinh trén LDPP 33 nut.

Financial: Annual Demand
Energy Value
Value
Pk} G kvar)
Initial Losses 20270 13514 106,539 0
Final Losses 13955 102.30 73,347
Savings 6315 3284 33,192 0
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Hinh 1-2. Trang thai cac khoa dién sau khi tai cau hinh trén LDPP 69 nit.
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Bang 1-2. Ton thit cong suét trude va sau khi tai ciu hinh trén LDPP 69 nut.

Financial: Annual Demand
Energy Value
Value
Pk} G | kwar)
Initial Losses 324 0F 10214 118,239
Final Losses 93.59 9z.04 51,818
Savings 126.37 10.10 66,420
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Hinh 1-3. Trang thai cac khoa dién sau khi tai c4u hinh trén LDPP 119 nat.
Bang 1-3. Ton that cong sudt trudc va sau khi tai cau hinh trén LDPP 119 nit.

Financial: Annual Demand
Energy Value
Value
P(kW) Q (kvar)
Initial Losses 1,282.23 1,055.56 673,940 0
Final Losses 881.40 782.09 463,264 0
Savings 400.83 273.47 210,676 0
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Bang 1-4. Ton thit cong suit trudc va sau khi tai ciu hinh trén LDPP Chu Prong.

Financial: Annual Demand
Energy Value
Value
P(kW) Q (kvar)
Initial Losses 84.09 93.92 44,198 0
Final Losses 77.03 95.48 40,487 0
Savings 7.06 -1.56 3,711 0

Beginning TOPO analysis...

Iterationl

Switch FCO_ 257 [T270-T271] closed.
Switch FCO 257 [T270-T271] opened.

New system loss: 84.09 kW 93.92 kvar
Iteration?2

Switch DCLCT T.Hung [T37-T148/62] closed.
Switch FCO_QHoachl [T148-T148/1] opened.
New system loss: 83.01 kw 97.58 kvar
Iteration3

Switch DCLCT226 [T226-T150-F19] closed.
Switch DCL 143 [T148-NODE3] opened.

New system loss: 80.06 kw 101.89 kvar
Iterationi

Switch FCO 257 [T270-T271] closed.
Switch FCO 257 [T270-T271] opened.

New system loss: 80.06 kw 101.89 kvar
Iterationb

Switch FCO_QHoachl [T148-T148/1] closed.
Switch FCO 231 [T04-TO05-F18] opened.

New system loss: 77.03 kW 95.48 kvar
Iteration6

Switch DCL 143 [T148-NODE3] closed.
Switch DCL 143 [T148-NODE3] opened.

New system loss: 77.03 kw 95.48 kvar
Iteration?

Switch FCO 257 [T270-T271] closed.
Switch FCO 257 [T270-T271] opened.

New system loss: 77.03 kWw 95.48 kvar
Iteration8

Switch FCO 231 [T04-TO05-F18] closed.
Switch FCO 231 [T04-T05-F18] opened.

New system loss: 77.03 kw 95.48 kvar
Initial system loss: 84.09 kW 93.92 kvar
Final system loss: 77.03 kW 95.48 kvar
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Phu luc 2. Thong sb phu tai LDPP 33 nit

, P , P , P , P
NOET w) (M?/V) NI (aw) (MQW) NOE T aw) (MQW) NI naw) (M%V)
1 0 0 10 0.06 0.02 19 0.09 0.04 8 0.06 0.02
2 0.1 0.06 11 | 0.045 | 0.03 20 0.09 0.04 29 0.12 0.07
3 0.09 0.04 12 0.06 | 0.035 21 0.09 0.04 30 0.2 0.6
4 0.12 0.08 13 0.06 | 0.035 22 0.09 0.04 il 0.15 0.07
5 0.06 0.03 14 0.12 0.08 23 0.09 0.05 32 0.21 0.1
6 0.06 0.02 15 0.06 0.01 24 0.42 0.2 33 0.06 0.04
7 0.2 0.1 16 0.06 0.02 25 0.42 0.2

8 0.2 0.1 17 0.06 0.02 26 0.06 | 0.025

9 0.06 0.02 18 0.09 0.04 27 0.06 | 0.025

Phu luc 3. Thong s duong day LDPP 33 nut

Tir | Dén ro X0 | Irate Tir | Dén ro X0 | lrate
nat | nat | (@km) | (@km) | (km) | (A) | | ndt | ndt | (@km) | (@km) | (km) | (A)
1 2 0.0922 0.047 1 255 20 21 0.4095 0.4784 1 255
2 3 0.493 0.2512 1 255 21 22 0.7089 0.9373 1 255
3 4 0.3661 0.1864 1 255 3 23 0.4512 0.3084 1 255
4 5 0.3811 0.1941 1 255 23 24 0.898 0.7091 1 255
5 6 0.819 0.707 1 255 24 25 0.8959 0.7071 1 255
6 7 0.1872 0.6188 1 255 6 26 0.2031 0.1034 1 255
7 8 0.7115 0.2351 1 255 26 27 0.2842 0.1447 1 255
8 9 1.0299 0.74 1 255 27 28 1.0589 0.9338 1 255
9 10 1.044 0.74 1 255 28 29 0.8043 0.7006 1 255
10 11 0.1967 0.0651 1 255 29 30 0.5074 0.2585 1 255
11 12 0.3744 0.1298 1 255 30 31 0.9745 0.9629 1 255
12 13 1.468 1.1549 1 255 31 32 0.3105 0.3619 1 255
13 14 0.5416 0.7129 1 255 32 33 0.3411 0.5302 1 255
14 15 0.5909 0.526 1 255 21 8 2 2 1 255
15 16 0.7462 0.5449 1 255 9 15 2 2 1 255
16 17 1.2889 1.721 1 255 12 22 2 2 1 255
17 18 0.732 0.5739 1 255 18 33 05 05 1 255
2 19 0.164 0.1565 1 255 25 29 05 05 1 255
19 20 1.5042 1.3555 1 255
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Phu luc 4.

