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LOI CAM DOAN

To1 xin cam doan day la cong trinh nghién ctru cta riéng to1. Cac so liéu, két
qua néu trong Luan van 1a trung thyc va chua ting dugc ai cong bo trong bat ky

cong trinh nao khac.

To1 xin cam doan rang moi su giap do cho viéc thuc hi¢n Luan van nay da

duoc cam on va cac thong tin trich dan trong Luan vin da dugc chi rd nguon goc.
Hoc vién thuc hién Luén van

(Ky va ghi ro ho tén)

Ho6 Dw Ludt



Loi cam on
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su huong dan, giup do tan tinh tur T) hc”iy Co, gia dinh, don vi chu quan va ban be.
Véi long kinh trong va biét on sdu sdc téi xin dwoe bay t6 1o cam on chdn thanh
t0i:

T6i xin chdn thanh cam on Tién ST Tricong Viét Anh, nguwoi thday da truc tiép
huéng dan, truyén dat nhitng kién thirc chuyén mén ciing nhiw kinh nghiém nghién

cuu de toi hoan thanh luan van.

Téi ciing xin cam on quy Thay C6 giang day chwong trinh cao hoc " Thiét
bi mang va nha may dién” cua trwong Pai Hoc Ky Thudt Cong nghé Tp.HCM da
gidng day, trang bi cho téi nhitng kién thirc rat hivu ich va quy bdu trong sudt qud
trinh hoc tdp ciing nhw nghién ciru dé lam dé tai nay.

Toi xin bay to long biét on chan thanh dén Ban Gidam Hiéu va ddc biét la
Hiéu truong Nha Gido Uu Tu Tién St Lé Van Hién Truong Cao Pang Nghé
LILAMA 2 da tao diéu kién thudn loi va hé tro cho t6i rdt nhiéu trong qua trinh
hoc tap, cong tac tai don Vi.

Xin cam cac déng nghiép cua toi tai Khoa Pién - Diéu Khién di hé tro t6i
rdt nhiéu trong thoi gian qua.

Cudi ciing t6i xin givi 1061 cdm on chdn thanh nhdt dén dai gia dinh ciia t6i
dac biét la ba xa Lé Thi Thanh Thuy va con trai Ho6 Tudn Minh luén quan tam,
dong vién va tao diéu kién t6t nhat cho téi.

Xin chan thanh cam on !

Tp. H6 Chi Minh, Ngay 12 thing 12 ndm 2012
Hoc vién

Ho6 Dw Ludt
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TOM TAT

Hé thdng dién phan phdi thuong duoc quy hoach va quan 1y theo mot hudng
cong sudt tir ngudn dén phu tai. Hién nay, voi su phat trién cla cac ngudn ning
luong méi cic may phat phan tan (DG) dugc két ndi nhiéu hon vao hé théng dién
phan phbi. Viéc két ndi DG vao ludi dién phan phdi s& gitip nang cao do tin cdy va
kha ning cung cip dién. Tuy nhién, né ciing doi héi mot ciu tric ludi hop 1y dé
nang cao hiéu qua cung cap dién.

Luan vin xdy dung giai thut tai cAu tric ludi phan phdi c6 may phat phan
tan DG giam ton that dién nang. Ludi dién phan phdi c6 cau tric mach vong nhung
van hanh ho hinh tia. Vi sy tham gia cia may phat phan tan vao hé théng dién
phan phdi c6 cac mach vong nho, khi c6 dong cong suit di theo hai chibu, co thé
d6 nguoc vé ngudn. Vi vay, khi két ndi may phat phan tan vao ludi dién phan phoi
c6 thé gay ra mot sd van dé 1am anh huong dén van hanh cua luéi dién phan phdi.

Tai cdu trac LDPP c6 DG. Mot trong sO nhitng phuong phap doé 1a tai ciu
trac ludi. Puge xac dinh tir nhiing cdu trac mach vong cta cac tuyén phan phdi
bang cach thay doi trang thai dong mé cuia cac khoa dién phan doan.

Tuy nhién, voi sy ¢ mdt cia nhitng mdy phat phan tdn trong mang phan
phéi, viéc xac dinh cdu tric ludi s& tré nén phirc tap hon. Van dé nay 1a birc thiét
can dat ra dé giai quyét t6i uu ludi dién phan phoi.

Lu4n vin d3 xay dung giai thut tai ciu tric ludi phan phdi cé sy tham gia
cua may phat phan tan hoat dong trong mot thoi gian dai véi myc ti€u giam ton
that dién nang. Giai thuat dé xuat da duoc kiém chung bang PSS/ADEPT la phu
hop va tdt hon mot sb nghién ctru trude va sau do dé xuit ap dung trén ludi dién

phan phdi thyc té tai Viét Nam.



ABSTRACT

Distribution networks are planned and managed for unidirectional power
flows. Nowadays, the marked increase in Distributed Generation (DG) will require
a correct integration of the generators in distribution networks to guarantee and
reliability of the electric system, with respect to the operation constraints.

This thesis discusses the network reconfiguration at the power distribution
systems with dispersed generations (DG) for loss reduction. The power distribution
systems have a radial network and unidirectional power flows. With the advent of
dispersed generations, the power distribution systems have a locally looped
network and bidirectional power flows. Therefore, DG into the power distribution
system can cause operational problems and impact on existing operational
schemes.

In reconfiguration problem distribution networks with DG, One of these
operational schemes is network reconfiguration, which is defined as altering the
topological structures of distribution feeders by changing the open/closed states of
the switches.

However, with the introduction of DG in power distribution systems, this increases
the complexity of this problem. This necessary problem is established to optimal
operational distribution networks.

In thesis, an operational scheme is presented which uses network reconfiguration at
the power distribution systems with DG as long-time operation tool for power loss
reduction. The solution procedure is verified on PSS/ADEPT, and applied on Viet

Nam distribution networks.
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CHUONG 0
GIOI THIEU PE TAI

1. PAT VAN PE

Hién nay véi su phat trién manh mé cua khoa hoc ky thuat, viéc phat dién va
cung cip dién 1a van dé duoc quan tim dic biét. Ngoai cac ngudn phat dién truyén
théng con ¢ cac ngudn phat dién mai tham gia vao hé thong dién véi muc dich cai
thién tinh trang thiéu dién nhu hién nay va trong tuwong lai, cdc ngudn ning luong tir
héa thach duoc du doan s& dan can kiét, mit khac khi khai thac con lam anh hudng
dén méi truong va ton kém kinh té. Trong twong lai cac ngudn ning luong duoc
xem la tiém ning s& thay thé dan cho cic ngudn ning luong hién c6 - d6 13 ning
lugng tai tao - vi khi khai thac chung it lam anh hudng té1 moéi truong va tai tao
dugc. Bén canh d6 1a nhitng thay d6i gan day trong co cu chinh cua cac cong ty
dién luc da tao co hdi cho nhiéu sy ddi méi khoa hoc ky thuat, bao g6m sur
tham gia cua cac may phat phan bb — DG (Distributed Generation) vao hé thong
da dat duoc nhiing loi ich khac nhau. Ca dién lyc va khach hang déu c6 loi tir DG.
Trong s6 nhimg loi ich cuia DG, c6 rat nhiéu huéng dé giai quyét bai toan vé DG
nhung tat ca déu nham muc dich hudng dén viéc tdi uu su phat trién va van hanh
cua hé théng dién.

Hién nay chung 1 cac ngudn dién phan tan, dic biét phu hop cho cac ho gia
dinh, ving cao, ving sau , ving hai dao...va co thé hoa ludi dién quéc gia dé hoa
chung vao su phat trién ctia khoa hoc k¥ thudt trén moi ving mién cua dat nudc.

Nguon phan tan DG (distributed generation) 1a nguon phat duoc lap dat gan
noi tiéu thu dién niang nén loai trr duoc nhitng chi phi truyén tai va phin phdi
khong can thiét. Cong nghé DG rat da dang: Turbine gid, pin nhién liéu, thiy dién
cong suat nho, may phat dong co dbt trong, microturbine v.v... viée tai cdu trac ludi
dién phan phdi (LDPP) s& dem lai loi ich vé kinh té déng thoi tao ra mot s cai
thién chi s6 k¥ thuat nhu: Giam thiéu ton thit cong suét, giam do sut ap, giam qua

tai duong day va tram bién ap, nang cao do tin cdy, cai thién chat lugng dién v.v...



Nhin chung khi ¢6 cac DG ndi vao LDPP s& dem lai mot s6 loi ich nhu:

Loi ich voi nganh dién:
% Giam ton hao cong sut trén duong day.
+» Cai thién dién ap.
% Tang hiéu suét dién ning
% Binh 6n gia dién.
% Giam sy 6 nhiém moi trudng
s Tang cuong dg tin cdy va an toan
< Pam bao tinh cung cip dién lién tuc
Loiich voi ngwoi sir dung dién:
% Cai thién chat lugng dién.
% Binh dang trong quyén loi.
¢ Cai thién 49 tin cay.
Loi ich vé mdt thwong mai:

¢ Tao mot thi truong dién co6 tinh canh tranh.

/
0’0

Cung cip céac dich vu khac nhu: Cong suit phan khang, cong suit du phong.

D)

» Tri hoan sy dau tu trong viéc nang cap cac thiét bi

L)

K/
0’0

Giam chi phi van hanh
% Tang cudng hoat dong san xudt
% Giam chi phi nhién li¢u
% Tang d6 an toan cho nhitng tai quan trong trong ludi phan phéi
Tuy vy, khi DG duoc két ndi vao mang phan phdi, DG duoc xem nhu mot ngudn
dién thir hai n6 gay ra mot sb tac dong 1én mang phan phdi nhu:

% Lam thay doi phan bd cong suit trén mang dién

/
0’0

Lam thay d6i dong ngan mach

¢ Gay nén hoa tan

K/
0’0

Cong huong trong hé thong
% Thay d6i do 16n dién 4p trén hé thong



% Anh huong dén do tin cay
% Thay d6i ton hao cong suat trén phat tuyén

Chinh vi cac tac dong néu trén viéc két nbi va van hanh DG gip mot sb tre

ngai. Cac tdc dong néu trén thuong dugc nghién ctru ¢ cac dang doc 1ap nhau.

Mbt sd nghién ciru xoay quanh vé van dé cai thién dién ap, mot sb khac hudng

dén do giam ton that hodc nghién ctru d0 tin cdy cua hé¢ théng khi ¢6 DG két

nbi...

Lu6i dién phan phdi c6 cac dic diém vé thiét ké va van hanh khac véi ludi
dién truyén tai. Ludi dién phan phéi phan bd trén dién rong, thuong van hanh khong
dbi xtmg va c6 ton that 16n hon. Trén co s cac sd liéu vé ton that c6 thé danh gia so
bo chat luong van hanh cua ludi dién phan phéi. Véi myc ti€u gidm ton that trén
lu6i dién phan phdi chiu tic dong cia rat nhiéu yéu t6 va doi hoi nhiéu bién phap
ddng bo. Cac bién phap quan 1y, hanh chinh nham giam ton thit thvong mai can
thuc hién song song véi cac nd lyc giam ton that k§ thuat.

 Tbi uu héa cac ché do van hanh ludi dién

X/

% Han ché van hanh khong dbi xung

RY

% Giam chiéu dai dudng ddy, cai tao nang tiét dién diy din hodc giam ban kinh
cap dién cua cac tram bién ap

< Lap dat hé théng tu bu cong suat phan khang dam bao hé s cong suit cose

% Tang dung luong cac may bién ap chiu tai ning, qua tai, lya chon cac may bién
ap ty 1 ton that that thap, lap dat cic may bién 4p 1 pha.

2. MUC TIEU VA NHIEM VU CUA LUAN VAN

Muc tiéu cta luan van 1a nghién ctru viée “Tdi cdu triic lwdi dign phéin phoi
gidm ton thit dién nang c6 tic dung ciia DG”
Luan van giai quyét cac nhiém vy chinh sau:
< Ngién ctru viéc tai cau trac ludi dién phan phéi khi c6 DG két nbi.
#  Giai bai toan tai cdu trac LDPP ¢6 DG nham giam thiéu tn that dién ning xay
dung ham muc tiéu, &p dung gidi thuat heuristic dé tim cau trac ti uu cho bai

toan tai cAu tric ludi dién phan phdi c6 DG dé giam ton that dién ning.



< Dé suit thir nghiém giai thuat trén luéi dién mau
% Kiém ching két qua bang trinh TOPO trong PSS/ADEPT
< So sanh két qua cta giai thuat vdi mot sb két qua cia giai thuat khac
< Dé xuét viéc ap dung giai thuat vao van hanh LbPP
3. PHAM VI NGHIEN CUU
Pham vi nghién ctru cta ludn van tdp trung vao bai toan #di cdu triic lwdi dién
phén phéi giam ton thit dién néing cé tic dung ciia DG.
4. PHUONG PHAP GIAI QUYET BAI TOAN
a) Sir dung cac phuong phap giai tich toan hoc dé xdy dung ham muc tiéu F cuc
tiéu ton that dién ning trén LDPP ¢ DG.
b) Xay dung giai thudt heuristic dé tim cau trGic t6i wu theo ham muc tiéu giam
thiéu ton that dién nang trén LDPP c6 DG.
¢) St dung trinh TOPO trong PSS/ADEPT dé kiém chimg két qua.
5. PIEM MOI CUA LUAN VAN
> Xay dung duoc ham muc tiéu cho bai toan tai cdu trac LDPP ¢6 DG giam thiéu
t6n that dién ning.
» Xay dung duoc giai thudt heuristic dé tim ra cAu trac luéi dién phan phdi téi vu
theo ham muc tiéu da xay dung.
6. GIA TRI THUC TIEN CUA LUAN VAN
> Xay dung giai thuat tai cau tric LDPP c6 DG giam ton that dién ning duoc
ching minh bang 1y thuyét 1an két qua tinh toan, va két qua kiém chimg cho
thdy mot ludi dién co cau tric ding s& giam thiéu ton that dién ning, giam duoc
chi phi van hanh hé thdng dién phan phdi va din dén giam duoc gia thanh dién
nang cung cap dén khach hang st dung dién.
> Nghién ciru lién quan dén cac bai toan tai cau trac ludi dién phan phbi.
» Lam tai li¢u tham khao cho cong tac nghién ctru va van hanh ludi dién.
> Téi cau hinh LDPP ¢6 DG trong van hanh tryc tuyén.
7. BO CUC CUA LUAN VAN

Luan van dugc thyc hién bao gom céac chuong sau:



Chuong 0: Gi6i thiéu dé tai

Chuong 1: Téng quan vé tai ciu tric LDPP c6 DG
Chuong 2: Co s6 1y thuyét

Chuong 3: Xay dung giai thuat

Chuong 4: Ap dung tinh toan trén LDPP

Chuong 5: Két luan va hudng phat trién cia dé tai

Phu luc va tai liéu tham khao



CHUONG 1
TONG QUAN VE TAI CAU TRUC LPPP CO DG

1.1. Tong quan vé hréi dién phan phoi
1.1.1 Pic diém caa lwéi dién phan phdi
Mang phan phdi s& nhan dién tir ludi truyén tai hodc truyén tai phu sau do
cung cip dén ho tiéu thu dién. Mang phéan phdi c6 cdu trac hinh tia hodc dang mach
vong nhung van hanh trong trang thai ho. Dong cong suit trong trudng hop nay do
vé tir hé théng théng qua mang phan phdi cung cap cho phu tai. Vi vay, viéc truyén
tai dién nang tir nha may dién dén ho tiéu thy s& sinh ra t6n hao trén luéi truyén tai
va mang phan phdi (khoang 10 - 15% tong cong suét ctia hé thong [3]). Vi cdu trac
m&i cta ludi phan phdi hién nay, do ¢ sy tham gia cia cac DG, dong cong suit
khong chi d6 vé tir hé thdéng truyén tai ma con luu thong giita cic phan cia mang
phan phdi v&i nhau, tham chi d6 ngugc vé ludi truyén tai.
Lu6i phan phdi cung cip dién truc tiép cho phu tai trong ban kinh khoang vai

chuc km trd lai, ¢6 cac dic diém chinh sau:

< Dién 4p dinh muc tir 6kv dén 35kv, doi khi 1én dén 66kv - 110kv [3].

% Tong chiéu dai duong day va sb lugng may bién ap chiém ti 1¢ 16n trong toan

hé thong dién.
% Két ndi voi ludi truyén tai thong qua cac tram trung gian hodc cac tram khu

vuc.
% Ton that cong sut trén ludi phan phdi chiém khoang 5 - 7% tong cong suat

ctia hé thong dién [3]
1.1.2. Nhiém vu cia lw6i dién phan phoi
% Cung cap phuong tién dé truyén tai ning lugng dién dén ho tiéu thu
% Cung cip phuong tién dé cac cong ty dién luc c6 thé ban dién
< Pam bao chat lugng dién ning va db tin ciy cung cip dién

* Pam bdo mot so yéu cau an toan trong gidi han cho phép.



Khi c6 sy tham gia ctua cac DG, mang phan phéi thuc hién tét hon cac nhiém
vu néu trén mang lai nhiéu loi ich khac nhu: Giam tai trén luéi dién, cai thién dién
ap, giam ton that dién ning.

Mang phan phdi thong dung dugc phén loai nhu sau:
- Hé théng hinh tia
- Hé théng vong kin
- H¢ théng mang dién ( mang so va thu cép hinh tia, mang di¢n thu cép Vol
day phap tuyén hinh tia )

Nhitng hé théng nay theo thtr tu chi phi tang dan, tinh linh hoat va d6 tin cay

trong van hanh. Do d6 ma chiing dugc dung trong nhirng viing ma mat dg phu tai

tang dan.

— Z_ Distribution
PV :2 = I ‘l Network

WEC

Diesel

Hinh 1.1: Céc loai ngudén DG két nbi vao LDPP
Ngudn phan tan s& ngdy cang duoc Gmg dung nhiéu trong ludi dién phan phdi
trong tuong lai vi nhitng 1y do chinh sau:

- Thi trudng dién dd mo clra cho cac nha dau tu tham gia ¢ tat ca cac dang
ngudn ning luong

- Céc ngudn ning luong hoa thach dang ngay cang can kiét trong khi y thirc bao
v€ moi truong cuia nguoi dan tang 1én.

- Mot 1y do nira do 1a tinh trang bao hoa ctia cdc mang dién hién cd, mat khac
v6i su phat trién rat nhanh ctia nhu cau phu tai trong khi viéc xay dung céc

ngudn phat truyén théng cong suat 16n can nhiéu thoi gian.



Bai toan tai cau trac ludi phan phdi khi ¢6 ngudn phan tan 13 mét sy chon lua
hap dan dbi v6i viéc 1ap ké hoach md rong va phat trién ludi dién phan phdi trong
tuong lai. Nhitng ngudn phén tan khi két néi vao lugi dién (hinh 1.1) néu LDPP ¢6
cAu truc t6i vu s& giam ton thit ning luong, cai thién dang dién ap va nang cao do
tin cdy cung cap dién...

1.2. Tong quan vé DG

1.2.1. Pinh nghia DG

Khi nghién ctru vé DG ¢6 nhiéu cach dinh nghia khac nhau, sau ddy 1a mot s6
dinh nghia vé DG: [5], [7]

% Vién Nghién Ctru Nang Luong Dién My (EPRI): DG la cac may phat c6 cong
sudt tir vai kw dén SOMW va cac thiét bi tich trir ning luong dat gin phu tai,
mang phéan phéi hodc truyén tai phu dudi dang nhitng nguodn ning luong phan
tan.

< Thuy DPién xem cic may phat ¢ cong suat dudi 1500kW 1a DG.

% O thi trudng dién nudc Anh: Mot nha may dién c6 dung lwong nhé hon 100MW
khong duoc goi 1a ngudn dién tap trung. Vi vay, DG dugc xem 14 cac may phat
c6 cong suat nho hon 100MW.

% New Zealand: Cac may phat c6 cong suit nho hon SMW thudng duoc xem 1a
DG.

% Theo Hoi Pong Qubc Té vé cac Hé Théng Dién 16n (CIGRE): Cac ngudn dién
khong phai 1a ngudn trung tam, dugc dat gan phu tai va ndi vao mang dién phan
phéi, c6 cong suat nho hon 100MW goi 14 DG.

1.2.2. Mt s6 loai ngudn DG (hinh 1.2)

Pin mat troi (photovoltaic - PV)

Céc hé thong pin mat troi (PV) chuyén ddi truc tiép ning lvong mat troi thanh
dién nang ma khong can dén qué trinh dot chday hodc ti€u thu nhién liéu. Cong ngh¢
nay cé chi phi van hanh va béo tri rat thdp. Céng nghé PV duoc str dung phd bién
cho cac toa nha doc 1ap va cac hé théng thong tin. PV duoc xem nhu mot cong nghé

tot nhat cho cac can h va cac ing dung thuong mai nho.



May Phat Turbine Gié (wind turbine - WT)
Cong nghé san xuat dién nang tir ndng luong gié s dung cac turbine khi dong,
duoc phan chia ra cac cp nhu sau [5]:
% Heé théng mini cong suat nho hon 10kW
% Hé thong nhé c6 cong suat tir 10kw dén 100kw
% Hé théng trung binh ¢ cong suét tir 100kw dén 500kw
% Hé thong 10n ¢ cong suét trén 500kw

Cong nghé thich hop v6i khu vire ndng thon, ving bién 14 nhimg noi ¢6 ngudn
ning luong gié ddi dao va mang dién phan phéi con thua thét.
Pin nhién li¢u (Fuel Cell -FC)

FC c6 thé chuyén ddi ning luong hoa hoc thanh dién ning ma khong can dén
qua trinh d6t chay. Cong nghé FC dugc phat trién ban dau cho nganh vii try, sau d6
1a nganh vén tai va hién nay né duoc xem 1a mot nganh cong nghé dy hta hen. Tir
d6, cong nghé nay da chimg to c¢6 hiu qua rat tét, co cau tao nguyén khdi, do on rat
thap, lugng khi thai NOx, SO, CO rat thip va c6 do tin ciy cao.

May phat dong co dot trong (Internal Combustion Engines - ICE)

Cong nghé dung dong co d6t trong (ICE) dé san xuit dién nang c6 thé noi 1a
lau doi nhat. Cong nghé nay st dung chu trinh ddt chay dau diesel va gas dé tao luc
co hoc, lyc ndy quay may phat dién dé san xuat ra dién ning. Thoi gian khoi dong

va dimg may nho (khoang 10s) thich hop vé6i phan tai dinh cta hé thng.