Théng sb phu tai LDPP 69 nat

, P , P , P
MU vw) (MQW) R (MQW) R (MQW)
1 0 0 24| 0028 | 002 47 0 0
2 0 0 25 0 0 48 | 0079 | 0.0564
3 0 0 26 | 0014 | 001 49 | 0.3847 | 0.2745
4 0 0 27 | 0014 | 001 50 | 0.3847 | 0.2745
5 0 0 28 | 0026 | 0.0186 51 | 0.0405 | 0.0283
6 | 0.0026 | 0.0022 29 | 0026 | 0.0186 52 | 0.0036 | 0.0027
71 004 | 003 30 0 0 53 | 0.00435 | 0.0035
8 | 0075 | 0054 31 0 0 54 | 00264 | 0.019
9 | 003 | 0022 2 0 0 55 | 0024 | 0.0172
10 | 0028 | 0019 33 | 0014 | 001 56 0 0
11 | 0145 | 0.104 34 | 00195 | 0014 57 0 0
12 | 0145 | 0.104 35 | 0006 | 0004 58 0 0
13 | 0008 | 0.005 36 | 002 |0.01855 50 | 01 | 0072
14 | 0008 | 0.0055 37 | 002 |0.01855 60 0 0
15 0 0 38 0 0 61 | 1244 | 0.888
16 | 0.0455 | 0.03 39 | 002 | 0017 62 | 0032 | 0023
17 | 006 | 0035 40 | 0024 | 0017 63 0 0
18 | 006 | 0035 41 | 00012 | 0.001 64 | 0227 | 0.162
19 0 0 IY) 0 0 65 | 0.059 | 0.042
20 | 0.001 | 0.0006 43 | 0006 | 0.0043 66 | 0018 | 0013
21 | 0114 | 0081 44 0 0 67 | 0018 | 0013
22 | 0,005 | 0.0035 45 1003922 | 0.0263 68 | 0028 | 002
23 0 0 46 | 003922 | 0.0263 69 | 0028 | 002
Phu luc 5. Thong sé duong day LDPP 69 nut
Tw | Dén ro X0 | T | Dén ro X0 |
nat | nat | (Q/km) | (Q/km) | (km) nat | nat | (Q/km) | (Q/km) | (km)
1 | 2 1000050 | 000120 1 12 | 13 |1.03000 | 0.34000 | 1
2 | 3 |000050 | 0.00120 | 1 13 | 14 | 1.04400 | 0.34500 | 1
3 | 4 |000150 | 0.00360 | 1 14 | 15 | 1.0080 | 03496 | 1
4 | 5 002510 | 002040 | 1 15 | 16 |0.19660 | 0.06500 | 1
5 | 6 |036600| 018640 | 1 16 | 17 | 037440 | 0.12380 | 1
6 | 7 |038110 | 010410 | 1 17 | 18 | 00047 | 00016 | 1
7 | 8 1009220 | 004700 | 1 18 | 19 | 03276 | 01083 | 1
8 | 9 [004930 | 002510 ]| 1 19 | 20 | 02106 | 00690 | 1
9 | 10 |081900 | 027070 | 1 20 | 21 | 03416 | 01129 | 1
10 | 11 | 018720 | 0.06190 | 1 21 | 22 | 00140 | 00046 | 1
11 | 12 | 071140 | 0.23510 | 1 22 | 23 | 01591 | 00526 | 1
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Ti | Pén ro X0 I
nat | ndt | (@/km) | (Q/km) | (km)
23 24 | 0.3463 | 0.1145 1
24 25 | 0.7488 | 0.2475 1
25 26 | 0.3089 | 0.1021 1
26 27 | 0.1732 | 0.0572 1
3 28 | 0.0044 | 0.0108 1
28 29 | 0.0640 | 0.1565 1
29 30 | 0.3978 | 0.1315 1
30 31 | 0.0702 | 0.0232 1
31 32 | 0.3510 | 0.1160 1
32 33 | 0.8390 | 0.2816 1
33 34 | 1.7080 | 0.5646 1
34 35 | 14740 | 0.4873 1
3 36 | 0.0044 | 0.0108 1
36 37 | 0.0640 | 0.1565 1
37 38 | 0.1053 | 0.1230 1
38 39 | 0.0304 | 0.0355 1
39 40 | 0.0018 | 0.0021 1
40 41 | 0.7283 | 0.8509 1
41 42 | 0.3100 | 0.3623 1
42 43 | 0.0410 | 0.0478 1
43 44 | 0.0092 | 0.0116 1
44 45 | 0.1089 | 0.1373 1
45 46 | 0.0009 | 0.0012 1
4 47 | 0.0034 | 0.0084 1
47 48 | 0.0851 | 0.2083 1
48 49 | 0.2898 | 0.7091 1
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T | Dén ro Xo I
nat | nat | (@/km) | (@/km) | (km)
49 50 | 0.0822 | 0.2011 1
8 51 | 0.0928 | 0.0473 1
51 52 | 0.3319 | 0.1114 1
9 53 | 0.1740 | 0.0886 1
53 54 | 0.2030 | 0.1034 1
54 55 | 0.2842 | 0.1447 1
55 56 | 0.2813 | 0.1433 1
56 57 | 1.5900 | 0.5337 1
57 58 | 0.7837 | 0.2630 1
58 59 | 0.3042 | 0.1006 1
59 60 | 0.3861 | 0.1172 1
60 61 | 05075 | 0.2585 1
61 62 | 0.0974 | 0.0496 1
62 63 | 0.1450 | 0.0738 1
63 64 | 0.7105 | 0.3619 1
64 65 | 1.0410 | 0.5302 1
11 66 | 0.2012 | 0.0611 1
66 67 | 0.0047 | 0.0014 1
12 68 | 0.7394 | 0.2444 1
68 69 | 0.0047 | 0.0016 1
11 43 | 0.5000 | 0.5000 1
13 21 | 05000 | 0.5000 1
15 46 | 1.0000 | 0.5000 1
50 59 | 2.0000 | 1.0000 1
27 65 | 1.0000 | 0.5000 1




Phu luc 6. Thong sb phu tai LDPP 119 nut

, P , P , P
NI vw) (MQW) NI vw) (M?N) N vw) (M%V)
1 0 0 41 0.32674 0.27856 81 0.24353 0.18303
2 0.13384 0.10114 42 0.53626 0.24024 82 0.24353 0.18303
3 0.016214 | 0.011292 43 0.076247 : 0.066562 83 0.13425 0.11929
4 0.034315 | 0.021845 44 0.05352 0.03976 84 0.02271 = 0.02796
5 0.073016 | 0.063602 45 0.040328 | 0.031964 85 0.049513 © 0.026515
6 0.1442 : 0.068604 46 0.039653 : 0.020758 86 0.38378 ©  0.25716
7 0.10447 : 0.061725 47 0.066195 © 0.042361 87 0.04964 0.0206
8 0.028547 : 0.011503 48 0.073904 © 0.051653 88 0.022473 © 0.011806
9 0.08756 : 0.051073 49 0.11477 « 0.057965 89 0.06293 = 0.04296
10 0.1982 0.10677 50 0.91837 0.6051 90 0.03067 @ 0.03493
11 0.1468 : 0.075995 51 0.2103 = 0.14666 91 0.06253 = 0.06679
12 0.02604 | 0.018687 52 0.06668 : 0.056608 92 0.11457 « 0.081748
13 0.0521 0.02322 53 0.042207 © 0.040184 93 0.081292 : 0.066526
14 0.1419 0.1175 54 043374 0.28341 94 0.031733 = 0.01596
15 0.02187 0.02879 55 0.0621 0.02686 95 0.03332 0.06048
16 0.03337 0.02645 56 0.09246 0.08838 96 0.53128 0.22485
17 0.03243 0.02523 57 0.085188 | 0.055436 97 0.50703 0.36742
18 0.020234 © 0.011906 58 0.3453 0.3324 98 0.02639 0.0117
19 0.15694 © 0.078523 59 0.0225 0.01683 99 0.04599 0.30392
20 0.54629 0.3514 60 0.080551 : 0.049156 100 0.10066 0.47572
21 0.18031 0.1642 61 0.09586 = 0.090758 101 0.45648 0.3503
22 0.093167 | 0.054594 62 0.06292 0.0477 102 0.52256 0.44929
23 0.08518 0.03965 63 0.4788 0.46374 103 0.40843 0.16846
24 0.1681 « 0.095178 64 0.12094 = 0.052006 104 0.14148 0.13425
25 0.12511 0.15022 65 0.13911 0.10034 105 0.10443 = 0.066024
26 0.01603 0.02462 66 0.39178 0.1935 106 0.096793 « 0.083647
27 0.02603 0.02462 67 0.027741 = 0.026713 107 0.49392 0.41934
28 0.59456 | 0.52262 68 0.052814 = 0.025257 108 0.22538 = 0.13588
29 0.12062 : 0.059117 69 0.06689 : 0.038713 109 050921« 0.38721
30 0.10238 | 0.099554 70 0.4675 @ 0.39514 110 0.1885 @ 0.17346
31 0.5134 0.3185 71 0.59485 :  0.23974 111 0.91803 = 0.89855
32 0.47525 ¢ 0.45614 72 0.1325 : 0.084363 112 0.30508 @ 0.21537
33 0.15143 ¢ 0.13679 73 0.052699 = 0.022482 113 0.05438 = 0.04097
34 0.20538 | 0.083302 T4 0.86979 = 0.614775 114 0.21114 0.1929
35 0.1316  0.093082 75 0.031349 = 0.029817 115 0.067009 © 0.053336
36 0.4484 ¢ 0.36979 76 0.19239 = 0.12243 116 0.16207 : 0.090321
37 0.44052 0.32164 17 0.06575 0.04537 117 0.048785 0.29156
38 0.11254 . 0.055134 78 0.23815 0.22322 118 0.0339 = 0.01898
39 0.053963 | 0.038998 79 0.29455 0.16247
40 0.39305 0.3426 80 0.48557 0.43792
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Phu luc 7. Thong sé duong didy LDPP 119 nut