Hinh 1.2: Mot s6 ngudon DG
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1.2.3. Cac ngudn dién phén tan (DG) cé thé khai thac ¢ Viét Nam
Thuy dién nho:

Thuy dién 13 ngudn ning luong tai tao twong ddi sach, it gdy 6 nhiém va gia
thanh phat dién thap.

Tuy nhién, xét vé lau dai, thiy dién s& tic dong khong nho t&i hé sinh thai,
1am bién doi dong chay, anh hudéng dén doi sbng ctia mot bo phan 16n dan cu va khi
hét tudi tho, vin dé pha d& cac dap thuy dién cling khong hé don gian. Xu hudng
thé gi6i hién nay 1a khong xay dung cic nha may thuy dién 16n ma chi khai thac &
mirc d6 nho va cuc nho dé qua trinh phat trién bén viing hon.

Dién gio

Viét Nam c6 tiém ning gi6 16n nhat khu vuc Dong Nam A véi tong cong suit
udc dat 513.360 MW. Mat d6 nang lugng gioé vao khoang 800 — 1.400kWh/m2/nam
tai cac hai dao; 500 — 1000kWh/m2/nim tai ving duyén hai mién Trung, Tay
Nguyén va duyén hai Nam B9; cac khu vuc khac dudi 5S00kWh/m2/nam [5].

Nang luong gi6 13 ngudn ning luong tai tao sach, than thién véi moi trudng va
ngudn phat 1 vo tan, nhung nhuoc diém chinh ctia ngudn ning lugng nay 13 dau tu
16n nén gia thanh phat dién con cao (tr 0,06 — 0,1 USD/kWh) [5]. V&1 cong nghé
lién tuc phat trién trong nhitng nim gin day, du béo suit dau tu cling nhu gia thanh
ctia dién gié s& giam dan trong nhiing nim sap toi.

Nang luwong mat troi

Viét Nam nam trong vung nhiét déi, sé gio ning trung binh khoang 2.000 —
2.500gio/mam voi tong ning luwong blc xa mit troi trung binh khoang
150kCal/cm*/nam [5]. Tuy nhién, hién tai ngudn niang luong ndy chwa dugc khai
thac triét dé do nhitng han ché vé cong nghé va gia thanh dau tu.
Ning lwong sinh khéi (biomass)

Trén 10% 1a con s6 ma nang luong sinh khbi dong gop vao tong ning luong
san xut trén thé giGi [5]. Viét Nam 1 nudc noéng nghiép, cé tiém ning rat 16n vé

linh vuc nay, Nhu nang luong tir gb, ciii, rom rac, phu pham ndng nghiép...
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Dia nhiét

La dang ning luong khai thac sirc néng tir long dat, Viét Nam co hon 300
nguén nudc khoang nong c¢6 nhiét do bé mit tir 300C dén 1050C, tap trung nhiéu tai
Tay Bic, Trung Bo. Du bao dén nam 2020 c6 thé phat trién khoang 200 MW [5].
Han ché 16n nhat ciia ngudn nay chinh 1a van dé cong nghé ciling nhu gia thanh san
pham.
1.3. T4i cdu tric lwéi dién phan phéi c6 DG

Khi lu6i dién duoc van hanh hg, tén that ning luong ludn 16n hon va chét
luong dién nang luon kém hon mot ludi dién dugc van hanh kin. Khi co su cd, thoi
gian tai 1ap viéc cung cép dién cua ludi dién van hanh hé sé 1au hon do can co thoi
gian chuyén tai qua céc tuyén day khac.

Tuy nhién, do tinh chit khac nhau co ban giita ludi phan phdi va truyén tai la:

- S6 lwong phan tir nhu 16 ra, nhanh &, thiét bi bu, phu tai cua luéi phan phdi
nhiéu hon luéi dién truyén tai tr 5-7 lan nhung muc dau tu chi hon tir 2-2,5 lan
[19].

- C6 rat nhidu khach hang tiéu thu dién ning véi cong suat nho va phan b trén
dién rong, nén khi co sy ¢, mirc d6 thiét hai do gian doan cung cap dién ¢ ludi dién
phan phbi giy ra ciing it hon so véi su ¢b cta ludi dién truyén tai.

Vi nhiing dic trung trén ma ludi dién phan phdi luon duoc van hanh tia mac du
c6 céu trac mach vong do cac nguyén nhén sau:

- Khi van hanh véi cau trac hinh tia thi tong trd cta ludi dién phan phéi 16n hon
nhiéu so v6i van hanh vong kin nén dong ngan mach nhé khi ¢6 su ¢d. Vi vy chi
can chon cac thiét bi dong cit ¢6 dong nga“'m mach bé, cac thiét bi bao vé chi can
dung céc loai relay don gian, ré tién nhu relay qua dong, thap ap ...ddc biét co thé
dung cau chi ty roi ( FCO: Fuse cut out) hodc cau chi ty roi két hop cét co tai (
LBFCO: Load break fuse cut out) dé bao vé cac nhanh ré hinh tia trén cung mot
doan truc va phdi hop véi recloser dé tranh su c¢b thoang qua. Diéu nay s& dan dén

vbn dau tu xdy dung ludi dién phan phéi giam dang ké.
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- Do van hanh vé1 cau trac hinh tia, nén dé dang va nhanh chéng c6 13p su co,

han ché dugc sy anh hudng cia sy c6 dén cac khu vuc khac s€ giam dugc thiét hai

cho khach hang st dung dién.

- Vi cau tric van hanh hinh tia s€ dé dang va thuan tién cho vi¢c di€u khién

dién ap trén timg tuyén day.

Néu chi xem xét gia xay dyng méi luéi dién phan phéi, thi phuong an kinh té

1a ludi dién hinh tia.

Khi ¢6 cic DG, viéc van hanh luéi tré nén phirc tap hon nhung chéic chian do

tin cdy cung cap dién ciia hé théng phan phdi, chit luong dién ning ciing nhu ton

that cong suat s€ cai thién dang k€. Tuy nhién bai todn tai cau truc ludi dién phan

phoi s€ phai d61 mat véi nhiéu tinh hudng nhu:

)]

2)

3)

Trang thai van hanh c6 ton that cong suat bé nhat khi ludi dién phan phdi co
mot hay nhiéu DG. O trang thai nay cac DG s& duoc huy dong hét cong suét
néu 1a cac DG thiy dién khong c6 hd chira, gié hay ning lugng mat troi
khong c6 bd pin nhién liéu. Déi voi cac DG dung nhiéu liéu chat dét c6 thé
du trit duoc s& phat cong suat theo yéu cau cia don vi quan 1y ludi hay nha
quan 1y DG dé dat hiéu qua kinh té cta ho.

Trang thai van hanh khi bi sy ¢ mot tuyén day hay nhiéu hon, khi d6 bai
toan tai cau trac ludi dién phan phdi s& c6 muc tiéu 1a chong qua tai cic
tuyén ddy con lai ciing nhu phai sa thai phu tai néu can. Trong truong hop
nay, cac DG s€ dugc huy dong tdi da dé dat duoc muc tiéu la chéng qua tai
tuyén day va t6i thiéu sb phu tai bi mét dién.

Trang thai van hanh ludi dién phan phdi khi cac ngudn chinh cua cong ty
truyén tai b thiéu. Luc nay cac DG sé& dugc huy dong cong suat phdi hop véi
cac ngudn dién chinh (cac tram bién ap trung gian 110/22-15kV hay
110/35kV) dé giam ap luc cho ngudn chinh va han ché s6 phu tai bi mat dién
do sa thai phu tai.
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Trong ludn vin ndy, muc tiéu van hanh ludi dién phan phdi c6 DG s& dugc dé cip
giai quyét thong qua mo hinh toan hoc va giai thuat tai cdu tric ludi giam ton that
dién nang.

1.4 Cic bai todn tai cau tric luéi di¢n phan phoi

- Bai toan 1: Tim céu trac ludi dién phan phéi tdi wu theo ham muc tiéu cuc tiéu
chi phi van hanh theo db thi phu tai.

- Bai toan 2: Tim c4u trac ludi dién phan phéi t61 uu theo ham muc tiéu cuc tiéu ton
that dién nang trén ludi dién theo dd thi phu tai.

- Bai todn 3: Tdi cdu tric lwdi di¢n dé ton thit dién néing bé nhit.

- Bai toan 4: Tim cau trac 1udi dién phan phdi toi uu theo ham muc tiéu cin bang
tai

- Bai toan 5: Khoi phuc ludi dién sau su ) hay cat dién stra chita.

- Bai toan 6: Xac dinh cau trac ludi theo nhiéu muc ti€u

Bai toan 1 phu hop voi cac ludi dién phtc tap, dugce trang bi cac khoa dién
hién dai, c6 kha ndng dong mdé c¢o tai, dugce diéu khién tir xa nhu recloser. Hay noi1
cach khac bai toan mot nén ding cho ludi dién c6 chi phi chuyén tai va gia ton that
nang luong gan bang nhau.

Tuy nhién khéng phai luéi dién phan phdi nao ciing trang bi nhitng khoa
chuyén tai dat tién, c6 kha nang dong cat c6 tai va diéu khién tir xa. Céac ludi dién
don gian duogc trang bi cac khoa dién chuyén tai phan nhiéu trén lu6i nhu FCO,
LBFCO... thi bai toan hai thich hgp hon ca.

Khi nghién ctru cic giai thuat giai cac bai toan 1 va bai toan 2, day la bai toan
hét sirc phirc tap. Dé giai quyét cac bai toan nay don gian hon, cac tac gia déu cb
gang dua vé bai toan c6 ham muc tiéu 1a cuc tiéu ham ton that cong suat. Pay chinh
1a 1i do xuat hién thém bai toan 3 “Xac dinh cdu trac ludi dién phan phdi c6 ton that
cong xuat bé nhat”. Co nhiéu phuong phap nghién ctu giai quyét bai toan 3 trén
lu6i phan phdi, tiéu biéu nhét 13 bai toan cua Merlin va Back hay cua Civanlar [1],

chung tao thanh hai hudng nghién ciru chinh trong bai toan tai cau tric ludi.
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Bai toan 4 thuong duogc ap dung tai nhitng khu vuc ¢6 sy tang truong phu tai
nhanh chong. Dé tranh qua tai duong ddy va may bién ap ngudn can phai co ciu
truc ludi dién kha nang van tai dugc luong cong suat 1on nhat ma sb lugng cac phén
tir bi qua tai trong ludi dién 1a bé nhét.

Bai todn 5 tai cau tric ludi dién phan phdi sau su ¢ cling khong kém phan hap
dan, duoc dong dao cac nha khoa hoc dé cép trong cac nghién ctru ctia minh. Céc
giai thuat tap trung chu yéu vao van dé sir dung ham muc tiéu can bang tai va giam
sO 1an thao tac cac khoa dé khoi phuc ludi.

Bai toan 6: T4i cu trac ludi theo ham da muc tiéu:

Trong muc tiéu ludi dién phan phdi co rat nhidu muc tiéu van hanh ma nguoi
diéu do vién phai lya chon sao cho phu hop véi cac dac tinh cua ludi dién tai khu
vuc ma minh dang truc tiép van hanh. Tuy nhién vi¢c chi chon duy nhat mot muc
tiéu dé diéu khién theo tirng thoi diém 13 rat kho d6i v6i ngudi van hanh khi cing
lac thoa méin nhiéu muc tiéu.

Bi todn 3 — Tdi ciu tricc lwdi giam ton thit dién nang tic dung.

Bai toan tai cau trac luéi dién phan phéi v61 ham muc ti€u giam ton that dién
nang tac dung cia DG 1a mot bai toan quan trong, 1am nén tang hau nhu cho tat ca
cac bai toan khac trong hé thdng cac bai toan tai cau tric ludi.

Khi giai quyét ham muc tiéu 1a cyc tiéu chi phi van hanh, Shirmohammadi da
stt dung giai thudt giam ton that cong sudt cua Civanlar. Con Taleski ciing di sir
dung giai thuat nay dé giai quyét bai toan 2.

Bang 1.1: Pham vi img dung ctia cic bai toan tai ciu tric ludi

Tén bai toan 1 2 3 4 15 6
£ | Khoa dién duoc diéu khién tir xa v v v
> | Chi phi chuyén tai thdp, khong méat dién
2 7 v v v
E khi chuyén tai
S | Chi phi chuyén tai cao, mat dién khi
Q v | vV v | v
)

chuyén tai
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Ludéi dién thuong xuyén bi qua tai vV IV |V
Ludi dién it bi qué tai v | v v | v
Ludi dién hau nhu khong qua tai vIivi|v v

Céc bai toan xac dinh ciu tric van hanh cta mot ludi dién phan phéi cuc tiéu
ton that nang luong hay cuc tiéu chi phi van hanh thoa man cac diéu kién ky thuat
van hanh ludn 1a bai toan quan trong va kinh dién trong van hanh hé théng dién

Déi véi dé tai nay, bai todn 3 dugc dua ra va thuc hién 101 giai trong cac diéu
kién van hanh ctia ludi dién phan phdi khi c¢6 cac ngudn phét phan tan.

1.5. Thwe trang mang luéi dién tai Viét Nam

Do diéu kién dia 1y cling nhu lich st Viét Nam, hé thong dién Viét Nam noi
chung phan bd rong véi nhidu cip dién 4p va thiét bi cit k§, khong ddng bo. Nhing
nim gan day, cung vdi sy phat trién nhanh vé kinh t& dan dén nhu cau su dung dién
ting nhanh khong nhitng vé sb luong phu tai ma con vé cht luong dién ning cung
cip ciing phai cao hon. Diéu nay bat budt nganh dién lyc Viét Nam phai doi moi vé
cach thirc quan 1y — diéu hanh, vé thiét bi, cong nghé, xay dung nhiéu nha méy phat
dién, xay dung nang cip va mo rong ludi dién phan phdi vv...Tuy nhién van chua
dap tng kip véi nhu cau su dung di¢n, dac biét ludi di¢n phan phéi van con ton tai
nhirng han ché sau:

- Ton tai nhiéu cép dién ap trén LDPP (6,6kV, 10kV, 22kV, 35kV). [2]

- Céc thiét bi dong cat, chuyén mach cho ludi phan phdi nhu Recloser, LBS ¢6
s6 luong 16n va khong duoc van hanh diéu khién tir xa nén ton nhiéu thoi gian trong
cong tac van hanh. Luéi dién phan phdi dugc phan bd rong, cung cap dién truc tiép
cho nhiéu loai phy tai khac nhau. Nén chiu tdc dong 16n cua dia hinh phan b, diéu
kién khi hau cua tirng ving mién.

1.6 Céc nghién ctru khoa hoc vé tai cau triic luéi phan phoi
1.6.1 Gidi thi¢u
Vén dé tai cdu trac hé thdng cling twong ty nhu viéc tinh todn phan bd cong

suat to1 uvu. Tuy nhién, tai cau truc yéu cau mot khoi lugng tinh toan 16n do ¢ nhiéu
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bién sb tac dong dén cac trang thai khoa dién va diéu kién van hanh nhu: Ludi dién
phan phdi phai van hanh ho, khong qué tai may bién ap, duong day, thiét bi dong
cit... va sut ap tai hg tiéu thu trong pham vi cho phép.

Do d6, khi tiép can bai toan tai ciu trac, cac nha khoa hoc thudng sir dung céac
phuong phap tim kiém t5i vu s& cho két qua tét hon. Cac phuong phap tim kiém tbi
vu thuong dugc st dung cho bai toan tai cAu tric nhu: Phuwong phap Heuristic tdi
uu hoa, HE chuyén gia. Hi¢n nay c6 hai phuong phap chinh trong nghién ctru bai
toén tai cau hinh LDPP.

+ Thuét toan ciia Merlin & Back (kj thudt vong cat) dai dién cho phuong
phap heuristic két hop voi ki thuat téi vu

+ Thuat toan cua Civanlar (kj thudt déi nhanh) dai dién cho phuong phap
thuan tuy heuristic. [1]

Vé ban chat, heuristic 13 phuong phap giai quyét van dé bang cach danh gia
kinh nghiém va tim kiém giai phap t6i uu théng qua cac phép thir nghiém trong qua
trinh tim kiém, va 1 cac luat dung dé chon nhitng cdu hinh nao c6 nhiéu kha ning
nhat dé dan dén mot giai phap chip nhan duoc. Tuy nhién do diwa vao kinh nghiém
hodc tryc giac nén heuristic co thé dan dén mot thuat toan tim kiém chi dat duoc
giai phap gan toi wu tham chi c6 thé khong tim duogc giai phap nao. Pay 1a mot han
ché thudc vé ban chat tim kiém heuristic. Do vay, dé han ché nhuoc diém nay, can
phai két hop heuristic voi cac ki thuat t6i uu hodc dua trén dic diém thyc té cua dbi
tuong nghién ctru. V4i bai toan tai cdu hinh, nhiéu nghién ctru da két luan rang:
Viéc két hop giira heuristic va toi ru hoa tuy t6n nhiéu thoi gian tinh toan nhung lai
c6 kha nang xac dinh dugc cAu hinh ludi dién dat AP cuc tiéu va khong phu thudc
vao c4u hinh ban dau. Pai dién cho nhom thuat toan nay la nghién ctru cua Merlin
& Back va cua Civanlar.

1.6.2 Phuong phap Heuristic t6i wu héa

Mot s6 phuong phap da dugce dé xuat dé giai quyét van dé tai ciu trac. Trong

Nam 1975, Merlin va Back [1] d& xuit mot phuong phap heuristic ¢6 rang budc dé

xac dinh céc cau hinh ludi cho ton that toi thi€u trén dudng day. Be co ludi dién
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hinh tia, tac gia dd 1an lugt loai bo nhirng nhanh c6 dong cong suét chay qua bé
nhat, qué trinh s& chdm dat khi ludi dién dat duoc trang thai van hanh hé. Trong
qua trinh thyc hién, thuat toan khong tinh mirc gidm AP khi phan bd lai phu tai cho
tirng budc ma chi xét dén dong chay qua khoa dién. Thuat toan khong tinh ton that
AP dé so sanh lya chon céu hinh t6i wu vi d3 xuat phat tir diéu kién mé nhanh c6
dong bé nhat dé muc ton that AP 13 bé nhat. Nhitng vu diém chi yéu cua phuong
phép nay la: [1]

- Cau trac ludi cudi cing 1a doc 1ap véi trang thai ban du cia cac khoa dién.

- Qua trinh thyc hién phuong phap nay dan dén téi vu hodc gan ti wu theo

cac ham muc tiéu.

Céc nhuoc diém chinh ctia phuong phap nay 1a: [1]

- Tai dugc gia dinh hoan toan 13 tai tic dung va duoc cung cap béi cac ngudn

hién tai s& khong thay doi trong qua trinh thue hién tai cu truc.

- Sut ap trén ludi duoc cho 1a khong dang ké.

- C4c han ché khéc cua luéi dién cling duoc bod qua.

Dua trén co s¢ thuat toan nay, rat nhiéu cac nghién ctru vé sau da phat trién,
chinh stra cho phu hop véi thuc té van hanh luéi dién cling nhu yéu cau vé giam
khéi luong tinh toan va ning cao chét lugng dién ning. Pién hinh cho cac nghién
ciru d6 1a thuat toan cua Shirmohammadi va Hong di cai tién phuong phép cia
Merlin va Back va thu dugc két qua trong viéc tim kiém giai phap t6i wu hodc gin
t6i wu va trang thai ciia cac khoa dién khong phu thudc vao cau trac ludi. Tac gia
Shirmohammadi 13 nguoi dau tién st dung k¥ thuat bom vao/rat ra mot luong dong
dién khong ddi dé mé ta thao tic phan bd lai phu tai trong LDPP véi gia thiét dong
dién bom vao/rat ra 13 mot dai lwong lién tuc. Phuong phap nay khic phuc duogc tat
ca cac nhuoc diém chinh cua Merlin va Back. [4]. Xuét phat tir luéi dién ban dau 1a
luoi dién kin (sau khi dong tat ca cac khoa dién trén luoi), giai bai toan PBCS s¢ lya
chon nhanh c6 dong dién bé nhit trong cac vong doc 1ap. Sau khi md nhanh c6 dong
bé nhét trong ludi dién, giai lai bai toan PBCS cho ludi dién méi, dong thoi kiém tra

cac dicu kién vé chat luong dién &p nut, kha ndng mang tai cia cac tuyén day con



18

lai. Trong trudng hop khong vi pham chét lugng dién ap cac nit va kha ning tai cia
nhanh, s€ 1ap lai cac budc nhu trén cho dén khi ludi dién hoan toan hinh tia va cac
phu tai déu dugc cip dién. Trong trudng hop khoa dién vira mé vi pham diéu kién
van hanh, s& phai dong khod dién vira md va mé khoa dién co dong bé nhit tiép
theo trong LDPP. Sau d¢ giai lai bai toan PBCS va tiép tuc kiém tra diéu kién van
hanh cho dén khi ludi dién hinh tia.

V6i cach thyc hién nhu trén dé nhan thdy ring thuat toan cua

Shirmohammadi c¢6 xét dén diéu kién chat luong dién ap va kha ning tai dudong day
(diéu nay khac véi thuat toan cua Merlin & Back). Vi vdy, cAu hinh LDPP theo
thuat toan nay dam bao duoc chét lugng dién nang tdt hon so véi thuat toan cua
Merlin & Back. Tuy nhién, sau mdi 1an m¢ khoa dién, phai tién hanh giai lai bai
toan PBCS nén tén nhiéu thoi gian tinh toan. V&i cac LDPP phirc tap ¢6 “n” khoa
dién thi c6 kha nang xay ra dén “2™ 1an thao tac trén toan LDPP dé c6 duoc mot
céu hinh LDPP c6 ton that cong sut bé nhat.
Ciing trén co s thudt toan nay, rat nhiéu nghién ciru gan day tmg dung cho bai toan
tai cdu hinh LDPP ¢6 DG, trong d¢6 DG duoc xem nhu ngudn phat ¢6 cong suét phat
hoan toan xac dinh, ham muc tiéu 13 t6i thiéu ton that cong suat v6i hang loat cac
rang budc vé: Can bang tai, chat lugng dién ap, do tin ciy cung cap dién...

Céc nghién ctru dién hinh khac cta Jeon, Goswami v6i tim kiém Tabu (Tabu
Search - TS) st dung k¥ thudt chuyén d6i nhanh dé tai cdu hinh LDPP. Phuong
phap Tabu la phuong phap giai quyét van dé bang cach danh gia kinh nghiém va
tim dén giai phap bang lam phép thir va rat ra sai 1am. Trong phuong phap nay, bai
toan tai cAu hinh dugc phat biéu dudi dang bai toan t6i wu phi tuyén nguyén hon
hop, ham muc tiéu 13 tdi thiéu AP. Céc rang budc dugc danh gia thong qua hé sd
phat a. Viéc lira chon thong sb phat phai phti hop dé sao cho véi giai phap t6i vu thi
chat lwong dién nang 1a tét nhat. Miac du Tabu cho két qua tim kiém khé hiéu qua
nhung nhuogc diém 13 s6 1an 13p 16n [1], [29].

Civanlar da phat trién k¥ thuat d6i nhanh thé hién & qua trinh thay thé 01 khoa

mo bang 01 khoa déng trong ciing mot vong dé giam ton that cong suat. Vong dugc
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chon dé d6i nhanh 13 vong c6 cip khod déng/mé c6 mirc giam ton that cong suat 1on
nhéat. Qua trinh duoc 1ap lai cho dén khi khong thé giam duogc ton thit nira.
Giai thuat Civanlar c6 nhitng wu diém sau [4]:
- Nhanh chéng xéac dinh phuong an tai cdu trac c6 murc ton that nho hon bang
cach giam s lién két dong cat nhd qui tic heuristics va sir dung cong thirc
thuc nghi¢m dé xéac dinh muc do giam ton that tuong ddi.
- Viéc xac dinh dong tai tuong dbi chinh xac.
Tuy nhién, giai thuat cling con nhiéu nhuoc diém can khac phuc [4]:

- Méi budc tinh toan chi xem xét 01 cip khéa dién trong 01 vong.

- Chi dap tng dugc nhu cau giam ton that, chir chua giai quyét duoc bai toan

cuc tiéu hoa ham muc tiéu.

- Viéc tai cAu tric hé théng phu thudc vao cAu tric ban dau cua hé th6ng dién.
Bran va Wu cb ging cai tién giai thuat cia Civanlar biang cach gi6i thiéu hai phép
tinh gan dung cho dong cong suat va sut ap trong qué trinh chuyén tai. Cong suét
tinh toan trén nhanh theo Bran va Wu chi gdm thanh phan cong suit phu tai, bo qua
thanh phan t6n that ciia cic nhanh trudc d6. Thong qua viée sir dung phuong phap
nay, cac khé khin lién quan dén qué tai dudng diy va sut 4p duoc xac dinh ngay
trong giai thudt chtr khong phai sau khi két thic bai toan. Baran con c¢d ging vuot
qua nhuoc diém 16n trong k¥ thuat “ddi nhanh” 1a dé bi roi vao cuc tiéu dia phuong
bang cach chi ra cac trinh tu déng/mé khoa dién. Tuy nhién, giai thut ctia Baran va
Wu dé bi roi vao céac cuc tiéu dia phuong vi trinh tu thay ddi nhanh c6 tinh chit to
hop [4].

1.6.3. Cac giai thuat dwa trén tri tu¢ nhan tao

Gan day, tri tu¢ nhan tao da tré nén phé bién dua dén sy né rd cua nhidu ky
thuat nhu: hé than kinh nhén tao (ANN), giai thuat gen (GA) va hé chuyén gia (ES)
da duoc ung dung dé tai cAu tric hé théng. Maic du viéc su dung cac ky thuat dua
trén co s& cta tri tué nhan tao da t6 ra cd gia tri trong nhiéu tng dung, nhung van
chua thé chtimg minh 13 d4 tim ra dugc cac giai phap tot nhat. Voi toc do phat trién

cua cong nghé may tinh nhu hién nay, chac chan tri tu¢ nhan tao sé dugc ting dung
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nhiéu hon trong cac bai toan tai cAu tric hé thong. Cac k¥ thuat ap dung dong thoi
ANN va GA (giai thuat lai) mo ra nhiéu trién vong trong viéc giam dang ké thoi
gian tinh toan [33], 35], [3], [4], [15].

1.6.3.1. Thuit toan di truyén - Genetic Algorithm (GA)

Nara sir dung cac thuét toan di truyén (GA) 1a mot thuat toan tim kiém dya trén
co ché chon loc tu nhién va di truyén tu nhién. N6 két hop su thich nghi gitra ban
chét cua di truyén hoc ty nhién hoic qué trinh tién hoa cua cic co quan véi chire
nang tdi vu hoa. Céc tinh ning don gian ctia GA 1am cho né phu hop cho nhiéu dbi
tugng khac nhau khi giai quyét vin dé tdi wu hoa. Cac van dé trong viéc sir dung
GA duya trén mot nguyén tic ma hoa va giai ma hiéu qua co ché cta nhiém sac thé

dai dién cho mang lu6i phan phdi va cau tric cua chirc ning thé luc [33].

Biéu dién chudi dua trén cdc chién luwpc Heuristic:

bdi véi mang phan phéi, khi dong mot khoa dién s€ tao mot vong kin. Thuat
toan dé nghi bat dau béng viéc dong tAt ca cac khoa dién dé tao mot mang vong.
Mang vong niy s& bao gdm nhiéu vong dong va mdi vong phai c6 mot diém mo
“t5t nhat” dé cuc tiéu tdn that cho mach hd. Md mot khoa dién trong moi vong s€ cO
duoc cdu triic mang hinh tia. Tiép theo 1a cc biéu dién chudi:

- MBJi gien biéu dién mot khda mé trong vong, do dai cia chudi bing sd
vong.
- Néu chudi c6 cing mét gien thi mang c6 mot vong, mdi gien trong chudi
khac nhau.
- Néu chudi c¢6 hai hay nhiéu gien 1a khoa dién thong thuong trong hai vong
khac nhau thi mang c6 mot nut bi cach ly.
Qua trinh tai san sinh, lai hoa va dot bién:

Trong qua trinh tai san sinh, chon mot tdp hop cc chudi cii dé san sinh mot tap
cac chudi méi dua theo tinh hop ly. Trong qua trinh lai héa, chon hai chudi mot
cach ngau nhién tr dan $6 & cung mot thot diém. Chon mét hay nhiéu vi trf trén hai
chudi va hoan dbi cho nhau (lai héa don gian hodc phirc tap). Qua trinh dot bién

duge thue hién rat han ché, sau mdi chuyén ddi tir 100-1000 bit trong qua trinh lai
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hoa, thay d6i mot vi tri bit ngiu nhién bang cac khoa dién khac nhau trong vong cho
mot chudi duge chon ngiu nhién tir din sb. Phép toan nay duoc sir dung dé thoat
khoi mot cyc tiéu dia phuong. Tuy nhién trong qua trinh ndy, chudi méi tao ra co
thé vi pham céc rang budc hinh tia va cach ly.

1.6.3.2. Phwong phap logic mo - Fuzy logic

King va Radha sir dung mot bo diéu khién logic md dé thich tng hoan toan va
X4c suét xay ra dot bién dya trén chuc nang thé luc. Cac vu diém chinh cua hé théng
kiém soat mod dbi v6i cac phuwong phéap truyén thong 1a: kha ning mé hinh hoa dinh
luong céc khia canh cua kién thuc va qué trinh 1y ludn cua con ngudi, md hinh hoa
udc tinh mién phi ,manh mé&, va d& dang thyc hién. Logic md diéu khién GA luén
ludn tim ra t6i vu toan cuc va da chting té ¢6 sy hoi tu nhanh hon so véi mot GA su
dung qua cb dinh trén va dot bién thich nghi [15].
1.6.3.3. Mang thin kinh nhén tao - Artificial Neural Network (ANN)

Kim va céc cong sy da dé xuit mot giai thuat gém hai giai doan dya trén ANN
trong nd luc tai cau trac hé théng nham cyc tiéu hoa tdn that. Nhim tranh nhirng
kho khian lién quan dén khdi lugng 16n cac dit liéu, Kim da dé nghi chia hé thong
phan phdi thanh nhiéu ving phu tai. Tai méi viung phu ti, mot hé théng gdm hai
ANN s¢€ duoc su dung dé phan tich muc do tai va sau do thuc hién tai cAu trac tuy
theo diéu kién cuia tai. Viéc ing dung ANN trong phuwong phap nay mang lai cac két
qua tinh toan nhanh vi khong cin xem xét trang thai dong ngét riéng ré trong giai
thuat tong thé. Tuy nhién, ANN ciing chi c6 thé tim ra duoc trang thai ludi sau tai
ciu trac t6t nhu tap sb liéu huan luyén. Chinh vi vdy céu tric ludi dé nghi dung
ANN ciing khong thé chi ra duoc trang thai cuc tiéu [4], [15].
1.6.3.4. HE chuyén gia - Expert System (ES)

Taylor va Lubkeman dua ra mot hé chuyén gia tai cu triic hé théng phan phdi
dua trén sy mé rong cac luat cia Civanlar. Taylor va Lubkeman mo ta cac muc tiéu
co ban cua ho nhu tranh qua tai may bién ap, qué tai duong diy va do sut ap khong
binh thuong, céac tac gia khang dinh ring néu théa man cac diéu kién nay s& dan dén

t6i thiéu hoa ton that. [15]
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1.6.3.5. Thuit toan bay dan - Particle Swarm Method (PSM)

Jin va Zhao trinh bay phuong phéap dua trén tdi vu nhi phan bay dan cho van dé
can bang tai. Phuong phap ndy duoc 1dy cam hing tir cac hanh vi x4 hoi ciia mot
dan chim di cu ¢b ging dé dén dugc mot diém dén khong duoc biét trude. Mdi giai
phap 12 mdt con chim trong dan va duoc goi nhu 13 mot "phéan tir" twong tu nhu mot
nhiém sic thé trong GA. Phuong phap nay duoc st dung hiéu qué trong viéc tim
kiém cho cac giai phap ti wu [20]
1.6.3.6. Phuwong phap mé6 phong luyén kim - Simulated Annealing Method (SA)

Céac thuat toan md phong luyén kim lan dau tién dwoc dé& xuat boi Scott
Kirkpatrick, C. Daniel Gelatt va Mario P. Vecchi vao nam 1983 tuy nhién n¢ la dua
trén phuong phap mé phdng Monte Carlo do Metropolis N. vao nam 1953. [4]

Tén cua thuat toan nay xuét phat tir qué trinh lam lanh va két tinh hodc mot kim
loai 1am mat va @ trong Gng cua mot chét long. O nhiét d6 cao, mot chét 1ong ngau
nhién phan tan cac phén tu trong mdt trang thai nang lugng cao. Khi qué trinh lam
giam ngudn nhiét tir thoi diém ndy, cac hat tir tir vio mot mang c6 ciu trac (pha ran)
twong ung véi ting mirc nang luong. Mot diéu rat quan trong trong sudt qua trinh
nay 1 nhiét luong ctia hé thdng dat dén mot trang thai 6n dinh trude khi giam nhiét
do dé cép do tiép theo. Khi nhiét d6 du thép, cAu tric hé théng dat dén trang thai co
ban hodc diém ma tai d6 ning luong cla cac chat ran dugc giam tdi thiéu. Néu qua
trinh 1am mat khong dugc thuc hién cham du, h¢ thé)ng khong con ¢ trang thai nang
luong tdi thiéu, twong ty nhu qua trinh dap tt .

Cac trang thai vat 1y cua Qua trinh Luyén kim cling tuong tu nhu viéc xac dinh
gan nhu toan b hodc toan phan giai phap tdi uu cho cac van dé tdi wu hoa. Y tudng
co ban 13 bit dau v6i cau hinh nguyén tir hién hanh. Cau hinh nay tuong duong véi
cac giai phap hién thoi ciia mot van dé toi uu hoa. Ning lugng cua cic nguyén tir
tuong ty véi chi phi clia cic ham muc tiéu va trang thai cudi cing tuong mg véi

cuc ti€u cua ham chi phi.
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1.6.3.7. Thuit toan tdi wu Kién - Ant Colony Optimization Method

Carpento va Chicco trinh bay mot img dung méi cua giai thuat tim kiém cta dan
kién cho bai toan t6i vu tai cdu trac ludi dién phan phdi véi muyc tiéu cyc tiéu ton
that trén hé thong phan phdi véi cac rang budc trong qué trinh van hanh [4]. Phuong
phap nay dua trén hoat dong tim kiém thirc an ctia mot dan kién. Ban dau, s6 con
kién bat dau tir to kién dé di tim dudng dén noi c6 thic an. Tir t kién s& co rat
nhiéu con duong khéac nhau dé di dén noi co thirc an, nén 1 con kién s& chon ngﬁu
nhién mot con dudng di dén noi c6 thirc an. Quan sat loai kién, nguoi ta nhan thay
chung tim kiém nhau dya vao d4u chan ma ching d¢ lai trén duong di (hay con goi
1a dau chén kién d¢ lai). Sau 1 thoi gian luong déu chan (pheromone) ctia mdi ching
duong s& khac nhau. Do sy tich lily ddu chan ctua mdi ching duong ciing khac nhau
ddng thoi voi su bay hoi ctia ddu chan ¢ doan dudng kién it di. Su khac nhau nay
s& anh huong dén su di chuyén cia nhitng con kién sau di trén méi doan
duong. Néu dau chan dé lai trén duong di nhiéu thi s& ¢ kha ning thu hat cac con
kién khac di chuyén trén dudng di d6, nhitng chiang dudng con lai do khong thu huat
dugc luong kién di chuyén s& co xu hudng bay hoi ddu chan sau 1 thoi gian qui
dinh. Diéu dic biét trong cach hanh xur loai kién 1a lvong dau chan trén duong di co
su tich lily cang 16n thi ciing ddng nghia véi viée doan duong d6 14 ngan nhat tir to
kién dén noi c6 thic an. Phuong phap nay dua ra dé giai quyét cac bai toan co
khong gian nghiém 16n dé tim ra 101 giai c6 nghiém 13 t6i wu nhat trong khong gian
nghiém d6 véi thoi gian cho phép hay khong tim ra ciu triic toi wru hon thi dimg.

1.6.4 Nhéan xét chung ) i
Qua trinh bay no1 dung cac thuat toan va phuong phap tai cau hinh ludi dién, c6 thé

tong két lai nhu bang 1.2 dudi day.
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Bang 1.2. So sanh hi€u qua ctia mot sb thuat toan tai cAu hinh co ban

I — K§ thuit doi
nhanh thuin

Heuristic

II — K§ thuit vong cat
Heuristic két hop véi
ky thuit toi wu

III - Cac ky thuit dwa trén tri tué

nhan tao

Ham muc tiéu:

Giam AP

Ham muc tiéu:

Giam AP

Ham muc tiéu:

Giam AP

Xuat phat tir cau hinh
ban dau, ciu hinh tim
kiém khong dugc
dinh huéng rd rang,
qua trinh d6i nhanh
va tai cdu hinh dua
trén muc giam AP

16n nhét

Xuat phat tir cau hinh
kin, cdu hinh tim kiém
s& tim diém mo vong
c6 dong cong suit qua
nhénh bé nhat. Mo ta
dugc anh huong cua
cic tram va ngudn

trung gian

Xuat phat tir cau hinh ban dau. Chon
ra cac cdu hinh ngdu nhién c6 thé tim
duoc trong LDPP, xac dinh c4u hinh
tdt nhat theo ham muc tiéu. Pem ciu
hinh nay thay d6i 1 s vi tri dé tao ra

cau hinh mai tot nhat

Trong LDPP c6 K
khoa dién, phai giai
bai toan phan bd
cong suat K lan cho

mot 1an lap

Trong LDPP c6 K khoa
dién, phai giai bai toan
phan bd cong suit K
lan cho mot lan lap. AP
cho

tinh tung budc

phan bd lai phy tai

Tung vi tri khéa dong m¢o da dugce
ma hoéa thanh chudi nhi phan. tinh
céc hé s6 thich nghi va ham muc tiéu
cho cac cAu hinh vira méi tao ra, va
loai bo cac ciu hinh c6 ham muc tiéu

nho hon

De roi vao cuc tri dia

phuong

Co thé tranh duoc cuc
tri dia phuong néu giai
n’ lan phan bd cong

suét trén LDPP kin

Do phu thudc vao s6 cau hinh tao ra
ban dau dé co thé xac dinh duoc danh
sach cac cu hinh dugc chon. Nén s&
mat nhiéu thoi gian dé chay chuong
trinh tim ham muc tiéu cho cac ciu

hinh ban dau duoc tao ra

Qua bang tong két c6 mgt s6 nhan xét sau:

» Céc thuét toan dua trén tri tué nhéan tao cho két qua tdt trong nhiéu truong

hop, tuy nhién qué trinh mé phong khé khin. Véi LDPP phuc tap, sé cau
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hinh ban dau s& rat 16n, sb 1an lip nhiéu. Cac cdu hinh sau ciung ciing chi
dam bao 1a giam dugc AP so véi cu hinh ban dau chi khong khang dinh
duoc cdu hinh sau cing d6 c6 AP t6i wu.

» Vi cac thuat toan I va II cua bang 1.2, qua trinh lya chon cAu hinh t5t nhat
dua trén viée thuc hién nhiéu 1an trén LDPP, cau hinh ndo c6 ton that AP bé
nhét s& duoc lua chon. Mdi buéde tinh toan chi xem xét duoc 1 cap khoa dién
trong 1 vong, chua gidi quyét dugc triét dé bai toan cuc tiéu toan cuc ton that
AP trong ludi dién.

1.7. Phwong 4an giai quyét trong luin vin

Céc giai thuat tai cAu trac ludi chua tim ra duogc ciu hinh sau cung cua LBPP
c6 ton that cong sudt nho nhit hodc chua giai quyét dugc bai toan tong quat cho
LDPP. Dé khac phuc mot phan khé khan trén, ludn van nghién ciru tai ciu tric
LDPP c6 DG dé giam thiéu ton that dién ning trong LDPP tir don gian dén phirc
tap.

Xay dyng ham giam thiéu ton that AA (ham F), ham nay chira thong tin vé
LDPP va ciia DG. Xuét phat tir ciu hinh ban ddu, qua trinh tim kiém ciu hinh ¢
dinh hudng té1 ludi dién kin. Gidam ham F thyc hién béng cach dua trén dién tré cua
vong doc 1ap va dong cua ludi dién kin, dugc thuc hién mot 1an cho toan bod qua
trinh 13p trén ludi dién kin, diéu nay sé& tranh duoc cuc tiéu dia phuong va xét duoc
anh hudong cia DG 1én toan LDPP.

Pé thuc hién cong viéc nay, trudc hét can mo ta mic do anh hudng cia DG
dén ham ton that AA, tir 46 xay dung phuong 4n tim cau hinh LDPP c¢6 DG, trong
d6 s& dé cap dén viéc:

- Nghién ctru viée tai cdu trac LDPP ¢6 DG dé giam ton that dién ning

- Xay dung ham F trong viéc tai cau traic LDPP ¢6 DG dé giam ton that dién
nang

- Kiém chimg két qua giai thuat bang PSS/ADEPT

- Pé xuét ap dung trén van hanh truc tuyén LDPP
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CHUONG 2
CO SOLY THUYET

2.1 Pit van dé

Muc dich cua bai toan tai ciu tric ludi dién phan phdi 14 di tim ra mot cau
trac ludi co nhitng loi ich vé kinh té 16n nhat nhung vin dam bao vé mat k¥ thuét dé
lu6i dién phan phéi van hanh 6n dinh trong diéu kién van hanh binh thudng ciing
nhu sy cb. Nhirng lgi ich vé mat kinh té bao gém chi phi cho ton that trén ludgi dién,
chi phi chuyén tai (d6ng cat cac khoa dién), chi phi thiét hai cua khach hang do bi
ngung cung cép dién, va ca chi phi khong ban dugc dién ctia cong ty dién lyc. Nhu
vay, khi tim duoc 151 giai cho bai toan tai cAu tric ludi phan phdi dé giam ton that
dién niang ciing chinh 1 tim ra cdu tric ludi phan phdi co chi phi van hanh thap
nhéat. Mdi ciu trac lugi dién phan phéi duoc tao ra tir cau trac hién tai br:?mg cach
dong/mé cac khoa dién (tie, switch).

LDPP duoc tai cau tric bang cach mo cac khoa dién phan doan va dong céc
khoa dién chuyén mach sao cho ciu tric lugi dién van 13 hinh tia va tat ca khach
hang van dam bao cung cap dién khi dong cong suét di qua cac nut, ton that dién
nang, va do tin cdy cung cap dién cua ludi dién phan phdi ciing thay doi.

Trong luan van nay, muc ti€u chinh dat ra Ia tai ciu trac ludi dién phan phéi nham
giam ton thit dién niang c6 tac dung ciia DG.

2.2 Co s6 toan hoc

CAu trac ludi dién phan phdi duoc tao nén bai cac nhdm phan tir nhu may bién ap,
duong day, va cac thiét bi dong cit, bao vé ludi dién ( cAu chi, may cit...). Trong
qua trinh van vanh ludi dién, chung thudng duoc ndi tiép voi nhau dé tao nén mot
cau trac hinh tia dé dap ung duoc cac yéu cau kinh té 1an ky thuat. Trong thuc té
van hanh, phu tai s& khong ngung thay ddi, thém vao d6 néu cé cac ngudn dién
phan tan (DG) s& lam thay ddi dang ké phan bd cong suit trén cic nhanh cua
LDPP. Piéu nay da lam cho vi¢c van hanh LDPP tr¢ nén phuec tap, vi vay nhiém vu

xéac dinh lai vi tri cac diém mo trén LDPP 13 quan trong hon ca.
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D¢ tim diém mé méi cia LDPP ¢6 DG thyc chét 1a di tim mot ciu hinh t6i
wu moi cua LDPP dé dat cac muc tiéu trong van hanh nhu: Cai thién chét lugng
dién ap, cai thién do tin cay, gidm ton that dién nang (AA) ciling chinh la giam tdn
that cong suét (AP) . Muc tiéu chuong nay 13 van hanh LDPP c6 DG thong qua md
hinh to4n hoc va thuat toan tai ciu hinh ludi dién giam AA.

2.2.1. LDPP don gian

2.2.1.1. Mo ta toan hoc

DPé mo ta toan hoc giam ton that dién nang trén ludi dién c6 DG, Ta thuc hién xét
mot s6 trudong hop don gian, trude hét 1 mé ta cong sudt tac dung trén mot dudng
day don gian.

- Xét mot duong ddy don gian dugc cung cap dién tir ngudn dén tai va c6 dong dién
trén dudng day 1a Iva dién tro ciia dudng ddy 1a R, cong suat tai 1a S

] :
| I

$-P+Q

Hinh 2.1. So d6 cung cép dién don gian

T6n that dién nang trong thoi gian khao sat T (t,, 1a thoi doan khao sat m,m=1...M),

M

T(T=) t,)

m=]

Puoc viét la:

M M 2 M 2 2 M
AA=Y AP, =P R=Y. S gy =5 Do tll g oS (2 4p yRe, (21

m=1 m=1 m U m=1

—_ —

Véi Im =1, + 1, (2.2), 1 dong dién do phu tai tao ra.