T Pén ro X0 |
nat nat ~ (Qkm) | (Qkm) (km)
1 2 0036 001296 1
2 3 0033 001188 1
2 4 0.045 0.0162 1
4 5 0.015 0.054 1
5 6 0.015 0.054 1
6 7 0.015 0.0125 1
7 8 0.018 0.014 1
8 9 0.021 0.063 1
2 10 0.166 0.1344 1
10 11 0.112 0.0789 1
11 12 0.187 0.313 1
12 13 0.142 0.1512 1
13 14 0.18 0.118 1
14 15 0.15 0.045 1
15 16 0.16 0.18 1
16 17 0.157 0.171 1
11 18 0.218 0.285 1
18 19 0.118 0.185 1
19 20 0.16 0.196 1
20 21 0.12 0.189 1
21 22 0.12 0.0789 1
22 23 1.41 0.723 1
23 24 0.293 0.1348 1
24 25 0.133 0.104 1
25 26 0.178 0.134 1
26 27 0.178 0.134 1
4 28 0.015 0.0296 1
28 29 0.012 0.0276 1
29 30 0.12 0.2766 1
30 31 0.21 0.243 1
31 32 0.12 0.054 1
32 33 0.178 0.234 1
33 34 0.178 0.234 1
34 35 0.154 0.162 1
30 36 0.187 0.261 1
36 37 0.133 0.099 1
29 38 0.33 0.194 1
38 39 0.31 0.194 1
39 40 0.13 0.194 1
40 41 0.28 0.15 1
41 42 1.18 0.85 1
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T Pén ro X0 [
nat nat = (Qkm) (Qkm) (km)
42 43 0.42 0.2436 1
43 44 0.27 0.0972 1
44 45 0.339 0.1221 1
45 46 0.27 0.1779 1
35 47 0.21 0.1383 1
47 48 0.12 0.0789 1
48 49 0.15 0.0987 1
49 50 0.15 0.0987 1
50 51 0.24 0.1581 1
51 52 0.12 0.0789 1
52 53 0.405 0.1458 1
53 54 0.405 0.1458 1
29 55 0.391 0.141 1
55 56 0.406 0.1461 1
56 57 0.406 0.1461 1
57 58 0.706 0.5461 1
58 59 0.338 0.1218 1
59 60 0.338 0.1218 1
60 61 0.207 0.0747 1
61 62 0.247 0.8922 1
1 63 0.028 0.0418 1
63 64 0.117 0.2016 1
64 65 0.255 0.0918 1
65 66 0.21 0.0759 1
66 67 0.383 0.138 1
67 68 0.504 0.3303 1
68 69 0.406 0.1461 1
69 70 0.962 0.761 1
70 71 0.165 0.06 1
71 72 0.303 0.1092 1
72 73 0.303 0.1092 1
73 74 0.206 0.144 1
74 75 0.233 0.084 1
75 76 0.591 0.1773 1
76 77 0.126 0.0453 1
64 78 0.559 0.3687 1
78 79 0.186 0.1227 1
79 80 0.186 0.1227 1
80 81 0.26 0.139 1
81 82 0.154 0.148 1
82 83 0.23 0.128 1




Tr = Dén ro Xo |
nat | nat | (Qkm) | (Qkm)  (km)
83 84 0.252 0.106 1
84 85 0.18 0.148 1
79 86 0.16 0.182 1
86 87 0.2 0.23 1
87 88 0.16 0.393 1
65 89 0.669 0.2412 1
89 90 0.266 0.1227 1
90 91 0.266 0.1227 1
91 92 0.266 0.1227 1
92 93 0.266 0.1227 1
93 94 0.233 0.115 1
94 95 0.496 0.138 1
91 96 0.196 0.18 1
96 97 0.196 0.18 1
97 98 0.1866 0.122 1
98 99 0.0746 0.318 1
1 100 0.0625 = 0.0265 1
100 101 0.1501 0.234 1
101 102 0.1347  0.0888 1
102 103 0.2307  0.1203 1
103 104 0.447 0.1608 1
104 105 0.1632 = 0.0588 1
105 106 0.33 0.099 1
106 107 0.156 0.0561 1
107 108 03819 013714 1
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Te = Dén ro Xo I
nit | nat | (Qkm) | (Qkm)  (km)
108 109 0.1626 = 0.0585 1
109 110 03819 013714 1
110 111 0.2445 00879 1
110 112 0.2088 = 0.0753 1
112 113 02301 00828 1
100 114 06102 = 02196 1
114 115 0.1866 0.127 1
115 116 0.3732 0.246 1
116 117 0.405 0.367 1
117 118 0.489 0.438 1
46 27 05258 @ 02925 1
17 27 05258 @ 02916 1
8 24 04272 01539 1
54 43 0.48 01728 1
62 54 0.36 01296 1
37 62 0.57 0.572 1
9 40 0.53 03348 1
58 96 03957 01425 1
73 91 0.68 0.648 1
88 75 0.4062 01464 1
99 77 04626 01674 1
108 83 0.651 0.234 1
105 86 08125 02925 1
110 118 0.7089 = 02553 1
25 35 0.5 0.5 1