- M6 ta toan hoc khi chuyén tai trén mot LDPP don gian chua c6 DG két ndi

1 [ 1 P 1
L] T I - T

O A B

[ 1 : / :
M o+l w~
TIpj, i

Hinh 2.2: So d6 LDPP mot vong khong c6 DG

Y
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Xeét luoi dien mot vong va c6 khoa dang mé tai MN nhu hinh 2.2. tai nhanh MN c6
Ipvn=0 va Igun=0, xac dinh khoa dién m¢o dé ton that dién nang la bé nhat.

Khi ta chuyén tai doan NB thudc tuyén diy ON sang tuyén diy OM sé& tuong ung
v6i thao tac dong khoa MN va mé khéa AB trén nhanh AB, sau khi chuyén tai doan
nhanh AB c6 Ipap=0 va Igap=0. Ta cling c6 thé mo ta toan hoc thao tac chuyén tai
trén bang cach rat ra mot luong dong dién Ip; va Io; tr nhanh OM va ddng thoi bom
vao nhanh MN cung moét Iuong dong dién Ip; va Iy sao cho dong dién chay qua
nhanh AB c6 Ipap=0 va Igap=0.

Gia su khi xét 1a U=Uyg,, va trong hé don vi tuong dbi Ugy=1

AA™ = Z Z( o+ o ) Rit,  (23)

m=1 i=l

Ton that dién ning tac dung sau khi chuyén tai 1a.

EEOID (NSNS 3 (N LFANS ¥ ST L) o o (METH L ¥8

m=l i=l m=l i=] m=1 i=] m=1 i=]
ieON ieON ieOM ieOM

+Z (I, + 1) Rty (24)

Ta thay, AA™ 14 ton that dién ning sau khi chuyén tai, d& AA™ nho nhit ta co.

sau M n
6%? Z > (T -1, )R oL, +Z(le o) Rty + Iy Ry, =0 (2.5)

Pj =1 i=l
ieON IEOM

aAA“:—Z i(IQim— )Rt +Z Z(le )Rt +z IRyt =0 (2.6)

m=l =] m=1 i=l
QJ icON ieOM

Tir (2.5), (2.6) ta lay dao ham riéng theo Ip; va I 1an luot bang 0, ta co:

OAA :—2 Z o )Rt +T2(m) +Z Z o ) R +TZ( ) +TI R, =0
ieON lEON ieOM IEOM

OAAT _ i 2( )R.t +Tzn:(1.)R.+i Z(I )Rt +TZ( )R + Tl Ry =0

aIQj m=1 am o i=1 < l m=1 am M

i=1 i=1
ieON ieON ieOM lEOM
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Chia ca 2 vé cho T ta ¢c6

n

_i 1; (IPim)Ri'tm +i i (IPim)‘Ritm

a Asau m=1 ;e m=1 i:l n n
AAT _ N oM 0 (T Ry D7 (1) R, + 1Ry =0
o T o o
M n M n
—; le (Tom )Ryt +; Z (Tom ) Rit,,
aAa? — eon o #2 (1g) R+ Y (I )R, + 1 Ry =0
o icom ioN
M
Z (IPim )tm Z (IQim )tm
Dat: [ =2l va, =2l
T T
Ta co:
(IPn)Rl - Z (IPi) R,
n n n n i=l i=1

= 2Ly R+ D (1) R+ 1y Ry = D7 (1) R = 3 (1) Ry = 1 =% = o (2.7)

icon icom icon icom foop

NEEINES

= Z (IQJ)Ri +_Z (I@) R +1g Ry = Z (Ioi)Ri _,Z (IQi) R = 1g =" R = (2.8)

icon icom icon icom toop
Nhan xé&t:

1. C6 thé s dung k¥ thuat bom vao/rat ra luong cong suat khong doi trong thoi
gian khao sat vao nhanh c6 khoa dién mo MN; 1a Ip; va Io; (j=1...K). Luc nay, bai
toan tai cu tric ludi theo ham muc tiéu cuc tiéu ton that dién nang dugc thay b:;ing
bai toan tim gia tri dong dién Ip; va Ig; bom vao va rut ra tai khoa dién mo (khong
phu thudc vao t, (m=1...M)) dé cuc tiéu ton thit dién nang.
2. Trong thyc té dong dién bom vao/rat ra c¢6 gia tri rdi rac nhung ta gia thuyét 1a
lién luc dé co thé léy dao ham. Nén Ip; va Iy tim dugc dé ton that dién nang nhé
nhat c6 thé phu hop véi thyc té.
3. Str dung phuong phap giai tich toan hoc ta tim AP,;, dé AA i
< MBO ta toan hoc khi chuyén tai trén mét LDPP c6 1 DG két ndi

e Truong hgp DG dat sau khoa dién mé MN nhu hinh 2.3
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[ 9] I I AI. . E; _
1 S
———— +
| | Ml l 1 N
Ipj, g

Hinh 2.3: So d6 LDPP mot vong ¢6 DG dit sau MN

Tén that dién ning la.

AA o = i Z (Lo 129 )Rt + i Z (Tgm ~ 129 VR .t + i Z (I VR .,
= = =
M n n
20 Y (o) Rty + 2 D (L) Rty + 2 D (L YR, ., (2.9)
m=loises ™=l oM ™=l iom
M n M n M n
A=Y Z(Iﬁm_m_lpj)zRi'tm*Z Z(I@m_lgz_l ) i m*Z Z( Pim PJ) Rit,+ Z(Ioim_lczi)zRi'tm
™ e ™ i ™ ™l
M n
2 2 (1) 1m+2 Z(le+l IRt +Z Z(m) L +Z Z( o) Run (210
! izg)M 1eOM 1eOM 1eOM

Ta thiy, vé mit toan hoc dé c6 AA™ 13 nhé nhat sau khi chuyén tai, ta 14y dao ham

riéng theo Ip; va Io; 1an lugt bang 0.

AAW_—% Z( om0 =15 ) £ Z Z( o 1oy ) R, m+2 Z(Immﬂ )Ritm+i (1) Ryt =0 (211)

pJ m=l i=l 1m111 m=l i=]

ie0C ieOM
AASau
Z Z( an—Ton =1y Rit,, Z Z(Qm )thn+§; Z( om g )thm+2( o) Rt n=0  (212)
ie0C ieCN ieOM

Tuong duong

DAAT X bG SRS S
ol . - _Z Z (Ile IPm )'Ritm + Z Z (IPJ)'Ritm - Z Z (Ipim) .Ritm

2 m=tiZoc m=tiZoc metoizen
M n M
+ > (1) R, +Z z (I ) R t,, +Z > (1) R+ (I;)Rynt, =0
mhTen "= oM " oM me!
OAA™™ Moo 6 Mo Mo
o, = —Z} Z (IQim —IQm) Rt Jrz1 le (Ig) R t,, —Z} Z (Iom ) Rit,,
i m=1 1= m=1 i= m=1 =
M n ° M n o C]\Ij[
+Z:: Z (1) R t,, +Z::l Z (Lo ) R t, +zl le (Ig) Rit, +Z::l (Ig;) Rynt, =0
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Chia ca hai vé cho T va

M M M M
Z (Ile )tm z (IQim )tm z (IQim )tm Z (lPim )tm
Dat:l, =@t - [ =Zm=l . (PG _m2t . PG _m=l
n T oo T T w T > m T
Ta co:
aAAsau M n G M n
a __Z Z( Pim IPm)‘Ritm_z Z P1m Rt +z Z P1m R +( PJ) Rloop m =O (213)
Fi mel IEOC mel :EICN el :EIOM
GAAsau M n M n M n M
X 2 (Tom=Tom) Ritu =20 D2 (Tom) Rt 2, D% (Lo ) R+, (Ig ) Rt =0 (214)
o " e ™ L SV m
Ta co:
Z (Ipi—IE“).RiJri:Zln: (IN).Ri—; (I,;)) R, Z (IDC)R
le — ie0C ie;Nloop ieOM — lph _ e0C R]“p (215)
D (o) R+ 3 ()R- X ()R X ()R,
_ ieOC icCN icOM _ _ieoC
IQi - Rloop - Iqh Rloop (216)
Y (LOR, = Y (IR, S (IR, = > (IR
i=1 i=1 i=1 i=1
_ ieON icOM _ ieON icOM
I, = R (2.17) I, = R (2.18)

Trong (2.17), (2.18): Ipy, Igh, 1d dong dién bom vao va rut ra tai khoa MN dé ton that
dién niang bé nhat trong truong hop tai cdu trac khong c6 DG. Ip; va Iy 1a dong dién
bom vao/rat ra tai khoa mé MN dé ton that dién niang bé nhat khi tai cau tric c6 DG
dat sau MN.

e Truwong hgp DG dat truwéc khoa dién mé MN nhu hinh 2.4

: —t—>
(o] A

o i

|

—> —
M ovl
Ipj, iy

Hinh 2.4: So @6 LDPP mét vong c¢6 DG dat trudc MN

= L
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Tén that dién ning 1a.

M n
SSRED D (L RS o Y (L0 9 s USS  0

+ZM: Zn: (1 le) itm ZM: Zn: (Lo + Lo )2Ri'tm + ZM: Zn: e )ertm (2.19)
m=1 i=1 m=1 i=1 m=1 i=1
ieCM ie0C ie0C

A=Y P11 R+ Y Sl R D 31 1, R+ D) (1 1y R

N N i i
+Z; Z( o —I20 4T )Ktm+zll Z( o= +IQ)K.tm+mZ:1: Z(Im) t+§ Z( ) wtn  (220)
ie0C

Cuc tiéu ton that dién nang, 1dy dao ham AA™ theo ij va IQj ta co:

aAAsau M n M n M n D(’
I D (Tgm-1 )thm+z. (Igm +1g Rity + 2 Z(IQ ~Ton 1 R 1n+ ( o Rt (222)
9 N ™ aom ™ e o

Chia c4 hai vé cho T va

. (I . > (g > (159 ), > (1),

DatI _—, [ —m=L : [P — m=1 : PG — m=l

T < T o T " T

z (lPi)Ri - Z (lPi)Ri + z (IIE)G)Ri Z (IEG)Ri

i=1 i=1 i= i=1
.. = ieON ieOM ie0C =1 ie0C 2’23
. Rloop . ! Rloop ( )

z (IQi)Ri - z (IQl)R + z (IDG Z (IBG)Ri

i=1 =1 i=1
I = ieON ieOM OC — I ie0C 224
o Rloop o " R]uop ( )

z (IPm)R z (IPim)Ri z (IQim)Ri - z (IQim)Ri

i=1 i=1 i=1

1 — 1eON ieCM 225 1 — icON ieCM 226
o Rloop ( ) ar Rloop ( )

Trong (2.25), (2.26): Ipy, Iy, 14 dong dién bom vao va rat ra tai khoa MN d ton that
dién niang bé nhit trong trudng hop tai cu tric khong cd DG. Ipj va Io; (2.23),
(2.24) 14 dong dién bom vao/riit ra tai khéa mo MN dé ton that dién nang bé nhat
khi tai cAu trac ¢6 DG dat truée MN.
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Xét mot LDPP don gian gom c6 mdt vong va ba may DG Hinh 2.5 (01 khoa mo

dé dam bao van hanh hinh tia) va cic mdy phat dién phan tan 1an luot lip tai A, C

va L. Dong dién nhanh trén LDPP hinh 2.6 dugc bicu dién. ., =1, +1,

A B C Iq

devdevrvederveneheronnbervenh,

+--F----- §----- 3 ] I | T — london
é Qs

| I |
g ey = i -....|_1=|_ Ip
L '-@ M N H IPansen
Hinh 2.5: LDPP hé ¢c6 3 DG Hinh 2.6: Dong dién nhanh trén LDPP
AA‘“’"C = i i (Ile Il?/sm Il?gm) Ri'tm +i i (Ile Igim Iggm) R t + z z ( Pim Iggm) Ri’tm
= = " hac
+i Zn: (Ile Iggm) R t + z z Ile i m + Z Z 121m it m + z Z ( Pim Il?LGm )ZRi'tm
" hac " " =
+i i (Ile Igfm) R N +Z Z Ile i m +Z Z Izlm I m (227)
= = = L

DPé mo ta toan hoc ham sb AA, phu thudc vao lugng dién nang chuyén tai hay dong
cong suat chuyén tai, c6 thé st dung k¥ thuat bom vao va rut ra tai khoa dién dang
mo trén nhanh MN cung mot dong dién c6 gia tri 1a Iy nhu hinh 2.7 [1]. Hay n6i
khac, néu dong khoa dién MN va mé khoa NH, s& twong duong véi viéc bom
vao/rut ra tai 2 dau khéa mé MN mét luong dong dién nva 1"

o A B C
| | [

| I é 1 é
el

Hinh 2.7: Dong I"™ va 1™ & khoa MN

AA sau chuyén tai duoc biéu dién nhu biéu thirc (2.28)
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M n M n
AAS'C“J :z _Z(IPim _Il[’xA3m _Igm _Im)zI{itm +Z .Z(IQim QAm QCm IMN) thm +Z z ( Pim )2Ritm
" " "
M n M n M n M n
20 D (o1 T Rty + 2 D (=B RAD Dl T Rty D (I~ + 1 R,
" = & = & =
) Sl IR+ Sl + IR 43 D[, 4D R 2.28)
m=l i=l m=] i=] m=] i=l
ieOL ielM ielM

2.2.1.2. Xac dinh gia tri bom vao va riat ra P, Q; dé ton that dién ning la bé
nhat

Xéc dinh Iy va 1™ dé gid tri AA cua lu6i dién hinh 2.7 dat cyc tiéu thi:

BAA™™ GAA™

—aIII:’lN =0 va —GIMN =0 (2.29)
Q
6AAsau M n oG DG MN M n MN
GIMN :sz AZ(Ile I IPCm _IPm )Ritm+z .Z(IPim PCm 1tm+z Z( Pim -1 )
M n
= > (T T + o R, —Z Z( i+ Lo JR, ~ IRyt =0 (2.30)
m=l =l m=l =l
ieOL ielM

aAAbd“ J DG DG MN S N DG MN
aIMN = 0 = Z Z (IQim - IQ IQCm IQm )Ritm + Z Z (Ile IQCm IQm )Rl tm

=1 m=l i=]
icOA i€eABC

+Z :Z(Qm PN Z Z(Qm Igfm+1g‘;j) St Z; Z(Q,mHMN) IRt =0 (231)
ieOL ieLM

Nhén j vao 2 vé cua (2.31) duoc (2.32)
2312 Y (Tgm =125 — 125, ~ IR+ 7D (L =120, ~ IR, + 5 (Tm — IR,

icOA icABC ieCN

33 (T 150 + DR -JZ (Tgim + I4n R, = ISR\ =0 (2.32)
i=1
ieOL 1eLM

Biéu thirc (2.33) dugc hinh thanh sau khi thyc hién phép cong dai s6 hai biéu thirc
(2.30) va (2.32)

n n

) [(Ipi—lf‘?f —IR8 I ) (T 158 — 158 - IMN)]Ri+ ) [(Ipi—I?g ~I™)+ (1~ 158 — IMN)]Ri
iha hBe
AUdoanOA AUdoan ABC
Z (1 =18+ (0 = 1 TRy ~[1  R TR gy = 3 [ (1 + B) (1 + 1) R,
1e(N AUdoan MN ::}_M
AUdoanCN AUdoanLM

—21: [(IQ,. —I00 I )+ (1 — 100 +IY )]Ri =0

ieOL

AUdoanOL
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Bién doi (2.30)

(230) = )N = RL""p Z LR, - Z LR, |[+— RLDOP Iy Z R, +I}¢ Z R, -I}¢ Z R, [(2.34)
i=1

i=1

ieOM ieON | IEOA 1eOC 1eOL
cong suat tac dung cuatai anhhuongdo cacDG taicacvitriA,C,L
Bién d6i (2.31)
1 n n
23 e IpN = T Z IR, - Z LR, |+ o Iy Z R, +Igc X0 R, —Ig7 > R, [(2.35)
1eOM lEON IEOA 1;%)C i;%)L
congsuatphankhangcua tai anhhuong do cac DG taicac vitriA,C,L
Hay:
n n DG DG n
D (IR =D (LR + 1 ZR +1p0 ZR -Id DR
-1 =1 i=1
I _ ;EOM }EON 1eOA IEOC ieOL
i R
loop
n
DG
ZR +1pe ZR I Y R,
i=l
IEOA IEOC ieOL
=1, + . (236)
loop
. N DG DG DG
2 (o R = D (1 R+ 13 ZR +15 ZR -1 ZR
I _ :Zg)M ;ZEDN 1€OA 1eOC 1eOL
Q4=
Rloop
IDGZR IDGZR _IDGZR
— Iqh + 1eOA 1eOC 1eOL (237)
Rloop
2.2.1.3. Nhin xét

i. Biéu thuc (2.33) mo ta tong sut ap trén tit ca cac nhanh khi phan b cong suit trén
LDPP kin néu ludi thuan tré' (Rynsan >> Xunann)- Piu ndy cho thay gia tri dong dién
L™ va IQMN bom vao va rit ra dé AA tai (2.28) cuc tiéu s& c6 gia tri bang v6i dong
trén nhanh c6 khdéa MN lac LDPP kin va c6 may phat di¢n phan tan DG.

ii. Biéu thic (2.34) va (2.35) cho thay dong I;"™ va Io™™ trén LDPP c6 DG gom 2
phan: anh hudong do cac phu tai va cac thanh phan cong suét phat tac dung va phan
khang cta cac DG bao gém sb luong, vi tri, cong sudt phat. Mtc chénh 1éch nay
cho thiy két qua cua bai toan tai cdu tric ludi c6 xét dén anh hudng cia DG sé khac

biét nhiéu voi bai toan tai cdu trac khong xét dén DG.
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2.2.2. Luéi dién tong quat

2.2.2. 1. Ham AA tong quat c6 nhiéu may phat phén tin

O LPPP don gian khong c6 DG ¢ trén, néu coi dong dién nhanh 11a Ip; va Ig;
(i=1...n) khong doi tai thoi gian xem xét, thi AA trudc khi tai cdu hinh LDPP la:

AN = Z R, (L] +15)t (2.38)
i=1

Khi phan bd lai phu tai, tc 1a chuyén mot luong dong dién Ipjvalg G=1..k, néu
LDPP c6 k vong) tir cdu hinh cii sang cau hinh mdi, ¢6 thé thuc hién téng quat bang
cach: bom vao / rit ra mgt luong dong dién la Ip; va Ig; tai cac khoa dién mo MN;
trén tt ca cac vong ctia ludi dién (hinh 2.9). Goi Aj; 1a chi sb thé hién tuong quan
giita chiéu vong thit j va chiéu phan bd cong suit tai nhanh thi i trong ludi ho: A=
1: khi chiéu vong j cung chiéu véi Ip; va Loi; Ajj = -1: khi chiéu vong j nguogc chiéu
vo1 Ip; va Ig;; Ajj = 0: khi nhanh thir 1 khong thude vong j.

Pé thuc hién trén LDPP nhiéu vong, ta xét ludi co 2 vong nhu hinh 2.8

A B
oo e
Oy L, At
e PR Ll i
IR N

Hinh 2.8: LDPP c6 2 vong kin
Sau khi tai cAu hinh (thuc hién dong tac: bom vao/rut ra tai khoa MN; mot luong

dong dién Ip;, I trong tng), t6n that dién ning ctia LDPP tai hinh 2.8 s& la:

M n ) M 1 2 M 2
AA:Z Z(IPiIn+AiIIle) thm+z=; Z=:1(IQim+AiIIle) thm +Z—‘i (IP1m+Ile) RMNl'tm

m=l  i=l
APNBA o ievong 1 APMN]
M n 2 M n 2
+ Zl Z_l(Ile +AiIIP1m +AiZIP2m) thm + Z—l Z_I(IQJIH +AIIQ1m +AZIQ2m) thm
| AP, MO ievong 1
M n ) M n 2 M 2
+ Z—l Z_l(IPim +AiZIP2m) Rl 'tm + Z—l Z_l(IQm +AiZIQZm) R1 'tm + Zl (Ile +IQ1m) RMN2 'tm (239)
AP ievong2 J APY l

MO2 MN2
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Xét LDPP tong quat nhu hinh 2.9, Ludi dién co L nguén, B may phat dién phan tan.
K vong nén sé& can K khoa md dé dam bao LDPP hoat dong hinh tia. Dé xay dung
tong quat ham ton that dién ning cho ludi dién nhu hinh 2.9, can tién hanh twong tu

cac budce nhu tai LDPP don gian ¢ trén.

Ngudn 1 Ngudén2 Ngudn 3 Ngudn i NgudnT.