Phu luc 8. Thong sb phu tai LDPP 70 nit

P TP P P
NIty o || o | o | M ey | oy || | g
10 0 19 0013 0007 | | 37 004 003 5 003 002
201 009 20 003 002 38 003 0025 || 5 0043 003
3 006 004 21 009 005 39 015 01 57 008 005
4 015 013 22005 003 40 006 0035 || 58 024 012
5 0075 005 23 006 004 4 012 007 59 0125 011
6 0015 0009 | |24 01 008 4 009 006 60 0025 001
7 0018 0014 || 25 008 0065 || 43 0018 001 61 001  0.005
8§ 0013 001 26 01 006 4 0016 001 62 015 013
9 0016 0011 | |27 01 005 ||4 01 005 63 005 003
10 002 001 28 012 007 46 006 004 64 003 002
11 0016 0009 || 29 0105 0.07 47 009 007 65 013 012
12 005 004 30 008 005 48 0085 0055 || 66 015 0.3
13 0105 0.9 31 006 004 49 01 007 67 0025 0015
140025 0015 || 32 0013 0008 | |5 014 009 68 01 006
15 004 0025 || 33 0016 0009 | |51 006 004 69 004 003
16 006 003 3% 005 003 50 002 0011

17 004 0025 || 35 004 002 | |5 004 003

18 0015 0009 || 36 006 004 54 0036 0.024

Phu luc 9. Thong sé duong day LDPP 70 nut

Te Dén ro X0 | Irate Te Dén ro X0 | Irate
nit nit  (Qkm) (Qkm) (km) (A) nit nit (Q/km) (Qkm) (km) (A)
1 2 109700 107400 1 270 17 18 14630 14320 1 270
2 3 146300 143200 1 @ 270 18 19 09140 08950 1 270
3 4 073100 071600 1 270 19 20 08040 07870 1 270
4 5 036600 035800 1 270 20 21 11330 11100 1 270
5 6 182800 179000 1 270 21 22 04750 04650 1 270
6 7 100700 107400 1 270 17 23 22140 15050 1 208
7 8 073100 071600 1 270 23 24 16200 11100 1 208
8§ 9 073100 071600 1 270 24 25 10800 07340 1 208
4 10 108000 073400 1 208 25 26 05400 03670 1 208
10 11 162000 110100 1 208 26 27 05400 03670 1 208
11 12 108000 073400 1 208 27 28 10800 07340 1 208
12 13 135000 091700 1 208 28 29 10800 07340 1 208
13 14 081000 055000 1 208 1 30 03660 03580 1 | 270
14 15 19440 13210 1 208 30 31 07310 07160 1 270
7 68 108000 073400 1 208 31 32 07310 07160 1 270
68 69 162000 110100 1 208 32 33 08040 07870 1 270
1 16 10970 10740 1 270 33 34 11700 11450 1 270
16 17 03660 03580 1 270 3 35 07680 07520 1 270
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T Dén o Xo | Irate
nit ndt  (Qkm) (Qkm) (km) (A)
35 36 07310 0.7160 1 210
36 37 10970 1.0740 1 270
37 38 14630 14320 1 270
32 39 10800 0.7340 1 208
39 40 05400 @ 0.3670 1 208
40 41 10800 0.7340 1 208
41 42 18360 1.2480 1 208
42 43 1290 0.8810 1 208
40 44 11880 0.8070 1 208
44 45 05400 0.3670 1 208
42 46 10800 0.7340 1 208
35 47 05400 @ 0.3670 1 208
47 48 10800 0.7340 1 208
48 49 10800 0.7340 1 208
49 50 10800 0.7340 1 208
1 51  0.3660  0.3580 1 210
51 52 14630 14320 1 210
52 53 14630 14320 1 210
53 54 09140 @ 0.8950 1 210
54 55 10970 @ 1.0740 1 270
55, 56 @ 10970 @ 1.0740 1 270
52 57 02700 @ 0.1830 1 208
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Tw Bén Io Xo | I rate
nit  nat  (Qkm) (Qkm) (km) (A)
57 58 = 02700 0.1830 1 208
58 59  0.8100 = 0.5500 1 208
59 60 12960 @ 0.8810 1 208
5, 61 @ 11880 0.8070 1 208
61 62 | 118380 @ 0.8070 1 208
62 63 08100 0.5500 1 208
63 64 @ 16200 11010 1 208
62 65 10800 @ 0.7340 1 208
65 66 | 05400 @ 0.3670 1 208
66 67 | 10800 @ 0.7340 1 208
9 50 0.9080 0.7260 1 234
9 38 03810 0.2440 1 234
15 46 | 0.6810 @ 0.5440 1 234
22 67 | 02540 @ 0.2030 1 234
29 64 @ 02540 @ 0.2030 1 234
45 60 @ 02540 0.2030 1 234
43 38 04540 0.3630 1 234
39 59 04540 0.3630 1 234
21 27 04540 @ 0.3630 1 234
15 9 06810 0.5440 1 234
67 15 | 04540 @ 0.3630 1 234




Phu luc 10. Thong s6 phu tai LDPP 18 nut

, P , P , P , P
NGt | v || ooy ||| o o | g | o
1 0 0 6 0.5 0.2 11 04| 015 16 0.6 0.2
2 0 0 7 041 015 12 04| 015 17 0.6 0.2
3 05 0.2 8| 045| 0.15 13 05 0.2 18 0.6 0.2
4 05 0.2 9 0.5 0.2 14 04| 015
5 05 0.2 10 041 015 15 0.6 0.2
Phu luc 11. Thong s6 duong day LDPP 18 nut

Te | Dén ro Xo | Tu | Dén ro Xo [

nat | nat | (Q/km) | (Q/km) | (km) nat | nut | (Q/km) | (Q/km) | (km)

1 2 0 0.55 1 8 12 0.3 0.12 1

2 3 0.3 0.12 1 12 13 0.3 0.12 1

3 4 0.25 0.1 1 13 14 0.2 0.08 1

4 5 0.25 0.1 1 2 15 0.4 0.16 1

5 6 0.25 0.1 1 15 16 0.3 0.12 1

6 7 0.25 0.1 1 16 17 0.3 0.12 1

2 8 0.3 0.12 1 14 | 18 0.2 0.08 1

8 9 0.25 0.1 1 7 11 0.25 0.1 1

9 10 0.3 0.12 1 17 18 0.3 0.12 1

10 11 0.5 0.2 1
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Phu luc 12. Thong s6 phu tai LDPP Chu Prong