Hinh 2.9: LDPP c6 B may phat DG
Vé mit todn hoc, ham AA mo ta ton thét dién nang cua thao tac tai cau trac ludi co
thé mo ta theo (2.40). Liic ndy muc tiéu bai toan 1a di xac dinh v (=1...K) dé
AA cuc tiéu.
M

2 2
AAS = Z(Imm —zL“Bulfflfl —Aijill","jN] Rt +i Z(IQM —ZL:BﬂIglfn -A, ) lg“jN] Rt
1=1 j=1 1=1

m=I i=1 m=1 i=1 j=1
K 2 M K 2 J

Trong do:
Ipi, Igi : Dong thanh phﬁn cua nhanh thtr 1 trong ludi ¢ n nhanh
™ v Dong thanh phan bom vao/rit ra & nhanh c6 khoa mé MN; trong luéi co K
vong
R @ Dién tro cia nhanh ¢6 khoa m¢ MN trén vong thur j
Ay : Chi sO quan hé giita vong j va nhanh i, ¢6 gia tri (-1, 0, +1: twong tng lan luot
1a ngugc chiéu, khong quan hé, ciing chiéu)

p~ @ Dong thanh phan cong suat khang ctia may phat thir 1 trong 1udi c6 L may phat
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(1=1...L)
B; : Chi sb quan hé giita DG thtt | va nhanh i, c6 gia tri (0, +1: twong g lan luot
1 khong quan hé, DG thtr | & phia sau nhanh i tinh tir nguén dén)

biu kién cén d€ (2.40) cyc ti€u theo cac bien s6 ™~ duge bi€u dién bang 2 biu

thirc (2.41) va (2.42)

n

OAA S IR, - ALY

K
{ Pim z Bllll?l(rjn I?’/ﬁN]Ritm = O
j:l

oLt el
((gf—g?:mi I R, —Aijmi_l :1 [I ZBﬂIgﬁ, ;: I&NJRitm =0
Hay:

SIATANZ LR =442 ( pim ZBHL’?& jKl IlﬁﬁNJRi =0 (241

OAA =IYNRMN A 3 I ; B, IPS — A 3 MY IR =0 2.42
oIMN ~Qj i ij £ 1 Qim _IZ:, il QIm ijZ, Qj i = ( . )
Qj 1= = i=

(2.40) ludn dang V j= h, J=1...K va i=1...n dé dao ham cap 2 theo bién dong dién
déu 16n hon 0 va dé dat cuc tiéu ham muc tiéu. Do d6 nd cling luon thoa man diéu

kién dt dé (2.41) va (2.42) dat cyc tiéu theo bién s Ip"; Iy
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2 2 2 2
OIAA_OAA X i, O AA OAA | CAA |
MN2 ~ AyMN2 Z hoo ot olg, GIPJ. olg, 8IPI.
6IPh aIQh m=1 ]
2
2 2 M 2 2 2
= Smr= 2RI e S~ | Spawan | >0
oIyN? oIyt & _ oo EIERETR
0’AA 0°AA 2 2 2 :
ALY T argyaryy Z zv: Agket ZIﬁNAZ * glﬁé aliNAa?MN >0
! ! " Qh Qj on 9o
OPAA  OPAA i X X 2
AN pIMN T GIVNgIMN T 0°AA y 0°AA 0°AA 50
e o oINy® TanyNr | aryNonyy
OAA _ MNh & DG LS
81 :Z IthRh tm Al]’lz Z Pim ZBlllle AUZIPJ Ritm =0
prmel " v =
i#MN
M MNB M n M n K M DG
:z IthRh t +Aihz z (Ile)thm+Aihz z AijZIPj 1aitm-‘_Aihz ) [ Pim ZBllIle
! m ;?th m ;?th 'JI:L m :?th
i=MN i#MN i=MN
M M n K M DG
:Z Ith Rlouptm+A z z AijZIPj thm+AihZ Z (Ile ZBlllle] i 0
" R VY G " v
i=MN i=#MN
L
A|h AUZIP_] R, +A|h (IPi _ZBHIEIG jR|
:e{]\//[l;l? J#]’l :E{I(/[l;\}; =
o1 iv i 2.44
o R.. (2.44)
OAA X MNh Mo 0 L G K
a1 = z thRh _Aihz Z Ile _ZBIIIle AiszQj Rt
Qh m=1 m=1 i=1 1=1 i=1
ieVhh
i#MN
Y DG
4 A'JZIQJ ( ZBHIQI J i
:e{/hh J#h 1E]th
= g, =~ e = (2.45)
RI
oop
DG
(Z Blllpl j
!thh
= Iph — I;r;oc + izMN (246)
Rloop
n L G
D
(Z BI|IQ| j i
}thh !
o= Iy, = I+ —=28 = (2.47)

loop

Rt -

(2.43)
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n n

~A, D AUZIPJ R, -A, > (1R,
;:l}\//lhl\}lz j#L ;el}\//lhl\};
oI = R (2.48)
n K n
_Aih'z AijZIQj Ri_AihlZ (IQi)Ri
L Vi
Igioc — i#MN R i#MN (249)

loop

¢ Ton ™ 12 dong dién bom vao va rut ra tai khéa mé & vong

Trong do: I,
thir h dé t6n that dién ning 1a bé nhat trong trudng hop tai cau tric LDPP khong c6
DG. Ly, Ign 1a dong dién bom vao / rut ra tai khéa mé ¢ vong thir h dé ton that dién
nang 1a bé nhat trong truong hop tai ciu tric LDPP c¢6 nhiéu DG
Trong vong kinh ludn ¢6: 1}_>>AR; L >>AR Vh jh=l.k

eV i€V

Nén ciing ludn thoa man diéu kién du dé (2.40) dat cuc tiéu theo bién sb IMN IMN.

Gia tri I} LIy dugc tinh tir biéu thie (2.41) va (2.42).

AlJzIPl i AijZL:BﬂII]’)lGR AIJZIPI i AijZL:BllIl?lGR

MN = = f— L=l (2.50)
R LoopMN R LoopMN
RN+ AUZ‘Ri
=
n L
DG DG
" AUZIZIQ]R +AUZBIIIQI R, —AUZ;‘I@Ri Aij;BﬂIQ, R,
Iy = i= - K — R];(:OPMN + I_{;oopMN (2.51)
R) +AijZ;Ri
J:
NA .M

@ﬂ'@:( Il RN A > (1, +JIQ)—JZB (31 +1gy AJZIZ(INNﬂIgN)}{ =0 (25
Biéu thirc (2.52) dugc thanh lap khi cong dai s6 2 biéu thic (2.41) va (2.42) sau khi
da nhéan 2 vé cta (2.42) véi j.
2.2.2.2. Nhan xét
i. Cac biéu thuc (2.50), (2.51) va (2.52) cho thdy nhdn xét trén LDPP 1 vong
cling hoan ding cho LDPP phuc tap.
ii. Biéu thirc (2.52) twong ty nhu biéu thuc (2.33) mé ta tong sut ap trén céc
vong doc 1ap thir j gdm tat ca cac nhanh khi phan b6 cong suat trén LDPP kin
néu ludi thuan tré hay Rypsnn >> Xinanh- biéu nay cho théy gia tri dong di¢n



iii.

iv.
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N, I¥N bom vao/rat ra dé AA tai (2.40) cuc tiéu bang gi4 tri dong trén nhanh
co0 khoa MN; luc LDPP kin ¢6 may phat dién phan tan DG (khoa di¢én trén
nhanh MN; ¢ trang thai dong).

Céc biéu thuc (2.50), (2.51) cho thiy viéc bom vao va rit ra dong dién tai 2
dau khoa dién MN tuong duong viéc chuyén tai vé mit toan hoc ctia ham ton
that dién ning [26], nén c6 thé biét dugc hudng chuyén tai cua khoa dién
MN va 1a luong cong suat can chuyén tir nhanh OM,; sang nhanh ON; theo
gia tri cua cac ;N 13" voij=1...K.

Hon nira, gia tri dong dién 1;™, 13" tai (2.50) va (2.51) la cac dai lugng lién
tuc trong khi d6 cac gia tri dong dién chuyén tai chi 1a cac gia tri roi rac (khi
dong khoa MN; va m¢ khéa NH; nao do). Nén rat kho tim duoc mot trang
thai van hanh sau chuyén tai ctia LDPP ¢6 I,"" = 0 va I,V = 0 tai khoa dién
NH; ma chi c6 thé I[N —0 va I — 0. Néu gia tri ctia [0 va Ig"? cang
bé thi vé phai cua biéu thuc (2.41) va (2.42) cang bé hay ton that dién ning
cia LDPP cang tién dén gia tri bé nhat. Tuy nhién, & nhitng gia tri I, " va
IQNHj bé, c6 thé diéu nay chua that chinh xac (vi du LDPP 16 nut)

Trong biéu thirc (2.50) va (2.51), mac do anh hudng cua cic DG 1én dong
LY va IQMN s& tac dong 1én két qua bai toan tai cdu trac LDPP. Hay noi
cach khac cau trac van hanh caa LDPP ¢6 DG sé& khac voi LDPP khong c6
DG khi cing mot muc tiéu cyc tiéu ton that dién nang. Vi vay, voi LDPP
khong c¢6 DG, dong dién phan bd trén cau tric LDPP hd c6 ton that dién
ning bé nhit s& khong khac nhiéu voi dong dién phan bd trén LDPP kin
nhung vé1 LDPP c¢6 DG thi ngugc lai do tdc dong qua lai cia cac DG.
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CHUONG 3
XAY DUNG GIAI THUAT CUC TIEU TON THAT
PIEN NANG

3.1.Giéi thiéu.

Dé tai cau tric ludi dién phan phdi co thé thuc hién bang nhiéu giai thuat khac nhau
véi muc tiéu 1a cuc tiéu ton that cong suit, Khi LDPP chua c¢6 DG thi mot sd giai
thuat dugc st dung va cling da dat dugc mdt s6 két qua nhat dinh, Theo
Shirmohammadi chi c6 nhitng giai thuat Heuristic két hop véi giai thuat t6i vu méi
c6 hi€u qua cao, hién nay cac giai thuat tai cAu trac ludi c6 thé phan lam hai nhom
chinh. K¥ thuat vong cit ciia Merlin va Back dai dién cho giai thuat Heuristic két
hop véi giai thuat ti wu, va K¥ thuat ddi nhanh cua Civanlar dai dién cho ky thuat
thuan Heuristic.

K¥ thuat vong cit c6 wu diém 1a: Pam bao tim dugc ciu trac ludi dién c6 ton
tht cong suat tac dung bé nhat khi tim kiém, tuy nhién ky thuat nay c6 s 1an giai
bai toan phan bd cong suat nhiéu, thoi gian giai lau nén khong phu hop véi ludi
dién 16n va van hanh thuc té. K§ thuat doi nhanh c6 vu diém 1a don gian, ciu tric
sau khi chuyén tai t6t hon ban dau tuy nhién, khong chi ra dugc diém cuc tiéu toan
cuc do mdi bude chi xem xét mot cap khoa dién dong/md, ludi dién sau cung phuy
thudc nhiéu vao ludi dién ban dau.

Chuong nay s€ xay dung gidi thuat Heuristic c6 kha ning tdn dung cac uu
diém va tranh duoc cac han ché cua hai ky thuat trén.

Co sé dé xay dung giai thuit: Trén co so giam ham muc tiéu F

Uu diém cia giai thuat: Khéi luong tinh toan it do chi giai bai toan phan bd cong
suat trong mach kin mdt lan dé xac dinh gia tri cac dong dién bom vao/rat ra cho bat
ky luéi dién nao, $6 vong lap dé dat két qua it, han ché duoc kha nang roi vao diém
cuc tiéu dja phuong, khong phu thudc vao ludi dién khdo sat ban dau.

3.2. Ham muc tiéu
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Nhu trén da phén tich, t6n that dién nang trong LDPP c6 DG la nho nhat khi tat ca
céc khoa déu dong. LDPP ho (hinh tia) toi vu chi ¢6 thé dat duge khi mé khoa k cta
cac mach vong 1am ting ham muc tiéu it nhat, d6 ciing chinh 13 ¥ tuéng cua thuat
toan tai ciu hinh LDPP ¢6 DG. Ta viét lai (2.41) va (2.42) cho mach vong thir j nhu

sau.:

n L
MN vongMN _ | _ DG _
1" R =|=4,> IR +A4,> B, R, |=a,
i=1 i=1
i#j

- Z (3.1

n L

MN vongMN __ DG _
1IN RPN = 4N TR+ A4, BJIER, | = By,
i=1 i=1
' ;¢j

O day opj va PBoj la do tang ton that cong suat ciia mach vong néu ngat khoa j (cho
dong bang 0) so vai ton that cia LDPP kin.

Dong dién I, va Ig™™ xé4c dinh theo (2.41) va (2.42) 1a diéu kién cuc tiéu t6n that
dién nang. Néu lam thay ddi cac gia tri ndy s& 1a gia tri ham muc tiéu ting 1én. Hon
nita, khi [,"" va IQMN cang bé thi murc ting ton thit cong suat s& cang it. Xuat phat
tir y tuong trén, tién hanh dat F = Z[apj2 + BQj2] v6i j = 1..K thi muc ting ton that

dién nang:

F= i[([jﬁjﬂ RNV (1 .R;O”gm)z} _

K
J=1 Jj=1

(PR ) Smin - (3.2)

Ham muc tiéu tai (3.2) 13 ham suét ting AA, goi tat 1a ham F. Tir cic nhan xét &
muc 2.2.2 Cho théy: Trang thai LDPP van hanh hd c6 AA bé nhat néu tim dugc ciu
tric dé ham F trén LDPP hinh tia bé nhat. Boi vi khi ham F ting it nhat s& tuong
duong véi: dong dién bom vao/rat ra tai nhanh c6 khod md MN 13 bé nhét, cho nén
khi m& nhanh nay s& cho muc ton that dién ning bé nhat so véi mo cac khoa dién
khéc. Do do:

NEU I;"™ - 0 va I;"™ — 0 (j = 1..k) THi ham F — 0

NEU ham F — 0 THI AA - AA;,
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Ham F c¢6 cuc tiéu 1y tuong bang 0. Tuy nhién trong thuc té khong thé phan bd lai

phu tai chinh xac nhu (2.41) va (2.42) nén chi phan bd lai phu tai nhanh sao cho F

dat gia tri bé nhét c6 thé. Phuong phap thuc hién dé ham F nho nhat nhu sau:

1.

il.

111

Trong trudng hop LDPP phurc tap ¢ DG, néu gia st & vong thr j ¢6 khoa
m¢ hién trang 1a MN, sau khi da dong cac khoa dién, giai bai toan PBCS;
néu dong bé nhat ciia vong nay khong phai 1a khoa MN (gia thiét dong bé
nhat chay qua khoa NH nao d6), ma do chénh léch dong dién chay qua MN
va NH 16n nhat so voi cac vong con lai thi khi md NH sé& cho muc ting AA it
nhét. Theo nhan xét trén, dé cuc tiéu ham F, ta c6 thé thay thé 1an luot cc
gia tri ijMN va IQjMN bang ijNH va IQJNH bé hon trong cung mot vong j c6 gia

tri dién tré vong 1a R;*" theo (3.3). O day:
wE = (e ) (Y () )= () (1))
= (R MY ) [(1ij )y - (1 )2} (3.3)

Do trong LDPP phirc tap c6 nhiéu vong 1ong nhau nén can tinh cho tat ca k
mach vong doc 1ap. Vong doc 1ap dugc chon mo dau tién 1a vong c6 muc
giam AF nhiéu nhét so véi tat ca cac vong doc lap con lai trong toan LDPP
c6 DG. Trong mach vong doc lap do, khoa dién dugc moé la khod dién co
dong dién chay qua bé nhét trong mach vong doc lap.

Trong 1 mach vong doc lap thir j (gia thiét sau khi dong cac khoa dién dé c6
mach vong), néu khoa c6 dong bé nhat chay qua trang v6i khoa dang mé thi

giit nguyén. Tién hanh m& nhanh nay va tinh muc ting t6n that dién ning.

1v.  Qua trinh 1dp dugc thuc hién dé giam ham F cho dén khi khong con mach
vong nao nira trong LDPP.
3.3. Thuat toan

Thuat toan giam ham F tai cAu hinh LDPP ¢6 DG cho trong hinh 3.1. Pé giam s

lan thao tac trén LDPP va giam bdt khdi lugng tinh toan, trong thuat toan khong

xem xét mo cac khod dién trén nhanh hinh tia (vi khi d6 cac phu tai phia sau khoa

s& khong dugc cap dién); khong khao sat cac khoa dién ndm gan (sat nhit) ngudn
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dién chinh trong cung mdt vong vi n6 luon mang dong dién 16n nén khong phai la
khoa dién sé duoc ma.
Trinh tu cac budc thuc hién nhu sau:

e Xuat phat tir luéi dién kin (dong tat ca cac khod dién hién c6 trén LDPP);
giai bai toan phan bb cong suét trong LDPP kin ¢6 DG, Trinh ty giai: Thay
thé dién khang bang dién trd nhanh twong tmg (do & LDPP R>>X), Dit dién
ap cac ngudn bang nhau vé bién d6 va goc pha, Giai bai toan PBCS trén

LDPP kin.

e Tir két qua bai toan PBCS & budc trén, tinh ham F theo (3.2). V&i mdi vong
doc lap trong LDPP kin s& ton tai mot gia tri ctia ham F (F > 0), khoa dién uu
tién duoc chon dau tién dé ma 1a khoa dién c6 muc ting ham F it nhét (hay
no6i cach khéc: trong tat ca cac vong doc lap, khoa dién ¢ vong thar j nao do
cho gia tri cia F bé nhat s& 1a khoa wu tién dugc mé trude). O bude nay,
trong toan LDPP kin, néu khod c6 dong bé nhat chay qua khong tring véi
khoa dién dang mé (khoa MN) thi khi d6 can xac dinh ham AF theo (3.3),
cap khoa dién nao d6 c6 murc chénh 1éch AF 16n nhét so véi cac vong con lai

s€ duoc uvu tién mo trudc.

e Xac dinh ham F trong cac vong ddc 1ap con lai, néu con cap khoa di¢n &
vong thir j ndo d6 c6 dong chay qua khoa dién c6 gid tri bé nhit tring vé6i vi

tri khoa dang m¢ thi gilr nguyén.

e Tién hanh m& 1an luot cac khoa cho dén khi lugi dién hoan toan hinh tia.
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Giai bai toan phan b cong suit trén LDPP kin ¢6 DG, bo
qua cam khang duong day

v

Xac dinh vong doc 1ap theo dinh nghia ciia LDPP

v

Tinh mrc giam ham F trong tirng vong doc 1ap

v

Chon cép khoa dong va mo trong vong doc lap c6 muc
giam ham F nhiéu nhat

Yes

v

Ham F giam?

Giai doan 1

Mé cac khoa dién con lai co dong chay qua bé nhat

__________________________________________ W----—---—--——--———-—————=

»

Dong khoa dién dang mé va giai bai toan PBCS trén LDPP
¢6 1 vong kin (1 vong doc lap)

v

Mé khoéa dién c6 dong chay qua bé nhét trong vong kin

Mo khoa c6 dong bé

v

nhat tiép theo trong |-

PBCS trén LDPP hinh tia

vong kin

v

Vi pham syt ap va qua

Yes

Yes

tai

Dong qua khéa dang
mo bé nhat

Yes

Thuec hién véi tat ca vong

Giai doan 2

doc lap

S

Hinh 3.1: Luu d6 thuat toan giam ham F dé tai ciu hinh LDPP
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Diéu kign dé LDPP hinh tia:
Can xac dinh cac cip khoa dién dong md twong tmg véi mdi vong doc 1ap, Khoa
dong la khoa dang m¢ ¢ budc trude, khoa ma 1a khoa trén nhanh ¢6 Iy, Io; bé nhat
trong cung mot vong doc 1ap voi khoda dong.
Qua trinh thyc hién giai doan 1 chi phai giai bai toan PBCS mét 1an duy nhat, ¢ xét
mirc giam ctia ham F do tac dong ciia timg cip khoa nén rat phu hop khi sir dung dé
xay dung thuat toan van hanh LDPP truc tuyén. Két qua cta giai doan 1 thyc chét 1a
dang giai quyét lya chon cu hinh t6i wu ctia LDPP khi dang van hanh, tirc 13 cac
khoa dién co san va ¢ dinh trén LDPP. Do d6 két qua LDPP & giai doan 1 c6 thé
chua tring véi két qua tdi uu.
Trong truong hop néu tit ca cac nhanh cia LDPP déu dugc trang bi khod dién, khi
do giai doan 2 cua thudt toan sé cho phép lya chon moét cdu hinh méi, khi d6 cac vi
tri khoa dién dugc chon sé cho muc tang AA it nhat. O day, LDPP hinh tia xac dinh
& giai doan 1 s& dugc kiém tra mirc giam ham F trén timg vong doc 1ap dé tiép tuc
giam AA. O giai doan 2, mirc giam AA khong cao sau mdi 1an chuyén tai, nén chi
c6 tac dung chi ra dugc cau hinh LDPP c¢6 AA bé nhat ma thoi, nhung né mang y
nghia khi van hanh LDPP trong thdi gian rit dai. Sau mdi lan déng/mé mét cip
khoa dién dé giam ham F, bai toan PBCS duoc thuc hién lai trén LDPP kin con lai,
xét ¢ DG. Nh¢ c6 diém khac biét niy ma cac thanh phan dong dién I, va I clia céc
DG dugc xét anh huong 1én thanh phan YN va IQMN con lai trong sudt qua trinh lip
giam ham F.
Thuat toan nay c6 cac dic diém sau:

% V& co ban, thuat toan dua trén y tuong cua Merlin & Back, su khac bi¢t &
day la ham F. Pay 1a ham muc ti€u médi (cdc ham muc tiéu trude day thuong
1a giam tryc tiép ham ton that cong suat, hodc chi don thuan di tim nhanh c6
dong cong sudt bé nhit). Ham F dong vai tro quan trong trong viéc tim ra
chinh xac khoa dién cin mé trudc tién dé cho cau hinh LDPP c6 DG dé AA

tang it nhat.
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Ham F vua xét dugc gia tri ton that cong suét, vira xét dén yéu td dién tro
cia LDPP (R™") va do anh huong qua lai giita cac khoa dién. Pay 1a sy
khac bi¢t so voi thuat toan cua Merlin & Back. B61 vi trong thuc té cac
LDPP hinh tia, cac phu tai cang xa ngudn thi dong cong suat trén nhanh cip
cho tai xa ngudén d6 cang bé va dién trd vong s& cang 16n, diéu nay cd
nghia khi so sanh gié tri ham F khi c6 nhiéu cap khoa canh tranh dé lua chon
cap khoa nao mo trude, cap khoa nao mé sau.

Trong truong hop khoa dién c6 dong bé nhat chay qua khéng trung véi khoa
dién mo hién trang, ham AF s€ chon céc cdp cung vong dé giam tbi da khong
gian tim kiém, nghia 13 vira thoa man LDPP cudi cing s& 1a hinh tia, vira
giam dugc ham F. Nho ham nay da tranh dugc kho khan cia Merlin & Back
cling nhu cac nghién ciru vé sau nay khi sb t6 hop khoa mo qua 16n.

LDPP sau ciing c6 mirc ting ton that cong suat it nhat.

Céc nhan xét trén day s& duoc chimg minh qua vi dy kiém chung trén LDPP

16 nat va LDPP 33 nut c6 DG.



4.1. Luéi dién miu 16 bus
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CHUONG 4

AP DUNG GIAI THUAT TREN LUOI PIEN PHAN PHOI

LDPP 16 nat ¢6 21 nhanh; c6 6 khoa dang md; c6 2 may phat DG do G. Celli dé

xudt tai [26] md ta & hinh 4.1. Dién 4p danh dinh cua lu6i dién 1a 7.2kV. Trong
LDPP ¢6 2 DG cong suét 1an luot 13 450kW (nat 9) va 630kW (nat 13). Qua trinh

tim cdu hinh van hanh dé AP nho nhét (& AA.;,) dugc khao sat trong 2 trudng hop

khong c6 DG va c¢6 DG. Két qua tim kiém cau hinh t61 vu dugc so sanh voi két qua

ctia [26] va ddi chiéu véi trinh TOPO trong PSS/ADEPT 5.0 dé kiém chung wu

diém cua thuat toan.