, P , P , P , P
NOET w) (MQW) NOET aw) (MQW) NI naw) (MQW) NI haw) (MQW)
1 1 0.0000 | 0.0000 42 | 0.0995 | 0.0229 83 | 0.0139 | 0.0036 124 1 0.0161 | 0.0036
2 | 0.0359 | 0.0094 43 1 0.0271 | -0.294 84 1 0.1145 | 0.0297 125 1 0.0070 | 0.0016
3 1 0.0159 | 0.0040 44 | 0.0000 | 0.0000 85 | 0.1145 | 0.0297 126 | 0.0322 | 0.0063
4 1 0.0000 | 0.0000 45 | 0.0322 | 0.0071 86 | 0.0095 | 0.0031 127 | 0.0571 | 0.0137
5 10.0206 | 0.0053 46 | 0.0424 | 0.0088 87 |10.1275 | 0.0330 128 | 0.0504 | 0.0115
6 | 0.0239 | 0.0062 47 | 0.0644 | 0.0144 88 | 0.0629 | 0.0164 129 | 0.0576 | 0.0129
7 10.0319 | 0.0083 48 | 0.0000 | 0.0000 89 | 0.0359 | 0.0094 130 | 0.0898 | 0.0203
8 10.0139 | 0.0036 49 | 0.3580 | 0.1180 90 | 0.0179 | 0.0047 131 | 0.0000 | 0.0000
9 1 0.0359 | 0.0093 50 | 0.0579 | 0.0132 91 | 0.0319 | 0.0080 132 | 0.1575 | 0.0359
10 | 0.0359 | 0.0094 51 | 0.0000 | 0.0000 92 | 0.0000 | 0.0000 133 | 0.0000 | 0.0000
11 | 0.0359 | 0.0094 52 | 0.0579 | 0.0132 93 | 0.0239 | 0.0060 134 | 0.0322 | 0.0071
12 | 0.0994 | 0.0260 53 | 0.0070 | 0.0016 94 | 0.0359 | 0.0094 135 | 0.0576 | 0.0129
13 | 0.0179 | 0.0047 54 1 0.0070 | 0.0016 95 | 0.0159 | 0.0043 136 | 0.0000 | 0.0000
14 | 0.0000 | 0.0000 55 | 0.0040 | 0.0009 96 | 0.0642 | 0.0167 137 1 0.0190 | 0.0010
15 | 0.0000 | 0.0000 56 | 0.0241 | 0.0055 97 | 0.0528 | 0.0130 138 | 0.0000 | 0.0000
16 | 0.0638 | 0.0164 57 1 0.0449 | 0.0100 98 | 0.0176 | 0.0043 139 | 0.0348 | 0.0019
17 | 0.0000 | 0.0000 58 | 0.0372 | 0.0090 99 | 0.1836 | 0.0479 140 | 0.0285 | 0.0094
18 | 0.0000 | 0.0000 59 | 0.1127 | 0.0256 100 | 0.0176 | 0.0047 141 | 0.0092 | 0.0005
19 | 0.0000 | 0.0000 60 | 0.0449 | 0.0100 101 | 0.0176 | 0.0047 142 | 0.0000 | 0.0000
20 | 0.0000 | 0.0000 61 | 0.0000 | 0.0000 102 | 0.0060 | 0.0015 143 | 0.0679 | 0.0037
21 | 0.0000 | 0.0000 62 | 0.0067 | 0.0043 103 | 0.0161 | 0.0035 144 | 0.0000 | 0.0000
22 10.0896 | 0.0234 63 | 0.0117 | 0.0027 104 | 0.0322 | 0.0071 145 1 0.0869 | 0.0048
23 10.0279 | 0.0073 64 | 0.0000 | 0.0000 105 | 0.0322 | 0.0071 146 | 0.0000 | 0.0000
24 1 0.0042 | 0.0011 65 | 0.0202 | 0.0053 106 | 0.0100 | 0.0023 147 1 0.0189 | 0.0011
25 | 0.0000 | 0.0000 66 | 0.0202 | 0.0053 107 | 0.0720 | 0.0165 148 1 0.0391 | 0.0022
26 | 0.0000 | 0.0000 67 | 0.0202 | 0.0053 108 | 0.0579 | 0.0132 149 1 0.0354 | 0.0293
27 |1 0.0359 | 0.0094 68 | 0.0202 | 0.0053 109 | 0.0889 | 0.0206 150 | 0.0000 | 0.0000
28 | 0.0570 | 0.0147 69 | 0.0202 | 0.0053 110 | 0.1127 | 0.0256 151 | 0.0217 | 0.0012
29 | 0.0000 | 0.0000 70 | 0.0202 | 0.0053 111 | 0.0510 | 0.0160 152 1 0.0435 | 0.0024
30 | 0.0319 | 0.0080 71 1 0.0092 | 0.0038 112 1 0.0492 | 0.0244 153 | 0.0000 | 0.0000
31 | 0.0048 | 0.0012 72 1 0.0092 | 0.0038 113 | 0.0000 | 0.0000 154 | 0.0000 | 0.0000
32 | 0.0383 | 0.0100 73 1 0.0092 | 0.0038 114 1 0.0322 | 0.0071 155 1 0.0342 | 0.0019
33 | 0.0000 | 0.0000 74 1 0.0092 | 0.0038 115 1 0.0508 | 0.0115 156 | 0.0304 | 0.0017
34 | 0.0644 | 0.0144 75 1 0.0092 | 0.0038 116 | 0.0000 | 0.0000 157 | 0.0678 | 0.0037
35 | 0.0767 | 0.0175 76 | 0.1140 | 0.0370 117 | 0.1271 | 0.0285 158 | 0.0391 | 0.0022
36 | 0.0000 | 0.0000 77 | 0.1140 | 0.0370 118 | 0.0380 | 0.0142 159 | 0.0391 | 0.0022
37 | 0.0576 | 0.0129 78 | 0.0060 | 0.0015 119 | 0.1271 | 0.0291 160 | 0.2178 | 0.0231
38 | 0.0576 | 0.0129 79 | 0.0383 | 0.0100 120 | 0.0000 | 0.0000 161 | 0.0782 | 0.0043
39 |0.1004 | 0.0229 80 | 0.0000 | 0.0000 121 | 0.0161 | 0.0036 162 | 0.0348 | 0.0019
40 | 0.0048 | 0.0011 81 | 0.0638 | 0.0164 122 1 0.0271 | 0.0062 163 | 0.0678 | 0.0037
41 | 0.0000 | 0.0000 82 | 0.0154 | 0.0041 123 | 0.0000 | 0.0000 164 | 0.0450 | 0.0100
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, P , P , P , P
N6t | g | ooy | | 9| oy | o | || oy | ooy | | M| | g
165 | 0.0000 | 0.0000 189 | 0.0406 | 0.0399 213 | 0.0000 | 0.0000 237 | 0.0453 | 0.0018
166 | 0.0543 | 0.0030 190 | 0.0127 | 0.0125 214 | 0.0113 | 0.0004 238 | 0.0000 | 0.0000
167 | 0.0196 | 0.0011 191 | 0.0254 | 0.0250 215 | 0.0056 | 0.0002 239 | 0.0071 | 0.0003
168 | 0.0190 | 0.0010 192 | 0.0000 | -0.600 216 | 0.0000 | 0.0000 240 | 0.0079 | 0.0003
169 | 0.0348 | 0.0019 193 | 0.0000 | 0.0000 217 |1 0.0204 | 0.0006 241 | 0.0634 | 0.0025
170 | 0.0142 | 0.0008 194 | 0.0197 | 0.0194 218 | 0.0000 | 0.0000 242 |1 0.0579 | 0.0022
171 | 0.0000 | 0.0000 195 | 0.0070 | 0.0069 219 | 0.0167 | 0.0006 243 | 0.0000 | 0.0000
172 | 0.0000 | 0.0000 196 | 0.0000 | -0.300 220 | 0.0112 | 0.0004 244 | 0.0000 | 0.0000
173 | 0.0435 | 0.0024 197 | 0.0000 | 0.0000 221 | 0.0112 | 0.0004 245 | 0.0076 | 0.0003
174 1 0.0530 | 0.0261 198 | 0.0000 | 0.0000 222 | 0.0000 | 0.0000 246 | 0.0724 | 0.0028
175 | 0.1160 | 0.1594 199 | 0.0703 | 0.0694 223 | 0.0000 | 0.0000 247 | 0.0040 | 0.0002
176 | 0.1586 | 0.2179 200 | 0.0361 | 0.0355 224 | 0.0000 | 0.0000 248 | 0.0045 | 0.0002
177 1 0.0695 | 0.0038 201 | 0.0254 | 0.0249 225 | 0.0000 | 0.0000 249 | 0.0362 | 0.0014
178 | 0.0543 | 0.0030 202 | 0.0000 | 0.0000 226 | 0.0567 | 0.0022 250 | 0.0362 | 0.0014
179 | 0.0348 | 0.0019 203 | 0.0000 | 0.0000 227 | 0.0326 | 0.0013 251 | 0.0453 | 0.0018
180 | 0.0869 | 0.0048 204 | 0.0000 | 0.0000 228 | 0.0181 | 0.0007 252 | 0.0068 | 0.0003
181 | 0.0695 | 0.0038 205 | 0.0225 | 0.0222 229 | 0.0634 | 0.0025 253 | 0.0204 | 0.0008
182 | 0.0000 | 0.0000 206 | 0.0810 | 0.0800 230 | 0.0000 | 0.0000 254 | 0.0225 | 0.0222
183 | 0.0000 | 0.0000 207 | 0.0000 | 0.0000 231 | 0.0000 | 0.0000 255 | 0.0000 | 0.0000
184 | 0.0254 | 0.0250 208 | 0.0000 | 0.0000 232 | 0.0181 | 0.0007 256 | 0.1578 | 0.1555
185 | 0.0634 | 0.0623 209 | 0.0000 | 0.0000 233 | 0.0204 | 0.0008 257 | 0.1578 | 0.1555
186 | 0.0254 | 0.0250 210 | 0.0000 | 0.0000 234 1 0.0000 | 0.0000

187 | 0.0406 | 0.0399 211 | 0.0000 | 0.0000 235 | 0.0524 | 0.0020

188 | 0.0406 | 0.0399 212 | 0.0204 | 0.0006 236 | 0.0000 | 0.0000

Phu luc 13. Thong sé dudng day LDPP Chu Prong

T | Dén ro X0 | Irate Tw | Dén ro X0 | Irate
nat | nat | (@/km) | (@km) | (km) | (A) | | nat | nat | (Qkm) | (@km) | (km) | (A)
1 2 0.2039 0.3351 0.7 450 14 15 0.4218 0.3606 | 0.001 | 450
2 3 0.1540 0.3287 | 0.375 | 450 15 16 0.4218 0.3606 | 0.24 | 265
3 4 0.1540 0.3287 | 1.222 | 450 16 17 0.4218 0.3606 | 0.08 265
4 5 0.1540 0.3287 | 0.852 | 450 17 18 0.4218 0.3606 0.4 265
5 6 0.1540 0.3287 | 0.581 | 450 17 76 0.4218 0.3606 | 1.28 | 265
6 7 0.1540 0.3287 | 0.34 | 450 76 77 0.4218 0.3606 | 3.76 | 265
7 8 0.4218 0.3606 | 096 | 450 18 78 0.5951 0.3714 | 0.964 | 210
8 9 0.1540 0.3287 0.4 450 18 19 0.4218 0.3606 | 0.08 265
9 10 0.1540 0.3287 05 450 19 79 0.5951 0.3714 | 0.49 210
10 11 0.1540 0.3287 | 0.875 | 450 19 20 0.4218 0.3606 | 0.56 265
11 12 0.1540 0.3287 | 056 | 450 20 80 0.4218 0.3606 | 0.001 | 265
12 13 0.4218 0.3606 | 1.28 | 450 20 21 0.4218 0.3606 | 0.001 | 265
13 14 0.4218 0.3606 | 1.26 | 450 21 22 0.4218 0.3606 | 0.08 | 265
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T Dén ro Xo I I rate T Dén ] Xo | Irate
ndt | ndt | (@km) | (@km) | (km) | (A) | | nGt | ndt | (@km) | (Qkm) | (km) | (A)
22 | 23 0.4218 | 0.3606 | 1.04 | 265 104 | 105 | 05951 | 0.3714 | 0.085 | 210
23 | 24 | 04218 | 0.3606 | 04 | 265 105 | 106 | 05951 | 0.3714 | 0.08 | 265
24 | 25 | 04218 | 0.3606 | 0.32 | 265 106 | 107 | 05951 | 0.3714 | 1.128 | 265
25 | 27 | 04218 | 0.3606 | 0.16 | 265 106 | 108 | 0.4218 | 0.3606 | 0.93 | 210
25 | 81 | 04218 | 0.3606 | 0.587 | 265 41 | 42 | 04218 | 0.3606 | 1.04 | 265
25 | 26 | 04218 | 0.3606 | 0.32 | 265 42 | 43 | 04218 | 0.3606 | 0.48 | 265
26 | 82 05951 | 03714 | 0.7 | 210 43 | 44 04218 | 0.3606 | 0.48 | 265
82 | 83 05951 | 03714 | 152 | 210 44 | 109 | 04218 | 0.3606 | 1.3 265
83 | 84 | 0591 | 03714 | 08 | 210 109 | 110 | 0.4218 | 0.3606 | 1.674 | 265
84 | 85 05951 | 03714 | 23 | 210 44 | 45 04218 | 0.3606 | 056 | 265
26 | 28 04218 | 03606 | 1.2 | 265 45 | 46 04218 | 0.3606 | 0.32 | 265
28 | 29 04218 | 0.3606 | 0.16 | 265 46 | 47 04218 | 0.3606 | 0.24 | 265
29 | 86 05951 | 0.3714 | 0.656 | 210 47 | 48 04218 | 0.3606 | 0.32 | 265
86 | 87 05951 | 03714 | 084 | 210 48 | 111 | 04218 | 0.3606 | 1.3 265
29 | 30 04218 | 03606 | 0.8 | 265 111 | 112 | 04218 | 0.3606 | 0.24 | 265
30 | 31 04218 | 0.3606 | 1.84 | 265 112 | 113 | 04218 | 0.3606 | 0.64 | 265
31 | 32 04218 | 0.3606 | 1.04 | 265 113 | 114 | 04218 | 0.3606 | 0.56 | 265
32 | 33 04218 | 0.3606 | 1.04 | 265 114 | 115 | 04218 | 0.3606 | 0.24 | 265
33 | 88 05951 | 03714 | 166 | 210 115 | 116 | 04218 | 0.3606 | 0.4 | 265
88 | 89 | 05951 | 03714 | 0.22 | 210 116 | 120 | 04218 | 0.3606 | 0.322 | 265
89 | 90 05951 | 03714 | 09 | 210 120 | 121 | 05951 | 0.3714 | 06 210
0 | 9 05951 | 03714 | 09 | 210 121 | 122 | 05951 | 0.3714 | 0.105 | 265
91 | 92 05951 | 0.3714 1 210 116 | 117 | 04218 | 0.3606 | 1.44 | 265
92 | 93 05951 | 0.3714 | 0.244 | 210 117 | 118 | 04218 | 0.3606 | 0.252 | 265
93 | 94 | 0591 | 03714 | 1.06 | 210 118 | 119 | 04218 | 0.3606 | 0.421 | 265
94 | 95 | 05951 | 0.3714 | 0.65 | 210 113 | 123 | 04218 | 0.3606 | 0.56 | 265
9% | 9 05951 | 03714 | 0.16 | 210 123 | 124 | 04218 | 0.3606 | 0.275 | 265
9% | 97 | 05951 | 0.3714 | 0.89 | 210 124 | 125 | 04218 | 0.3606 | 0.3 | 265
97 | 98 | 05951 | 0.3714 | 0.244 | 210 123 | 126 | 04218 | 0.3606 | 0.905 | 265
98 | 99 | 05951 | 03714 | 163 | 210 48 | 49 | 04218 | 0.3606 | 0.4 | 265
92 | 100 | 05951 | 0.3714 | 059 | 210 49 | 50 | 04218 | 0.3606 | 0.4 | 265
100 | 101 | 05951 | 0.3714 | 0.161 | 265 50 | 51 04218 | 0.3606 | 0.32 | 265
101 | 102 | 05951 | 03714 | 129 | 210 51 | 127 | 0.4218 | 0.3606 1 265
34 | 3 0.4218 | 0.3606 | 0.64 | 265 51 | 52 04218 | 0.3606 | 0.08 | 265
35 | 36 0.4218 | 0.3606 | 0.16 | 265 52 | 53 04218 | 0.3606 | 0.72 | 265
36 | 37 0.4218 | 0.3606 | 0.08 | 265 53 | 54 04218 | 0.3606 | 0.08 | 265
37 | 38 0.4218 | 0.3606 | 0.08 | 265 54 | 55 04218 | 03606 | 04 | 265
38 | 39 0.4218 | 0.3606 | 0.16 | 265 55 | 128 | 04218 | 0.3606 | 0.32 | 265
39 | 40 04218 | 0.3606 | 0.24 | 265 128 | 129 | 04218 | 0.3606 | 0.88 | 265
40 | 41 0.4218 | 0.3606 | 0.72 | 265 55 | 130 | 05951 | 0.3714 | 0.13 | 210
41 | 103 | 05951 | 03714 | 128 | 210 55 | 56 | 04218 | 0.3606 | 0.72 | 265
103 | 104 | 05951 | 0.3714 | 0.085 | 210 56 | 57 | 04218 | 0.3606 | 0.08 | 265
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T Dén ro Xo I I rate T Dén ] Xo | Irate
ndt | ndt | (@km) | (@km) | (km) | (A) | | nGt | ndt | (@km) | (Qkm) | (km) | (A)
57 | 58 | 0.4218 | 0.3606 | 0.08 | 265 142 | 156 | 04218 | 0.3606 | 0.259 | 265
58 | 59 | 04218 | 0.3606 | 0.64 | 265 156 | 157 | 04218 | 0.3606 | 0.6 | 265
59 | 60 | 04218 | 0.3606 | 0.08 | 265 142 | 158 | 04218 | 0.3606 | 0.447 | 265
60 | 61 | 04218 | 0.3606 | 0.08 | 265 158 | 159 | 04218 | 0.3606 | 0.8 | 265
61 | 131 | 04218 | 0.3606 | 0.75 | 265 144 | 160 | 04218 | 0.3606 | 0.24 | 265
131 | 132 | 04218 | 0.3606 | 0.86 | 210 144 | 161 | 04218 | 0.3606 | 1.896 | 265
61 | 62 | 04218 | 0.3606 | 0.08 | 265 161 | 162 | 04218 | 0.3606 | 0.94 | 265
62 | 63 0.4218 | 0.3606 | 0.08 | 265 162 | 163 | 04218 | 0.3606 | 0.569 | 265
63 | 64 | 04218 | 0.3606 | 0.24 | 265 146 | 164 | 04218 | 0.3606 | 0.16 | 265
64 | 133 | 04218 | 0.3606 | 0.001 | 265 164 | 165 | 04218 | 0.3606 | 0.08 | 265
133 | 134 | 04218 | 0.3606 | 0.65 | 265 165 | 166 | 04218 | 0.3606 | 0.56 | 265
134 | 135 | 04218 | 0.3606 | 2.04 | 265 166 | 167 | 0.4218 | 0.3606 | 0.48 | 265