Bang 4.1: SO liéu nhanh ctia LDPP 16 bus — 2 DG

Tén Tur nat Rihann Tén Tu nat Rihann Tén Tunit | Runann
Nhanh | dénnat | (Q) | nhanh | dénnut (Q) | nhanh |dénnat| (Q)
1 1-2 | 0.4368 8 8-9 0.52 15 | 11-12 | 0.4108
2 2-3 | 0.5148 9 9-10 | 0.3588 16 | 12-13 | 0.286
3 3-4 0.624 10 9-15 | 0.3068 17 5-12 | 0.1976
4 4-5 0.13 11 7-14 | 0.2511 18 6-13 | 0.3276
5 5-6 0.16 12 14-15 | 0.4264 19 | 10-16 | 0.0104
6 1-7 | 0.1058 13 15-16 | 0.1664 | 20 9-12 | 0.3744
7 7-8 | 0.2052 14 3-11 0.364 21 3-7 | 0.1269
Bang 4.2: SO liéu tai cia LDPP 16 bus —2 DG
Nut | P(kW) | Nut | P(kW) | Nat | P(kW) | Nat | P(kW)
1 | Slack [ 5 [ 260 | 9 | 420 | 13 | 360
2] 660 [ 6 | 100 |10 100 | 14| 210
31 80 | 7 ] 80 |11 ] 500 | 15| 440
4 | 400 | 8 | 1000 | 12 | 1540 | 16 | 860
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12 31
Hinh 4.1: LDPP 16 bus c6 2 DG

Qua trinh x4c dinh cau trac van hanh giam ton that dién ning duoc khao sat trong 2

truong hop khong ¢6 DG va co DG.

M@ ti qud trinh tim kién ciu tric lwdi di¢n khi khéng c6 cic mdy phdt DG:

- LDPP hinh tia ban dau cua G. Celli ¢6 cac khoa mo K21, K17, K18, K20, K10,
K19. Tén thét cong suat ban dau dugc tinh béng PSS/DEPT APpangiu = 171.6kW

- Giai bai toan phan b cong suét trén LDPP kin, thuan tré (bo qua cam khang va
dung dan duodng day)

- Tién hanh giam ham F giai doan 1 theo giai thuat dé xuat. Him F giam (AF,=
18342) khi xét vong doc 1ap V, (dong K21 va mé K2). Cac vong ddc 1ap khac
khong 1am giam ham F. Tén thit cong suat luc ndy 12 APgq; = 97.1kW.

- Tién hanh giai doan 2, lic nay cAu tric cia LDPP c6 cac khoa mé 1a: K2, K17,
K18, K20, K10, K19. Lan luot giai bai toan PBCS khi dong timg khoa dang mé
va mé khoa c6 dong chay qua. Két qua nhu sau:
< Dong K2: Vong doc 1ap 1 c6 dong I, bé nhat (41.1A)

s Dong K17: Vong doc lap 2 c¢6 dong I;;7 (30.9A)

< Pong K18: Vong doc 1ap 3 c6 dong I bé nhét (8.1A) = dong K18 mo K16
< DPoéng K20: Vong doc lap 4 c6 dong I, bé nhat (30.5A)

< Pong K10: Vong doc 1ap 5 ¢ dong I;o bé nhit (9.6A)

< Poéng K19: Vong doc 1ap 6 co dong I, bé nhat (11.1A)

- Vay sau giai doan 2, cac khoa md cuia LDPP s€ 1a: K2, K17, K16, K20, K10,
K19, nén ton thit cong suat tlr APy = 97.1kW gidm con APy, = 93.06kW
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Bang 4.3: Qua trinh chuyén tai ¢ giai doan 1 cia LDPP 16 nut khong c6 DG

o mfﬂt eoh Dong Liplan1 Liplan2

, .| dén dién

nhénh| L) [ VI V2 VB Ve[ VS Ve |V v vE | V| V|V
nit kin (A)

L] 12 [osg| 6 1 1 1 1
IEIEEE 1 |1 1

| M [006d 551 1|1 1] 1
TS 1|1 1|1

5| 56 | 01% 129 1 1

6 | 17 [00% 369 1 1 1 1

1|8 |0ms 974 1|11 111
8| 89 | 0% 507 1|11 1] 11
0 | %10 [03%% 103 1 1
I B B
| M4 |0t 716 1|1 1] 1
| 145 |04 618 1|1 1] 1
B3| 1516|0166 347 1 1
| 31| 036 667 1|11 1|11

15 | 1442 | 04108 423 1|11 1|11

6 | 143 | 03 87 1 1

7| s |00 122

| 603 |03 82

0| 1006 oo 56 [ 1 |

0| (03 73 n

0| 3| 120.6 1

Nhanhmahienhtn | 20 | 7 | 8 |0 [0 [ BW (2 |0 [ B | 0|0 |DY
Nhanh oS Imin 2l B[00 {82800

Rloop 11843| 1.1648] 1.7368) 29318 1.7085| 1.9383] 1.1843) 1.1648| 1.7368] 29318) 1.7085| 19383

Micgimgimidr | 1842 0 o o o o o o o o 0 0
Chon khod ddng/ma il)) K&t thiic chuyén tai
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M6 td qud trinh ciia cau tric lw6i dién khi c6 2 mdy phat DG tai bus 9 va bus 13

- LDPP hinh tia ban dau cta G. Celli ¢6 cac khoa mé K21, K17, K18, K20, K10,
K19. Ton that cong suét ban dau duoc tinh bﬁng PSS/DEPT APyna3y = 120.5kW

- Giai bai toan phan bd cong suat trén LDPP kin, thuan tré (bo qua cam khang va
dung dan duong day)

- Tién hanh giam ham F giai doan 1 theo giai thuit dé xuit. Him F giam sau lan
lap 1(AF,= 13437) khi xét vong doc 1ap V; (dong K21 va mé K2, AP, =
67.5kW) va lan lap 2 (AF,=20) khi xét vong doc 1ap V; (dong K18 va mé K3,
AP, = 68.4kW) — Bang 4.4. Ton that dién niang ¢ lan lap 2 tang nhung ham F
giam vi ton that cong sudt chi thue su giam khi biéu thice (2.41) va (2.42) cing
lac bang khong.

- Tién hanh giai doan 2, lic nay cAu truc ciia LDPP ¢6 cac khoa mo la: K2, K17,
K35, K20, K10, K19. Lan luot giai bai toan PBCS khi dong tirng khda dang md
va mé khoa co dong chay qua. Két qua nhu sau:

< DPong K2: Vong doc lap 1 co dong I, bé nhét (33.6A)

s DPong K17: Vong doc 1ap 2 c6 dong [; (21.7A)

< DPong K5: Vong doc lap 3 co dong ;5 bé nhét (11.5A) = dong K5 mo K18,
AP; =67.5kW

< DPong K20: Vong doc 1ap 4 co dong I;s bé nhit (28.2A) = déng K20 mo
K15, APy = 66.4kW

< Pong K10: Vong doc 1ap 5 c6 dong I;, bé nhat (6.7A)

< Pong K19: Vong doc 1ap 6 c6 dong I, bé nhat (1.3A) = dong K19 md KO,
APs = 66.3kW

- Vay sau giai doan 2, cac khoa m¢ cua LDPP s€ 1a: K2, K17, K18, K15, K10,
K9, nén ton that cong Sut tir APy = 68.4kW gidm con APy, = 66.3kW
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Bang 4.4: Qua trinh chuyén tai & giai doan 1 cia LDPP 16 nut c6 2 DG

Tén Tunit | hoh | Ding liplin} liplin? lipfin
ohéh dén () (diEn | VDOV VA VRV Ve W NG N N
[ LD 046 6Ly 1 ! ! l l l
IEIEEE 1 ! 1 !
POMOJ00 03 1)1 1)1 11
L4 ng 11 1] 1 1|1
IEICE ! 1
§ L1008 1 1 l 1 1 l
T8 8l 1111 1111 L1
RNy 111 1111 L1
DL 0 13 ! l l
[0 005 03068 11 n
([ ) T 00 599 11 1)1 11
(1|16 048 500 11 1)1 11
1| 136 | 01664 304 1 1 l
[0 ] 036 53 1111 1111 111
(5 ILD 0408 28 11171 111 1]
[0 |43 08 97 1 1 1
(1|30 [0 10 n
[f |66 |03 32
[0 | 1006 001 99 n
MREE: 1| 1|
B ! n
Nmhmotiénhis | 0 0 (BN D 9 2 O|®[D 0|82 TS0 0D
Knéh ca min /AN VT T A 2 T A O I R
Rloop 11043 1.1648) 1.7368) 25318 1.7095) L9383 L1843 L1edd| L7368 29318 LS| L9%83) LIGAR) LIG48) L72gE) 29318 LI0%| 1383
Micgimpatidr |27 oL® o o 4 0 o W oo 0 4 4 O 0 0 o °0
Chon khod dong/ma il 13fs Kétthicchuyéntai
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M@ ti qud trinh ciia cdu triic lwéi dién khi c¢6 1 mdy phdt DG tai bus 9

LDPP hinh tia ban dau cua G. Celli ¢6 cac khoa mé K21, K17, K18, K20, K10,
K 19. Ton that cong suét ban dau duoc tinh bﬁng PSS/DEPT APy,n43, = 166.9kW
Giai bai toan phan bd cong suit trén LDPP kin, thuan tré (bo qua cam khang va
dung dan duong day). Tién hanh giam ham F giai doan 1 theo giai thuat dé xuat.
Ham F giam sau lan lap 1(AF,= 13006) khi xét vong doc 1ap V, (dong K21 va
md K2, AP, = 89.8kW) — Bang 4.5.
Tién hanh giai doan 2, lic nay cAu tric caa LDPP ¢6 cac khoa md 1a: K2, K17,
K18, K20, K10, K19. Lan luot giai bai toan PBCS khi dong timg khoa dang mé
va mé khoa c6 dong chay qua. Két qua nhu sau:

< Poéng K2: Vong doc lap 1 co dong I, bé nhét (33.6A)

s Pong K17: Vong doc 1ap 2 c6 dong 17 (30.9A)

< Pong K18: Vong doc lap 3 c¢6 dong I;s bé nhat (8.1A) = dong K18 md

K16, AP; =85.8kW
< Pong K20: Vong doc 1ap 4 c6 dong 1,5 bé nhat (28.2A) = dong K20 mé
K15, AP, = 84.0kW

% Pong K10: Vong doc 1ap 5 co dong I bé nhat (12.1A)

% Pong K19: Vong doc 1ap 6 co dong Iy bé nhét (1.3A) = déng K19 mé

K9, APs = 83.7kW

Vay sau giai doan 2, cac khéa mé cua LDPP s¢€ la: K2, K17, K16, K15, K10,
K9, nén ton that cong suat tir APyq; = 89.8kW giam con AP, = 83.7kW
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Bang 4.5: Qua trinh chuyén tai ¢ giai doan 1 ctia LDPP 16 niit ¢6 1 DG tai nat 9
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e | ™ g
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8| W | 0% 36 111 111
RTINS T 1 1
0 ] o Joos] 11
I RATRTIIE 1|1 1] 1
0| 115|048 501 1|1 1] 1
B | 1546|0166 304 1 1
| 30|03 532 111 111
5| 12 (0408 298 111 111
6| 25| 0286 97 1 1
1| (0w 10
| 66 (038 32
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M ETRTEIT Y
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MG ti qud trinh ciia céu triic lwéi dién khi c¢é 1 mdy phdt DG tai bus 13

LDPP hinh tia ban dau cua G. Celli ¢6 cac khoa mé K21, K17, K18, K20, K10,
K 19. Ton that cong suét ban dau duoc tinh bﬁng PSS/DEPT APyna3y = 125.2kW
Giai bai toan phan bd cong suit trén LDPP kin, thuan tré (bd qua cam khang va
dung dan duong day)
Tién hanh giam ham F giai doan 1 theo giai thuit dé xuat. Him F giam sau lan
lap 1(AF,;= 14405) khi xét vong doc lap V; (dong K21 va mé K2, AP, =
74.3kW) va lan lap 2 (AF,=4) khi xét vong doc lap V; (dong K18 va mé K5 -
AP, = 75.2kW) — Bang 4.6. Ton that céng suit ¢ 1an lip 2 ting nhung ham F
giam vi ton that cong suat chi thue su giam khi biéu thuce (2.41) va (2.42) cing
lac bang khong.
Tién hanh giai doan 2, lic nay cAu truc ciia LPPP ¢6 cac khoa mo la: K2, K17,
K35, K20, K10, K19. Lan luot giai bai toan PBCS khi dong tirng khda dang md
va mé khoa c6 dong chay qua. Két qua nhu sau:

< Poéng K2: Vong doc 1ap 1 co dong I, bé nhét (35.5A)

s DPong K17: Vong doc 1ap 2 c6 dong I; (21.7A)

< Poéng K5: Vong doc 1ap 3 co dong 15 bé nhat (11.3A) = déng K5 mo

K18, AP; =74.3kW

< Pong K20: Vong doc 1ap 4 c6 dong I, bé nhit (23.5A)

< Pong K10: Vong doc 1ap 5 c6 dong 1o bé nhat (9.6A)

< Pong K19: Vong doc 1ap 6 c6 dong 1o bé nhat (11.1A)
Vay sau giai doan 2, cac khéa m¢d cia LDPP s€ 1a: K2, K17, K18, K20, K10,
K9, nén ton that cong suét tir APyq; = 75.2kW giam con Ap,g, = 74.3kW
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Bang 4.6: Qua trinh chuyén tai ¢ giai doan 1 ctia LDPP 16 ntit ¢6 DG tai nat 13
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Bang 4.7: Két qua khao sat trén LDPP 16 nut

DG1-bus 9 | DG2-bus 13| Ghi
Stt Khoi mé AP (KW) PP
(KW) (KW) chii
1| 2.89.1516,20 | 11471 |G- Celli[26] 0 0
Khong
2 TOPO 0 0
2,17,16,20,10,19| 93.06 6 DG
3 12,17,16,20,10,19| 93.06 | OTdexuat 0 0
4 12,810,15,18,20 | 76.1 | G. Celli [26] 450 630
Co ca
. 0 450 630
5 12,17,18,20,10,19 | 66.3 TOP > DG
6 | 2,17,18,15,10,9 66.3 GT dé xuat 450 630
7 12,8,10,15,16,20 | 102.6 | G. Celli [26] 450 0 DGl
lam
8 |2,17,16,15,10,9 | 83.7 TOPO 450 0 .
viéc
va
9 | 2,17,16,15,10,9 83.7 GT dé xuat 450 0 DG2
nghi
10| 2,9,10,15,18,20 | 829 | G. Celli [26] 0 630 DGl
nghi
11 12,17,18,20,10,19| 743 TOPO 0 630 w
DG2
12| 2,17, 18,20, 10,9 74.3 GT dé xuét 0 630 lam

viéc

4.2. Lwéi dién 33 nit

Hinh 4.2 mo6 ta LDBPP 33 bus co lép thém 3 DG tai cac nut 16, 22, 30 voi cong suét
DG phat 18n luéi lan luot 13 250kW, 250kW va 500kW do [30] b sung tir LDPP 33

cua Baran [24], thong s6 luédi va phu tai dugc trinh bay tai phu luc 4.2 Qua trinh tim

kiém tai cau tric ludi dién giam ton that cong suit tac dung bang giai thuat heuristic

dé xuét duoc tom tat tai phu luc 4.3, chi tiét qua trinh tim kiém dugc néu tai phu luc

4.3.
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M@ ti qud trinh tim kién céu tric lwéi dign khi c6 3 DG

LPPP hinh tia ban dau [30] c6 cac khod md K33, K34, K35, K36, K37. Ton that
cong suat dau duoc tinh bé“mg PSS/DEPT Appandsu = 110.5kW.
Giai bai toan phan bd cong suit trén LDPP kin, thuan tré (bo qua cam khang va
dung dan duong day)
Giam ham F giai doan 1 theo giai thuat dé xuat. Him F giam sau lan lap 4.
% Lan lap 1: Vong ddc 1ap V; dugc chon: dong K35 va mo K9 co6 AFs;=
29425, AP; = 83.778kW
% Lan lap 2:Vong doc 1ap V, duogc chon: dong K34 va mé K14 co
AF,=2395171, AP, = 84.1kW
% Lan lap 3: Vong doc lap V4 duogc chon: dong K36 va md K32 co
AF,=9114, AP, = 83.65kW
% Lan lap 4: Vong doc 1ap V; duogc chon: dong K33 va mé K7 co
AF,=8560, AP, = 73.56kW
Tién hanh giai doan 2, lic nay cAu tric caa LDPP ¢6 cac khoa mo 1a: K9, K14,
K32, K7, K37. Lan luot giai bai toan PBCS khi dong timg khoa dang mé va mé
khoa c6 dong chay qua. Két qua nhu sau:
< Pong K9: Vong doc 1ap 3 c6 dong Iy bé nhat (0.5A)
s DPong K14: Vong doc 1ap 2 c6 dong 114 (1.0A)
% Pong K32: Vong doc 1ap 3 c6 dong 15, bé nhat (3.8A)
< DPong K7: Vong doc lap 4 co dong I; bé nhat (3A)
< Pong K37: Vong doc 1ap 5 c6 dong 137 bé nhat (4A)
Vay sau giai doan 2, cAu trac cia LDPP khong ddi, cac khoa mé 1a: K9, K14,
K32, K7, K37 nén ton that cong suét tir APy, = AP, = 73.56kW
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- LDPP hinh tia ban dau [30] co cac khoa mo K33, K34, K35, K36, K37. Ton that
cong suit ban dau duoc tinh bang PSS/DEPT APyugie = 164.65kW
- Giai bai toan phan bd cong suat trén LDPP kin, thuan tré (bo qua cam khang va
dung dan duodng day)
- Gidm ham F giai doan 1 theo giai thuat dé xuét. Ham F giam sau lan lap 4.
% Lan lap 1: Vong ddc lap V; duge chon: dong K35 va mo K9 cd AF;=
10886, APy = 123.1kW
% Lan lap 2: Vong doc 1ap V, dugc chon: dong K34 va mé K14 co
AF,=6102343, AP, = 128.876kW
% Lan lap 3: Vong doc 1ap V4 dugc chon: dong K36 va mé K32 co
AF4=3815, AP, = 128.06kW
% Lan lip 4: Vong doc lap V; duoc chon: déng K33 va mé K7 c6
AF=2965, AP, = 112.74kW
Bang 4.9: Qua trinh chuyén tai & giai doan 1 ctia LDPP 33 nut khong c6 DG
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- Tién hanh giai doan 2, lic nay cAu tric caa LDPP ¢6 cac khoa mo 1a: K9, K14,

K32, K7, K37. Lan luot giai bai toan PBCS khi dong timg khoa dang mé va mé

khoa c6 dong chay qua. Két qua nhu sau:
< Pong K9: Vong doc 1ap 3 c6 dong Iy bé nhat (3.5A)
s DPong K14: Vong doc 1ap 2 c6 dong 14 (4.3A)
% Pong K32: Vong doc 1ap 3 c6 dong 15, bé nhat (0.7A)
< Pong K7: Vong doc 1ap 4 c6 dong I; bé nhat (4.5A)
< Pong K37: Vong doc 1ap 5 c6 dong 137 bé nhat (16.1A)

- Vay sau giai doan 2, ciu trac cia LDPP khong ddi, cac khoa mo 1a: K9, K14,
K32, K7, K37 nén ton that cong suét tir APy, = APy, = 112.744kW

4.3. So sanh két qua véi giai thuit khac.
4.3.1. LDPP khong c¢6 DG

Cau trtc ludi sau cung cua giai thuat dé xuat dugc so sanh véi nhi€éu phuong phap

khac nhau trong viéc giam ton that cong suat tac dung. Bang 4.10 trinh bay két qua

ciu tric ludi cia LDPP 33 bus khong c6 DG dugc so sanh voi két qua cua Srisak

[30], va két qua ctia cong cu TOPO trong phan mém PSS/ADEPT 5.0

Bang 4.10: So sanh két qua tai cdu triic ludi dién phan phdi mot nguon

S 1an thao tac Srisak TOPO Giai thuat
[30] PSS/ADEPT 5.0 dd xuét 01
1 350 oo
2 00000 Sau khi str dung trinh TOPO tai cAu 000
tric LDPP ton that cong suat 1a nho
3 00000 nhét 0QQo
4 0QQoo
K. mé& 33,34,11,32,27 37,7,9,14,32 37,7,9,14,32
AP sau cling 122.965 112.74 112.74
AP (%) 25.3 31.5 31.5
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Bang 4.11: So sanh két qua tai cdu tric ludi dién phan phdi 3 DG

Sb lan thao | Srisak [30] TOPO PSS/ADEPT 5.0 Giai thuat dé xuit
tac
AP ban dau 110.5kW tinh bang PSS/ADEPT
1 350101 Sau kl}i st dung trinl} TOPO oood
2 00000 tai cAau truci LPPPWton }hat 00 a0
cong suat la nhé nhat —
3 00000 0QQoo
4 0Qoo
K. mé 33,34,9,32,28 37,7,9,14,32 37,7,9,14, 32
AP sau ciing 81 kW 73.56 kW 73.56 kW
Giam AP (% 26.67 33.4 33.4

4.4 TAI CAU HINH LPPP CO DG TRONG VAN HANH TRU'C TUYEN

Bai toan tai cau hinh ludi dién dang “ offline” dung dé danh gid cau hinh van hanh,

thiét ké va xac dinh vi tri va loai khoa dién trén LDPP. Trong khi d6 bai toan tai cdu

hinh “truyc tuyén” dung dé van hanh LDPP va doi hoi phai str dung thong tin vé du

bao phu tai va DG. Thut toan tai ciu hinh bang viéc str dung ham G d néu phu hop

véi bai toan tai cau hinh truc tuyén do c6 toc d6 tim kiém nhanh va dan thing dén

cau hinh t61 wu. So d6 khoi cac budce lya chon tinh toan trong van hanh truc tuyén

LDPP ¢6 DG cho trong hinh 4.3.

Db

ao phu tai,

Céiu hinh

hién hiFu

Giii bai tosan Céau hinh
tai ciu hinh [re— giﬁm AA
oidm AA

_l_l
M@,
1

Khang tai cau

Tai cdu hinh

"'—I

Dir liéu tai, dir liéu nguén DG, ciu hinh

Hinh 4.3: Bai toan van hanh tryc tuyén LDPP c6 DG
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Trong hinh ndy, gia thuyét c6 mot d6 thi phuy tai theo thdi gian t va coi cong
sudt trong timg gid 14 hoan toan xac dinh, dd biét thong tin du bao phu tai va cong
sudt DG ¢ thoi diém sau 0, luc ndy diéu do vién can quyét dinh xem c6 nén chuyén
khoa dién trong thoi diém tiép theo hay khong khi phy tai va DG thay doi. Van dé
nay dugc quyét dinh khi so sanh mot cach chi tiét giira “chi phi” va “ loi nhuan” thu
duogc khi thyc hién thao tac phan bo lai phu tai.