4 65 0.4218 | 0.3606 | 0.88 | 265 167 | 168 | 04218 | 0.3606 | 0.64 | 265
65 | 66 04218 | 0.3606 | 1.84 | 265 168 | 169 | 04218 | 0.3606 | 0.64 | 265
66 | 67 0.4218 | 0.3606 | 0.88 | 265 169 | 170 | 04218 | 0.3606 | 0.48 | 265
67 | 68 04218 | 0.3606 | 056 | 265 170 | 171 | 04218 | 0.3606 | 0.48 | 265
68 | 69 04218 | 03606 | 12 | 265 171 | 172 | 04218 | 0.3606 | 1.15 | 265
69 | 70 04218 | 0.3606 | 3.68 | 265 172 | 173 | 04218 | 0.3606 | 0.42 | 265
70 |71 04218 | 0.3606 | 2.36 | 265 173 | 174 | 04218 | 0.3606 | 3.834 | 265
| 72 0.4218 | 0.3606 | 7.56 | 265 168 | 175 | 04218 | 0.3606 | 0.46 | 265
72 | 73 | 04218 | 0.3606 | 3.38 | 265 175 | 176 | 04218 | 0.3606 | 1.13 | 265
73 | 74 | 04218 | 0.3606 | 2.36 | 265 171 | 177 | 05951 | 0.3714 1 210
74 | 75 04218 | 0.3606 | 3.15 | 265 172 | 178 | 04218 | 0.3606 | 0.47 | 265
136 | 137 | 04218 | 0.3606 | 0.32 | 265 172 | 179 | 04218 | 0.3606 | 0.71 | 265
137 | 138 | 04218 | 0.3606 | 0.48 | 265 150 | 180 | 0.4218 | 0.3606 | 1.19 | 265
138 | 139 | 04218 | 0.3606 | 0.72 | 265 153 | 181 | 0.4218 | 0.3606 | 0.955 | 265
139 | 140 | 04218 | 0.3606 | 0.88 | 265 182 | 183 | 0.1540 | 0.3287 | 0.001 | 520
140 | 141 | 04218 | 0.3606 | 0.32 | 265 183 | 184 | 0.1540 | 0.3287 | 0.62 | 520
141 | 142 | 04218 | 0.3606 | 04 | 265 184 | 185 | 0.1540 | 0.3287 | 0.725 | 520
142 | 143 | 04218 | 0.3606 | 096 | 265 185 | 186 | 0.1540 | 0.3287 | 2.17 | 520
143 | 144 | 04218 | 0.3606 | 0.24 | 265 186 | 187 | 0.1540 | 0.3287 | 0.93 | 520
144 | 145 | 04218 | 03606 | 16 | 265 187 | 188 | 0.1540 | 0.3287 | 0.41 | 520
145 | 146 | 04218 | 0.3606 | 096 | 265 188 | 189 | 0.1540 | 0.3287 | 0.72 | 520
146 | 147 | 04218 | 0.3606 | 0.8 | 265 189 | 190 | 0.1540 | 0.3287 | 0.103 | 520
147 | 148 | 04218 | 0.3606 | 0.8 | 265 190 | 191 | 0.1540 | 0.3287 | 0.41 | 520
148 | 149 | 04218 | 0.3606 | 1.12 | 265 191 | 192 | 0.1540 | 0.3287 | 0.41 | 520
149 | 150 | 04218 | 0.3606 | 0.24 | 265 192 | 193 | 0.1540 | 0.3287 | 1.14 | 520
150 | 151 | 04218 | 0.3606 | 0.48 | 265 193 | 194 | 0.1540 | 0.3287 | 0.41 | 520
151 | 152 | 04218 | 0.3606 | 0.16 | 265 194 | 195 | 0.1540 | 0.3287 | 0.72 | 520
152 | 153 | 04218 | 0.3606 | 0.08 | 265 195 | 196 | 0.1540 | 0.3287 | 1.66 | 520
153 | 154 | 04218 | 0.3606 | 1.92 | 265 196 | 197 | 0.1540 | 0.3287 | 2.07 | 520
138 | 155 | 04218 | 0.3606 | 1.8 | 265 197 | 198 | 0.1540 | 0.3287 | 0.001 | 520