Ham d¢ 1éch chi phi C; dugc dinh nghia nhu sau:

CL=C, (Khong phan b lai phu tai) ~ Cp (C6 phan bo lai phu tai)  (4.16)
Trong do:

C, = naT.C, + 2C,.t,AP" =na.T.C, +AC,
Véi:
+ C; 1a gid thanh dién ndng (d/kWh)
+ Cy 1a chi phi phan bd lai phu tai ()
+ n1a sé luong khéa tham gia vao qua trinh phan bé lai phu tai
+ala ty 1& phu tai 3 pha so v6i tong cong suat phu tai khi bj anh huong do mat dién
trong qua trinh phan bo lai phu tai (kW)
+ T 1a thoi gian phan bd lai phu tai nhanh (h)
+t; 1a gio thir i cia do thi phu tai dién hinh (h)
+ ACy 12 chi phi ton that dién ning (d).
Khi ham C; dwong, nghia 1a khong phan b6 lai phu tai thi c.AA s& 1én hon chi phi
phan bb lai phu tai, luc d6 diéu d6 vién s& phan bd lai phu tai va nguoc lai. Hinh
3.10 sé& hd trg diéu d6 vién lua chon phuong an c6 phan b6 lai phu tai hay khong khi
van hanh LDPP ¢6 DG. Tai thoi diém t, (gdc 0), ton that cong suit c6 gia tri AP,,
gia dién 1a ¢, thi lwong chi phi ton that s& 13 AC, = co. AP,.t, (gia thiét cong suét
trong timg gio khéng d6i). Trong hinh 4.4, chi phi ton that dién ning chinh bang
dién tich hinh tam giac OMG. Khi phan b6 lai phu tai, s& mat mot luong chi phi 13
n.a.Cy, ( chi phi Cy ¢6 thé tam 13y bang 10 1an gia ban dién). sau khi tai cau hinh
LDPP, ton that cong suét trén LDPP ¢6 gia tri APg,, , do d6 dién tich hinh thang
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OAEM s¢ 1a chi phi ton that dién nang sau khi thuc hién phan bb lai phy tai. Gia tri
nay phu thudc gié tri AP trude va sau khi phan bd lai phu tai, phu thuoc dong dién

trén nhanh va dong dién bom vao LDPP cua DG.

A d ti-t

A
Chiphikhi 0 - ™M t AP
thiee hié v
ph;r:bé'?l];i APromic

phu tii
A_ - ~ N
D E | 1 2 3 4
APy
G AP

Hinh 4.4: D4 thi lua chon phuong &n van hanh truc tuyén LDPP
Dé quyét dinh co thay doi cdu hinh LDPP ¢ gio tiép theo hay khong khi cong suét

DG va phu tai thay d6i, truéc hét cAn du doan cip khoa dién s& dugc dong/md, didu
nay duoc thuc hién nho du béo tai va DG. Tiép theo 1a viéc danh gia loi ich thu
duoc néu thyc hién phan bb lai phu tai theo (3.16). O day dién tich AOMG va hinh
OMEA tinh nhu sau:
Somg = 0,5.0M.MG = 0,5.(t;+-t;).C. APyse-(tivi-t) = 0,5.c. APy .(ti1-t;)".
Somea = Somna T SANE
=n.a.T.C.(tir1-t;) + 0,5.c. AP (tici-t) .(tis1-t) = (tisr-t)[n.a. T.C + 0,5.c. AP}.(tis1-t;)
— C1 = Somg - Somea= 0,5.¢. APyyge (tis1-t)” - (ti1-6)[.8.T.Cic+ 0,5.. APy (tis1-6)
= (tis1-t)[ 0,5.c. APyyge -(ti1-t;) - n.a.T.C+ 0,5.c. APgy.(tis1-t)
= (tir1-t)[ 0,5.c.(ti+1-t)( APyuge - APgay) - n.a.T.Cy ]
D@ thay:

CL > 0 khi ACy; = [(0,5/n).c.(tis1-t)( APyyse - APg)] >a.T.Cy  (4.17)

CL <0 khi ACy = [(0,5/n).c.(tis1-t)( APgyse - APg)] <a.T.Cy  (4.18)
Nhu vay sb cip khoa tham gia vao LDPP cang nhiéu s& 1am vé trai cua (4.17) va
(4.18) cang nho, vi¢c phan bd lai phu tai khi d6 s€ c6 lgi va nguoc lai. Tuy nhién,

thuc té cho thdy viéc chuyén cip khoa dau tién ( cip khoa thtr nhat), thi AP thudng
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giam nhanh nhat, dén khi chuyén cip khoa thir I, hiéu qua giam AP thudng khong
cao bang nhu hinh 4 4.

Trong bai toan van hanh LDPP truc tuyén, khi c6 su thay doi cong suit trén
luéi thi qua trinh ndy duge tinh toan dya trén chinh biéu dd phét cua DG va biéu dd
phu tai theo gio. Biéu db nay co thé 1a biéu d6 ngay dién hinh ciia cdc mua, bicu do6
phat hoic tiéu thu trong pham vi ngdy dém... Boi vi vé ban chit, bai toan tai cdu
hinh LDPP duoc dat ra 1a do c6 su thay ddi ché do (cong Sut phu tai va cong sudt
DG). So d6 c6 ton that AP nho nhét véi phu tai hién tai nhung s& trd thanh khong tbi
wu & ché d6 phu tai tiép theo. Can thay d6i cdu hinh cho t6i wu véi ché d6 tai méi.
Do d6 qué trinh lya chon nay dugc tién hanh trén co sé tinh toan hiéu qua giam AP
nhiéu nhat hodc chi phi tén that dién ning (c. AA) bé nhét theo dd thi két hop gitta
ngudn — DG — tai, thé hién & cac phuwong 4n khac nhau nhu bang 4.12

Bang 4.12. Tong hop cac phuong an van hanh cta ludi dién khi c6 DG

Gio | Congsuat DG | Cong suat Cong suat Chi phi ton that | T6 hop diém
thr nhat, kW | DG tht n, kW | phu tai, kW | dién nang, c.AA, d mo
1 PDGI -1 PDGI -n Pptl APl Ml
2 1)DGZ -1 PDG24 -n PptZ APZ M2
24 PpGaa-1 PpG24n Pyia APy M4

Véi cac DG 1a pin quang dién thi cong suat phat cua chang phy thudc vao
cudng do buc xa ning luong mit troi & cac thoi diém trong ngdy. Cong suit phat
ciia DG nay thuong dat cuc dai vao cic gid budi trua va bang 0 vao budi tbi. Do6i
v6i cac DG 1a tuabin gi6, cong suit phat cta chiing phu thudc hoan toan vao tdc do
gi6. Thong thudng, toc do gié s& 10n nhat vao cac thoi diém tir 14h dén 18h hing
ngay, khi d6 cong suat phat xap xi cong suat dinh mirc. O céc thoi diém khéc, cong
sudt tuabin gi6 thuong kha thip khoang 30% cong suat dinh mirc [4]. Vi cac DG la
diesel hay DG c6 sir dung nhién liéu thi cong suat phat ctia chung c6 thé diéu khién
duoc, chi phu thudc vao nguén nhién li¢u.

Véi cac DG 1a thiy dién nho (TPN) db thi phat cia ching phu thudc vao
ngudn nude & cac mua (mua kho, mia mua). Cong suit ciia DG nay thuong dat cuc

dai trong suot mua mua, cuc ti€éu vao mua kho. Do d6 véi cac TDN khong cé ho
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chtra, cac tuabin gid hay pin quang dién khong c6 b tich trir di¢én nang ching sé€
dugc huy dong t6i da cong suat ¢ thoi diém co thé phat cong sudt cyc dai va ¢ cac
gid cao diém. véi cac DG c6 tich trir dién ning s& phat theo co quan diéu do dia
phuong hoic theo loi ich ctia nha dau tu. Bang 4.12 cho thiy: néu két hop dd thi
phu tai v6i do thi phat DG s& c¢6 to hop rat nhiéu diém mo trén ludi dién. chang han
xét DG 1a TPN van hanh trong mua khé va mua mua trong nim, nhu vy s& c6 dén
48 t6 hop diém mo ( 24 t6 hop cho mua kho va 24 t6 hop cho mia mua) Gmg véi do
thi phu tai ngdy va dién hinh d6 thi DG trong mdi mua. Néu thuc hién thao tic dong
cit theo to hop diém mé nay sé& cho két qua mot ludi dién hinh tia ¢ muc giam AP
t6t nhat. néu cong suat DG khong thay doi nhiéu trong ngay (hay mua) va dd thi
phu tai & mdi ché do khong khac nhau nhiéu thi mét sé t6 hop diém mé may nay s&
c6 thé tring nhau, diéu nay cho phép giam bét sd diém mo trén ludi. Néu trong
cung mot ché do ma cac t6 hop diém mo khong trung nhau, khi d6 hodc c6 thé thao
tac dong mé lién tuc hodc s& phai chon mét to hop diém méi dién hinh cho ca ché
d6. Ché do lua chon phai co ton that AP bé hon so v&i to hop con lai, khong vi
pham chét luong dién ap cua ludi. Néu do thi phu tai va ctia ngudn DG trong
khoang thoi gian T cia tat ca cac phuy tai trén LDPP c6 thé chia 1am M khoang nho,
tai mdi khoang nay gia thiét c6 M gia tri “ ngudn gia tudong”. Do d6 tai thoi diém
thet m ( m=1...M), dong dién trén nhanh thir I c6 gid tri Ipmin va Igmin (i=1....n)
khong doi nén ludi dién c6 ton thit cong suit la:
n n
AP, => I, R, + > I, R, (4.19)
i=1 i=1

Khi d6 ton that dién nang cia LDPP trong thdi diém khao sat T (T =Y tm) la:

AA = iAPm t, :f ( nl I, R, ]zm + i(zl I; .Rl)tm (4.20)

=1\ i=

Véi (3.20) s& xac dinh duoc chi phi ton that dién ning & bang 3.7, gia tri ndy s& 1a

co s dé lua chon cdu hinh LDPP ¢6 mic chi phi ton that dién nang bé nhét.
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4.5. KET LUAN

Chuong nay da xay dung dugc biéu thirc vé anh huong ctia DG dén bai toan tai cdu

hinh LDPP dé murc ting AP it nhat. Him muc tiéu F dugc dé xuit thanh lap, véi

ham muc ti€u nay, cAu hinh mot LDPP dugc dam bao cé AP bé nhét c6 thé, thé hién

duoc anh huéng cia DG dén phan bd dong dién trén cac nhanh caa LDPP. Ham F

1am nén tang cho bai toan tai cau hinh LDPP c¢6 DG dé giam AP va img dung rat tot

cho van hanh tryc tuyén. Két qua nghién ciru cho théy:

R/
0’0

*0

Ngudn DG c6 anh huong 16n dén phan bd dong dién trén toan LDPP, do d6
sau khi két ndi DG thi viéc tai cdu hinh LDPP 1a hét strc quan trong nham
dam bao LDPP ¢6 DG c¢6 mirc ting AP it nhét so véi LDPP kin.

Véi cac DG c¢6 cong sudt thay d6i manh theo mua nhu TDN, biéu thtic (2.40)
va thé hién rat rd diéu nay. Do d6 cAu hinh LDPP sau khi két néi DG can
thay d6i mot cach phu hop dé c6 mire ting AP 13 it nhat so vi LDPP kin.

Bai toan tai cau hinh LDPP c6 DG thuong rat phu hop véi cac DG sir dung
may dién dong bd va co cong suit on dinh trong khoang thoi gian du dai
(theo mua) nhu thuy dién nho, biomass... khi d6 viéc tai cu hinh dé giam AP
s& ¢6 y nghia kinh té 1 rét. Cac DG khac: tuabin gid, pin mit troi... thudng
khong phat cong suit Q nén khi d6 ngudi ta quan tdm dén viéc dam bao on

dinh dién ap cho ching nhiéu hon.

Vé mit thuit toan:

K/
0‘0

*0

Mo ta dugc anh hudng cua DG dén phan bd dong dién trén cac nhanh cua
LDPP. M6 ta dugc anh hudng cua tat ca céc cap khoa dién ¢ trang thai mo
dén sy thay doi AP trén toan LDPP. Viéc tinh toan ham F khong phic tap va
nhanh chéng hon viéc tinh truc tiép AP. Viéc ap dung ham F cho phép chi ra
duoc cdu hinh sau cing c6 murc ting AP it nhét so véi luéi kin, do ¢ sy so
sanh ham F ¢ tat ca cac vong doc lap trén toan LDPP.

Do tinh chit giam gia tri timg budc ctia ham F, nén co thé phat trién ham nay

dé giai quyét cac bai toan tai cdu hinh LDPP ¢6 DG nhu: xac dinh cau hinh
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LDPP van hanh truc tuyén, bai toan khoi phuc CCD, can bang tai va han ché
s6 lan phan bd lai phu tai.

% Thuét toan d& xuit phu hop voi phuong thirc van hanh truc tuyén LDPP ¢
DG trén co s& so sanh d6 1éch c.AA véi chi phi dong cat. Khi ¢ thong tin vé
du bédo phu tai DG, cling nhu ty 1¢ % phu tai cong nghi€p va thoi gian phan
b lai phu tai s& giup diéu do6 vién dién luc co6 quyét dinh thay doi cau hinh

LDPP hay khong.
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CHUONG 5
KET LUAN VA DE XUAT

5.1. Két luan
Do dic diém cau tric caa LDPP thuong c6 dang mach vong nhung van hanh hinh
tia nham vira thoa man céac chi tiéu k¥ thuat vira dam bao dugc chi tiéu vé kinh té.
DPong thoi n6 cling dam bao cung cip dién cho nhiéu loai tai, sy thay doi lién tuc
ctia dd thi phu tai, va nhu cau phat trién mo rong cua ludi dién.
Bai toan tai ciu trac LDPP duoc dua ra v4i nhiéu muc tiéu khac nhau nhu: Cuc tiéu
chi phi van hanh, cuc tiéu ton that trén ludi, nang cao kha nang tai cua ludi dién,
vv... va dugc cac nha khoa hoc trong va ngoai nudc nghién ctru va ap dung mot
cach hi¢u qua.
Luan vin nay tiép can bai toan tai cu trac ludi dién phan phdi c6 DG véi muc tidu
giam thiéu ton that dién ning (giam ton that cong suat) trén ludi dién. Giai phap tai
ciu trac LDPP duoc giai quyét boi giai thuat heuristic két hop véi viée kiém chimg
két qua bang trinh TOPO trong PSS/Adapt. Muc tiéu 1a dé giam thiéu chi phi
ngung cung cap dién cho khach hang véi cac rang budc 1a tat ca cac diém tai phai
dugc cung cép dién va hé théng dugc két ndi theo mach vong nhung van hanh theo
hinh tia.
Pé tai d3 hoan tit muc tiéu va nhiém vu dit ra, cac két qua nghién curu déu duoc
kiém chimg trén cac LDPP mau dé so sanh cac wu khuyét diém véi cac giai thuat
hién co.
Tir két qua cia viée ap dung giai thuat vao LDPP mau va so sanh voi két qua thuc
hién véi mot mot sd giai thuat cia cac tac gia khac ta théiy:

- Tbng murc giam ton that cong sut tic dung 1a nhod nhét (dé AA i)

- Thoi gian tinh toan nhanh.

- Giai thuat Heuristic 1a giai thuat manh, c6 kha niang tng dung vao thuc té dé

giai quyét cac bai toan tai cAu trac ludi giam ton that dién ning, giam ton

that nang lugng, cac ham muc ti€u khac nhu can bang cong suat gilta cac
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tuyén day, khoi phuc luéi sau su cd, ham da muc tiéu, tinh kha thi cao khi ap
dung cho lu6i dién phan phdi tai Viét Nam.
- Két qua cia gidi thudt phit hop véi bdi todn vdn hanh ludi dién triec tuyén
5.2 Nhitng han ché va dé xuat hwéng phat trién ciia dé tai
5.2.1 Nhitng han ché
Mic du hoc vién da hét sic ¢d ging trong viée tim hiéu, hoc héi.., nhung do thoi
gian ciing nhu kién thirc ¢6 han nén luan vian khong tranh khoi thiéu sét v6i nhiing
han ché sau:
- Chua viét chuong trinh ap dung giai thuat vao mot LDPP thyc té c6 nhiéu
nut tai, nhidu ngudn cung cap va ciu trac phic tap hon.
- Tinh toan ludi dién bo qua dién khang cua duong day.
- Khong xét dén cac yéu tb tac dong cia moi truong vao ludi dién.
- Chua xem xét dén anh hudng cua cac phan tir bao vé cho hé thdng dién nhu
cau chi, dao cach ly, may cat....va cac phan tir khac nhu thanh gép.
5.2.2 Dé xuit huwdng phat trién cia dé tai
Tiép tuc xay dung bai toan tai cAu trac ludi dién theo ham da muc tiéu trong truong
hop van hanh tryc myén va van hanh chéng qua tai su cd, hoi phuc ludi dién sau su
cb.
- Xem xét bai toan tai cAu trac LDPP v&i nhiéu ngudn chinh cung cap.
- Tiép tuc nghién ctru 4p dung vao van hanh luéi dién tryc tuyén
- Nghién ctru sir dung cac giai thuat khac két hop dé rat ngan hon nita thoi
gian va khong gian tim kiém.
Sau cung, mic du da hét sirc cb ging, song do thoi gian nghién ctru va trinh d6 con
han ché, luin vin chic chin c6 nhiéu thiéu sot, rat mong nhan dugc cacy kién dong
g6p cua Hoi Pong, Quy Thay C6 va cac Ban Hoc Vién dé luan vin ting thém gia tri

khoa hoc va thuc tién. Xin chan thanh cam on.
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PHU LUC 4.1

Thong so6 luéi dién 16 bus ciia G Celli

Bang 4.1.1: Thong s6 nhanh

R I L Bl s AT B e P
1 1-2 0.4368 8 8-9 0.52 15 11-12 0.4108
2 2-3 0.5148 9 9-10 0.3588] 16 12-13 0.286
3 3-4 0.624{ 10 9-15 0.3068] 17 5-12 0.1976
4 4-5 0.13] 11 7-14 0.2511] 18 6-13 0.3276
5 5-6 0.156[ 12 14-15 0.4264 19 10-16 0.0104
6 1-7 0.1058] 13 15-16 0.1664 20 9-12 0.3744
7 7-8 0.2052] 14 3-11 0.364] 21 3-7 0.1269
Bang 4.1.2: Thong so tai tai cac bus
Nat | P(kW) | Nat | P(kW) | Nat | P(kW) | Nat | P(kW)
1 | Slack | 5 260 420 13 | 360
2 660 6 100 10 100 14 210
3 820 7 800 500 | 15 | 440
4 400 8 1000 12 1540 16 860

So d6 ludi dién 16 bus 2 DG cdng suat 450kW (niit 9) va 630kW (nit 13)
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Hinh 4.1.1. So dd ludi dién 16 bus 2 DG

Bang 4.1.3: Két qua tinh toan.

o AP DG1-bus | DG2-bus Ghi
Stt Khoa mo (kW) 9 13 chi
(kW) (kW)
1 2,8,9, 15,16, 20 114.71 0 0 Khoéng c6 DG
2 1 2,8,10,15, 18,20 76.1 450 630 Coca2 DG
3 | 2,8,10,15,16,20 102.6 450 0 DGI lam viéc va DG2 nghi
4 12,9, 10,15,18,20 82.9 0 630 DGI1 nghi va DG2 lam viéc




PHU LUC 4.2

Thong so6 luéi dién 33 bus ciia Srisak

Bang 4.2.1: Thong s nhanh

Bang 4.2.2:

Tir Bus |Dén Bus| R(Q) | Bus |Tir Bus|Dén Bus|R( Q)
1 1 2 0.0922 | 20 20 21 0.4095
2 2 3 0.493 | 21 21 22 0.7089
3 3 4 0.3661 | 22 3 23 0.4512
4 4 5 0.3811 | 23 23 24 0.898
5 5 6 0.819 | 24 24 25 0.8959
6 6 7 0.1872 | 25 6 26 0.2031
7 7 8 0.7115 | 26 26 27 0.2842
8 8 9 1.0299 | 27 27 28 1.0589
9 9 10 1.044 | 28 28 29 0.8043
10 10 11 0.1967 | 29 29 30 0.5074
11 11 12 0.3744 | 30 30 31 0.9745
12 12 13 1.468 31 31 32 0.3105
13 13 14 0.5416 | 32 32 33 0.3411
14 14 15 0.5909 | 34 8 21 2
15 15 16 0.7462 | 36 9 15 2
16 16 17 1.2889 | 35 12 22 2
17 17 18 0.732 | 37 18 33 0.5
18 2 19 0.164 | 33 25 29 0.5
19 19 20 1.5042
Thong s6 tai & cac bus
Bus | P (kW) | Qc(kvar) | Bus | Qu(kvar) | P (kW)
2 100 60 18 90 90
3 90 40 19 90 90
4 120 80 20 90 90
5 60 30 21 90 90
6 60 20 22 90 90
7 200 100 23 90 90
8 200 100 24 420 420
9 60 20 25 420 420
10 60 20 26 60 60
11 45 30 27 60 60




12 60 35 28 60 60
13 60 35 29 120 120
14 120 80 30 200 200
15 60 10 31 150 150
16 60 20 32 210 210
17 60 20 33 60 60

So dd lwdi dién caa Srisak ¢6 3 DG nut 16, 22, 30 véi cong suat DG phat 1én
lwéi 1an lwgt 1a 250KW, 250kW va 500kW

Substation
1
_1_@
79
18 Tz‘.@
-9
T5_® T=®
@ L JE
O L e
e T © =2
£l Yoo IE9 1
| 250 kW TW | TE. I
| Jr @ | JC®__
| ) 19
———————— = :I:T 3 !
3 _IF:@, 4: TE—@ 500 kW
T Load T:g : :f-é@
— — Tie switches TE— — T; @3
@ Sectionalizing switches T-“I_—®@150 kW :
Distributed generation Tl_" |
— (@3 |
T|_ ________ |
s
Hinh 4.2.1. So d6 luéi dién 16 bus 2 DG
Bang 4.2.3: Két qua tai cau tric.
Khong c¢6 DG Co6 DG
So lan thao tac | Srisak [30] |So6 lan thao tac | Srisak [30]
1 35> 11 1 3559
2 36 —> 32 2 36 > 32
3 37 —» 27 3 37 —> 28
K. mo 33,34,11, 32,27 K. mo 33,34,9, 32,28
AP % 25.3 AP% 26.67