167




T Dén ro Xo I I rate T Dén ] Xo | Irate
ndt | ndt | (@km) | (@km) | (km) | (A) | | nGt | ndt | (@km) | (Qkm) | (km) | (A)
198 | 199 | 0.1540 | 0.3287 | 0.93 | 520 227 | 228 | 04218 | 0.3606 | 0.64 | 265
199 | 200 | 0.1540 | 0.3287 | 03 | 520 228 | 229 | 04218 | 0.3606 | 1512 | 265
200 | 201 | 0.1540 | 0.3287 | 0.725 | 520 211 | 230 | 0.4218 | 0.3606 | 0.08 | 265
201 | 202 | 0.1540 | 0.3287 | 145 | 520 230 | 231 | 04218 | 0.3606 | 0.001 | 265
202 | 203 | 0.1540 | 0.3287 | 0.93 | 520 231 | 232 | 04218 | 0.3606 | 0.24 | 265
203 | 204 | 0.1540 | 0.3287 | 0.001 | 520 232 | 233 | 04218 | 0.3606 | 0.24 | 265
193 | 205 | 05951 | 0.3714 | 0.971 | 210 233 | 234 | 04218 | 0.3606 | 0.16 | 265
205 | 206 | 05951 | 0.3714 | 0.529 | 210 234 | 235 | 04218 | 0.3606 | 1.2 265
197 | 254 | 05951 | 03714 | 05 | 210 235 | 236 | 04218 | 0.3606 | 0.08 | 265
254 | 255 | 05951 | 0.3714 | 0.001 | 210 236 | 237 | 04218 | 0.3606 | 0.72 | 265
202 | 256 | 04218 | 0.3606 | 0.32 | 265 237 | 238 | 04218 | 0.3606 | 0.001 | 265
256 | 257 | 04218 | 0.3606 | 0.08 | 265 234 1 239 | 04218 | 03606 | 1.34 | 265
196 | 207 | 04218 | 0.3606 | 0.001 | 265 236 | 240 | 04218 | 0.3606 | 1.006 | 265
207 | 208 | 0.4218 | 0.3606 | 0.001 | 265 240 | 241 | 04218 | 0.3606 | 0.7 265
208 | 209 | 04218 | 0.3606 | 0.001 | 265 213 | 242 | 04218 | 0.3606 | 1.2 265
209 | 210 | 0.4218 | 0.3606 | 0.001 | 265 215 | 243 | 04218 | 0.3606 | 1.05 | 265
210 | 211 | 04218 | 0.3606 | 0.24 | 265 243 | 244 | 04218 | 0.3606 | 0.001 | 265
211 | 212 | 04218 | 0.3606 | 0.72 | 265 243 | 245 | 04218 | 0.3606 | 0.24 | 265
212 | 213 | 04218 | 03606 | 04 | 265 244 | 246 | 04218 | 03606 | 1.04 | 265
213 | 214 | 04218 | 0.3606 | 056 | 265 218 | 247 | 04218 | 0.3606 | 0.001 | 210
214 | 215 | 04218 | 0.3606 | 0.8 | 265 223 | 248 | 04218 | 0.3606 | 1.049 | 210
215 | 216 | 0.4218 | 0.3606 | 0.001 | 265 223 | 249 | 05951 | 0.3714 | 2.09 | 210
216 | 217 | 0.4218 | 0.3606 | 2.088 | 265 249 | 250 | 05951 | 0.3714 | 06 210
217 | 218 | 0.4218 | 0.3606 | 0.181 | 265 250 | 251 | 05951 | 03714 | 04 | 210
218 | 219 | 04218 | 0.3606 | 0.544 | 265 251 | 252 | 05951 | 03714 | 0.1 210
219 | 220 | 04218 | 0.3606 | 0.81 | 265 252 | 253 | 05951 | 0.3714 | 0.05 | 265
220 | 221 | 04218 | 0.3606 | 1.084 | 265 1 | 182 | 0.1540 | 0.3287 | 0.001 | 520
221 | 222 | 04218 | 0.3606 | 0.001 | 265 1 | 136 | 04218 | 0.3606 | 0.001 | 520
222 | 223 | 04218 | 0.3606 | 0.16 | 265 1 64 0.4218 | 0.3606 | 0.002 | 520
223 | 224 | 04218 | 0.3606 | 0.001 | 520 33 | 34 | 04218 | 0.3606 | 0.72 | 265
224 | 225 | 04218 | 0.3606 | 0.001 | 520 154 | 238 | 04218 | 0.3606 | 0.001 | 265
211 | 226 | 04218 | 0.3606 | 0.16 | 265 188 | 164 | 0.4218 | 0.3606 | 0.001 | 520
226 | 227 | 04218 | 0.3606 | 0.64 | 265
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CONG HOA XA HQI CHU NGHIA VIET NAM
Poc lap - Tw do - Hanh phic

GIAY XAC NHAN

Dién lyc Chu Prong xac nhan dé tai: Ti cAu hinh lwéi dién phan phdi c6
xét dén may phat dién phan tan.
Téc gia: Nguyén Thanh Thudn va PGS.TS. Truong Viét Anh
Da tinh toén dua trén thong s cta ludi dién phan phdi huyén Chu Prong,
tinh Gia Lai. Két qua cua dé tai da dugc ding tham khao cho qué trinh nghién
clru, van hanh luéi dién phan phéi Chu Prong & mot sé noi dung nhu sau:
1) Téi ciu hinh ludi dién phan phdi huyén Chu Prong giam ton that cong
suat.
2) Tai cau hinh lugi dién phan phéi huyén Chu Prong giam ton that cong
sut c6 xét dén may phat dién phan tan.
Phan mém tinh toan ton thit cong suat, xac dinh c4u trac van hanh giam ton
that cong suat, xac dinh cAu tric van hanh giam tdn that cong suat c6 xét dén
mdy phét phan tan trén ludi dién phan phdi huyén Chu Prong la cong cu tham

khao hiru ich cho nhén vién cong ty.
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