PHU LUC 4.3
Bang 4.3.1: Két qua giai thuit dé xuit khi luéi dién 33 bus khong c6 DG

#n | Tiv | aén | Rnh | Dong Lap 1 Lap2 Lip 3 Lip4 Lip5
mhanh | nit | nit [ (@) |Hn@A) | vi(ve|va|va|vs|wvi|ve|lva|va|vs|wvi|va(va va|vs vi|va(va|wva|vs|vi|va|va|Vva| Vs
N1 1 | 2 |00e22] 1953

N2 [ 2 [ 3 | oaes] 1303] 1 1 [HIERE [HIERE NERE INIENE

N3 | 3 | 4 |o03881] 587 1 1 IR R RN RN
N4 | 4 | 5 | 038N 52| 1 1 R R R AR
NG | 5 | 6 | 0818 489] 1 1 R R R AR
NG | 8 | 7 |o041872] 188[ 1 N [HIERE HERE HEEE INIENE

NT | 7 | 8 [o7115 EIE IBIE [HIEBE HIERE [HIEBE T

N [ 8 [ o [1o2me] 19 IHE IHE IHE N NI

NO 9 [ 10| 1044 1.5 [HERE

Nio | 10 [ 11 [oaee7] 1 [HERE 1 11 N 1] 1
NIRRT 4 [HERE 1 K 1 1 4

niz | 1z [ 13 | 14s8] 134 1 1 1 1 1 1 1

N3 | 13 [ 14 | osaE] 104 1 1 1 1 1 1 1

N4 | 14 | 15 |ose0s| a3 1 1 1 1 ER Ea [ 1|

NiE | 15 | 16 | 07462 14] 1 1 1 y 7

N1E | 16 | 17 | 1.2880 11 1 1 1 y 1

N7 | 17 [ 18 | oTaz]  ea 1 1 1 y 1

NiB8 | 2 | 19| 0164 508 1 1 L I RN 1Tl tlr ]

N1S | 19 | 20 | 1.5042] 552] 1 1 111 111 11 11 1]

N20 | 20 | 21 | 04095 506] 1 1 111 111 11 11 1]

N2 | 21 | 22 [o708s| 254 1 N IR P T

N2z | 3 [ 23 [ 04512 67 1 1 1 1 ]
N23 | 23 | 24 | oass| 627 1 1 1 1 p
N24 | 24 | 25 | 08958 429 1 1 1 1 p
N2s | 6 | 26 |o2081] 274 N B N T g T
N26 | 26 | 27 |o2s42] 243 N B N T g P
N7 | 27 | 28 | 1.0s89] 213 N B N T g P
FRIEREIEEEEEEE 1 B T 1 T 1 P
FEEEREIEEDEE 1 1 ] 1 p

Nao | 30 | 31 |oomas| 18 1 1 ] 1 p
FHEREIESEEEE 1 1 1 ] 1
FEEREER 0.1 1 1 1 y EN |
EENIEENE 05 208 1

N3 [ @ [ 15 BIEEE nn 1 ) nn 1 1 ]

M35 | 12 | 2 2] 207 1 K [HERE [HERE

Nig | 18 | 33 HIER y p

N37 | 25 | 29 05 181 nn nn n n
Knéa mé hign hitu N33 |N34 |N35 |N36 [N37 |N33 |Na4 |NG N3 |N37 [N33 |N14 [NG [N36 |N37 |N33 |N14 [N |N32 [N3T N7 |N14 N9 |N32 |N3T
Knéa cd | min N7 N8 |N9 |N32 [N37 N7 |N14 |Ng  NB2 |Na7 [N7 |N14 NS [N32 |N37 |N7 |N14 [Ng |N32 [N37 N7 |N14 N9 |Na2 |Na7
Rioop slglzlzlglalE|z2l2|elalEl22|gl|alEl2l2|glelE2|2/2 8

E= =] @ =1 (= = - @ = (= £ = @ o =1 = =l @ = =1 = = @& @ k=2
B2 2 = 5 ] g @ r w [~

Mukc gidm ham F § g g %‘ o § g o § < § o |e g o § o |lo|lo |ol|loe|lo|e|le |
X&p hang a2 14|31 |a]2]afl2]|3|3]1]|3])]2|a|3]3|3|3]3]|3]3]s
Knéa dongimé N35/ N9 N34/ N14 N36 / N32 N33 / N7 Két thitc chuyén tai

Cac khoa mé 1a: K9, K14, K32, K7, K37 nén ton thit cong suat tir APgq; = APyq, =

112.74kW



Bang 4.3.2. Két qua giai thuat dé xuit khi lwéi dién 33 bus ¢6 3 DG két ndi

#n | Tir | dén | Rnh | Déng Lap 1 Lap2 Lap3 Lap 4 Lip 5

mhanh | nit | nie | () | KA | vt | v2{va|va{vs|wvi|v2 valvalvs|vi|va|valvalvs|Vi|va|valvalVvs|vi|Vve va|Vva|Vs
N[ 1 | 2 [oos22] 163

N2 [ 2 [ 3] odea] 12+ 1 [HERE HERE BERE 'RIEEE

M| 3 | 4 | 03661 49] 1 1 IR R AR
Ne | 4 | 5 | 038N 42 1 1 AR R AR RN R
N5 | 5 | 6 | 0819 391 1 1 AR R AR
ne [ 6 | 7 [oasr2] 132] 1 HIERE BERE 'BERE I

NT [ 7 [ s Jors] 3l o 1 [HERE HERE BERE 11

N [ 8 [ 9 [102m8] 114 1 1] N 11 T

nNe | o [ 10| 104a] o9 1

N0 | 10 [ 11 [oaes7| 33 1 1 1] 1 1 T
N1 [ 11 [ 12 [0a744] 5 1 1 R T 1 T

N12 12 1 13 1463 105

N13 13 | 14 | 05418 7.2

N14 14 | 15 | 0.5809 0.5

N1& 16 | 16 | 0.7462 6.9

N16 16 | 17 | 1.2888 137

N1T 17 | 18 | 0732 10.7

N18 2 19 | 0164 46.8] 1

N19 19 | 20 | 1.5042 423] 1

N20 20 | 21 | 0.4005 T o

N21 pal 22 | 0.7089 14.4

N22 3 23 | 04512 517

NZ3 23 | 24 | 03898 52.9

N24 24 | 25 | 0.8959 A

N25 [ 26 | 0.2031 231 1 1 1 1 1
N26 26 27 | 02842 201 1 1 1 1 1
N27 | 27 | 28 | 1.0889 17 1 1 1 1 1
N28 28 25 | 0.8043 14.2] 1 1 1 1 1
N29 29 30 | 0.5074 17.4] 1 1 1 1 1
N30 30 31 | 09745 16.3] 1 1 1 1 1
N3t | 31 | 32 | 0.3105] 85 1 1 1 1 1
N32 | 3z | 33 | 03an1| 29 1 1 1 1 EN |
N33 | 8 | 2 05 104 q 1
N34 | 9 | 15 2| 87 nn 1 1 1 1 1
N35 | 12 | 2 FIREE [HERE [HERE K [HERE
N3G | 18 | 33 2 8] 1 1
N3T | 25 | 29 05| 98 nn nn n
Khia mé hign hibu N33 [nNa4 [nas [n3s [Na7 [Na3 [maa [N [nas [na7 |nas [mi4 [ne [nas [wa7 |mas |14 [ne [n32 [Na7 [N |14 |ng [naz [nar
Knda cf | min N7 |Ne o [ng [Na7 |N7 |n14 [na N3z [na7 |n7 |nta [ne [naz [Na7 [Nz [nt4 [ne [nB2 [Na7 [N [N14 |ng |naz [NaT
[==} = — =] (=] =l [==} o =l o @ =l o =+
@ 2 = @ & ] @ o @
Mc giam ham F Elzglgl8|=|B|lg|=|2|=|B|=|=|2|=|E|=|o|=|=|=|=]|=|=]°
s
Xép hang alaf{alz2|s]a|1[af2|alz]ala|1|a]lz]ala[a|[a]ala]ala]|s
Knhéa dongim N35 / N9 N34/ N14 N36 / N32 N33/ N7 Két thiic chuyén tai

Cac khoéa mé 1a: K9, K14, K32, K7, K37 nén ton that cong suét tir APy = APy =
73.56kW



Cac buoc 1ap 6 lwdi 33 bus ¢c0 DG

Mo k33, k34, k35, k36, k37

= — L. oaA
S5lclel|s " o
o |8l E|E < c|c
o Clm|E|w = E' (g'
g g |&|2|%|2 - o | o
o ~m y .
g e |S|=5|E2] 5 |9|E
loopl | 554 |33|21| 9|8 [11,552.36) 2 |
loop2 | 6.22 |34[13|9 |2 (6374563 |2
loop2 | 1039 |35|21|9 | 2 [47,170.53| 1 |\ 3 2 1 4 Két thuc
loopd | 1540 [236|3 [32|0|213314|a | ®
loops | 666 |37]18|28/18] o000 |[s5]@
0
K33->K7 K34->K9 K35->K9 K36->K32 K37->K37
< —
g w 2
SlElo|n , v
S8R % |¢|. bong k35 va mo k9
o Llw|<|-m — m- | «m
& s |&|2|s|2| = |&|2
. = = s ~m
S r z|Z|lz|= 5 |28
Loopl 5.54 33121 9| 8 [11,552.36| 2 it
Lloop2 | 13.37 |34|13|14| 2 |29,516.51| 1 g
Loop3 35-39 3 2 1
Loopd | 18.20 |36| 3 (32| 0|298260| 3 | &0
Loops b.66 37|18 | 28| 18| 0.00 4 g
: L2
K33->K7 K34->K14 K9->K9 K36->K32 K37->K37
< — b . N
ERE bong k34 va md k14
A= -
T G| E|E = g e
o = -m | = | -m = E <g-
g s |&E|2|&|2 - 0| =
S = |Z|=2|5|=| & |¢|E
loopl | 554 [33]|21| 9|8 |11,552.36] 1 |~
Loop2 34 ->14 2
Loop3 35->9 e 1 2
loopa | 1818 36| 3 [32| 02972982 | ®
loops | 6.66 |37|18[28[18] o000 [3]|@
0
K33->K7 K14->K14 K9->K9 K36->K32 K37->K37
Z = ﬂ 4 Pong k33 va mo k7
S| &leln
o8| Ele|l = 2| c
o cl|lm| €. - o | «@
oo o Slel|l5|e = Jc::_ =
§ | 2 2|52 5 |83
Loopl 33->7 ™
Loop2 34-»14 2 1
Loop3 35->9 @
loopa | 1818 [36] 3|32/ 02972981 | ®
loops | 6.66 |37|18|23]18] o000 |2 |3

K7->K7 K14->K14 K9->K9

K36->K32 K37->K37

Dong k36 va mo k32

< <




PHU LUC 4.4

Tai cau tric LPPP sir dung PSS/ADEPT 5.0

4.4.1. Dix liéu cac phan tir luwéi dién

Phan mém PSS/ADEPT 5.0 cung cdp diy du cac cong cu gitp ngudi sir dung mo
phong ludi dién can tinh toan. Xem thanh coéng cu diagram dudi day, ta thdy céc
phan tir lu6i dién duoc md hinh hoa gom:

1. Nuat Source.

2. Nut tai: Gom tai tinh va tait MWh
3. Line
4. Switch
5. May bién ap
6. bong co dién: Gom dong by, khong dong bo
7. Thiét bi bao v¢: Relay, Recloser, Fuse,...
8. Song hai.
9. Thong s6 dau vao cho bai todn do tin cay.
Show/Hide I s Protection Text
ow/Hi ransformer ource Equipment Annotations
Show Grid Show
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" v 4 » I /1

k¥ g (|l = [ 4 & T & @ GO dEFDEA L
4 A ™
\ -~ ", ,I h ! II _.":
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Rotate ' Node Node  Node |MWhLoad | Filter
Rotate -90° Series Capacitor/ Induction  Standard Knee
Rotate +30° Reactor Machine Fault Paint
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Hinh 4.4.1.1 Hinh dang cac thanh cong cu trong PSS/ADEPT



4.4.2. SO liéu cin chuén bi
S6 liéu nhap vao nat ngdn: Hinh 4.4.2.1

Cac gia tri dién trd, dién khang thhr tu thuan, nghich, zero,...
Source Properties X

Main | Harmonics | Static Load Properties X

Name Node: NODET Main | Hamorics | DRA |

GIGUDG---l Mame |IGEkyl Mode: NODEZ2
Type IS'.-.'ng vl
Type I{:cnstant power VI Goups...l Categnnesl

Mominal voltage (k) 7.200 | LM
Scheduled voltage (pu of nominal) I‘I.EE " Balanced ¥ Grounded-wye

fas o de " Unbalanced " Delta

— Impedance
Base rating (k\/A)

P (k) Q (lovar)
Total I‘I 00.000 IED. 000

Fhase B

Positive sequence resistance {pu on source kKA base) |0.00700

Positive sequence reactance {pu on source kWA base) |0

Zero sequence resistance (pu on scurce KVA base) |3.31333

Phase C

— Grounding | dance

Resistance ID Reactance ID

[V Visitle | Resuits

¥ In senvice

Zero sequence reactance (pu on source kVA base)

Grounding resistance (Ohms)

Grounding reactance (Ohms)

v Visible V¥ Results System Base (KVA) 1000

¥ In senice i I o] | SEp |

’TI Cancel | Help |
Hinh 4.4.2.1 Sé liéu ntit ngudn Hinh 4.4.2.2 S6 liéu nt tai

S6 liéu nhép vao nut tai. Hinh 4.4.2.2
S6 liéu nhap vao thiét bi déng cit: Hinh 4.4.2.3

Tén vi tri dat, dong dinh muc,...
Switch Properties

Node Properties =X

From Node: NODE3a Name IIIEE Groups...l

Mame
ToMNode:  NODE3
Phasing ° Base voltage (Kv) [7.200 «| LM
. Groups...
Swatch ID I _I Diescription
Constuction type  [USER -] I
r~ Ratings (A}
1 2 3 4 Fositian Type
J100 J120 J140 J120

w |'2'? & Bushar
£ Poi

I Tie switch L P Faint

Connection circuit I

Fatation |90 deq.

r Status TOPO Status—

¢ Open  Locked Label configuration I vl
% Closed % Unlocked
¥ Vistle ¥ Resutts
¥ Visble ¥ Resuls ok | Cancel |

[ ok | camc | Hep |
Hinh 4.4.2.3. S6 liéu thiét bi dong cat Hinh 4.4.2.4. S6 liéu nut




S6 liéu can nhap vao nut: Hinh 4.4.2.4

Tén vi tri dat, dién 4p dinh muec,...

S6 liéu can chuin bi nhap vao doan day: Hinh 4.4.2.5

Tén doan, sd pha, chiéu dai, dong dinh mtc, loai dy, théng sé dudng day,...

Line Properties ﬁ Analysis Options X
Main | Hamorics | DRA. | | Load Fiow | Short Circuit | Motor Starting | Reparts | CAPO | TOPO | DRA | -Haln?nrl_csl
~Voitage T Rating Limits MiwH Load Lineanzation —
MName Lined?! From Node: MNODE3 Branch rating index 1 |- ® [y T
Phasng  [aBC <] Tollvis  [LoliEks Hgh [ME = Pu| | Loading 0 % | | @ Linsais by Goup
=
Line length [T Goups...' low 055 2 PU| b actoriit 02 BFacir [0855
_ [~ Create PS5/Engines hub fie
Construction type IUSEF{ ‘I e — ¥ Apply scake factor
P nee * Percent difference between max and min phase voltage
Positive sequence resistance (ohme/unit length) ID_4512  Pescent difference n maxand a o
Positrve seguence reactance {ochms/unit length) ID " Ratio of negative-sequence to positive-saquence voltage
ol
Zero sequence resistance (ohms/unit length) ID_4512 e R R T A
. 5,
Zero sequence reactance (chms/unit length) ID flGRacak v Ra o (K2
Pos. sequence charging admittance (pS/unit length) ID - Cunent Unbalance
Zero sequence charging admittance (pS./unit length) ID— 9 e e T S R AR
" Pescent difference between phase and average phase cument
r— Ratings (A} " Ratio of zeso-sequence to positive-sequence cument
1 2 3 4 " Ratio of negative-sequence to posiive-sequence cument
280 300 320 340
I I I Cument upper imit (5 _Ij %
¥ Visile [V Results
¥ In senice K | Cancd | Hep |

[k ] _concel | Hep | Hinh 4.3.2.6. S6 lidu gi6i han U, 1
Hinh 4.4.2.5 S6 liéu doan day
S6 liéu chuén bj cho giéi han dién ap, dong dién trén LDPP. Hinh 4.3.2.6.
4.4.4. TOPO Analysis: Tinh toan diém dirng tdi wu
Bai toan TOPO (Tie Open Point

General | Load Flow | Short Circuit | Motor Starting | Reports | CAPO TOPO | DRA | Hamnonics |

Optimization) s€ phan tich, tinh todn, s

Selected rating index: 1

dinh hinh hé thong hinh tia dé c6 ton that i

[ Base

cong suit tac dung nho nhat, dong khoa
dé hinh thanh mang vong trong hé thong,

tach riéng dién khang trong mang vong

va gidi h¢ thong dién, md khoa mang

vong v6i dong nhé nhat. TOPO thuc

hién cho dén khi m¢ khod ciing giong

nhu dong khoa.
Hinh 4.4.4.1. Bat tuy chon cho TOPO



Dat cac tuy chon cho bai toan TOPO

Chon Analysis>Options, chon Tag TOPO, ta ¢6 hop thoai. Hinh 4.4.4.1

Khi ta chon Consider branch overload limits, TOPO s& tinh toan cho tat ca céc
nhanh qua tai truéc d6. Trong hop thoai Option nay, ta c6 thé chon nhitng db thi
phu tai ma ta can tinh toan (d4 tao trong Category).

Tinh toan TOPO

Véi mot ludi dién hinh tia ban diu, TOPO s& dong mdt khod dién trong tap céc
khoa dién md dé tao thanh mot mach vong kin. Mot bai toan phan bd tdi wu cong
suit s& dugc thuc hién trén mach vong nay dé xac dinh viéc mé khoa nao 1a tot nhit
va chuyén mang dién trd vé lai dang ludi dién hinh tia. Qua trinh nay s& két thic
cho dén khi xét hét khoa dién trong tip cac khoa dién mé, lic nay trinh con TOPO
s& két thiic. Cau tric ludi dién cudi cing s& 13 cau tric c6 ton that cong suat tac
dung bé nht.

Chon Analysis>TOPO. Hinh 4.4.4.2

== PSSTADEPT 9.0 - [33-bus thuan R]

== PSS/ADEPT 5.0 - [33-bus thuan R]

J% File Edit Wiew Diagram Network | Analysis Report Tools Window ¥ Fle Edit view Diagram Network Analysis |Report Tools Window Help
R =] | & B X = | Izo;ad-Flow _l 0= H | ‘;% E ® o |§ Branch Current
Fﬁi;ﬂﬁﬂx_h?ﬁ:mun&u f o= o oox B 2 X |00 A5 |

..... . ||| B* Motor Starting : .

----- . ﬁgggi: - &, CaPO =3 Lines = fnputList

..... s+ MODE15a ﬂ -] [NODE1-NODEZa] Mode Voltage

----- & NODE1Ga o | [NODEZ-NODE3a] shunt Current

_____ « NODE173 ‘i DRA ] INDDE3NODE4s] R

..... « MODE18a % Harmonics - [ [NODE4-MODESa] SR

..... + MNODEZGa T Coordination - | [MODES-MODEEa]

----- ¢ MNODEZ27a - | [MODEE-MODE7a]

----- s NODE28a & options. .. | [NODE7-NODESa]

----- « MODEZ29a -] [NODEB-MODEYa]

""" ¢+ MODE30a - [ [MODES-MODE10a]

----- + NODE31a ] [NODE10-NDDET12

----- * NODE32a — | [NODET1-NODE12:

----- « MODE33a

----- « MODE33b

Hinh 4.4.4.2: Tinh toan TOPO Hinh 4.4.4.3: Xem két qua tinh toan tur

phan report
Xem két qua tinh to4n chi tiét tir phan report. Hinh 4.4.4.3



4.4.5. Tinh phan bd cong suit

Phian mém PSS/ADEPT giai bai toan phan bd cong suat. Hé thdng dién duoc thé
hién duéi hinh thirc so @6 mot pha nhung chiing bao gém day du thong tin cho luéi
ba pha. Céc thong tin c6 dugc tir bai toan phan bd cong suat 14 tri s dién ap va goc
pha tai cic nut, dong cong suat tac dung va cong sudt phan khang trén cic nhanh va
tryc chinh, ton that cong suit tic dung va cong suit phan khang trong mang dién, vi

tri dau phan ap clia cac may bién ap trong truong hop giit dién ap tai mot nit nao do

trong mot gidi han cho phép...

Chon Analysis>load flow. Hinh 4.4.5.1

= PSS/ADEPT 5.0 - [33-bus thuan R]

%Eile Edit View Diagram Metwork | Analysis Report Tools Window Help

D@g|%gxq|%
L Fault

& 4% 13 | D ¥ I8 X | 87| gerautan

=15 Lines - B¥ Motor Starting
----- [ [NODE1-NODEZa] L. capo
----- [ [MODEZMODE3a] . 10RO
----- | [NODE3NODE4a] .
----- [ NODE4-HODESs] nﬁiDR*"
----- | [NODESHODER] @ Harmonics
----- | [NODEGNODE7a] T Coardination
----- | [MODE7HODESa]
----- | [NODESNODESa] $t Options. ..
..... T INANFA.RANF1NA] | T T

Hinh 4.4.5.1: Tinh toan phan bd cong suat

Xem két qua tinh phan bd cong suit. Hinh 4.4.5.2

= PSS/ADEPT 5.0 - [33-bus thuan R]

%Eile Edit View Diagram Network Analysis Report Tools Window Help
DEd|[t2Bx- | gae@E|[r|e oo @EEal=)1 = 118+ &
FaubEnx |(niamawan| gy | ]Teaaeaam|:||asc|

5 43 Lines =
-~ ] [NODE1-NODE2a]

[ INODEZNODEZa]

] INODE3MODE4a]

] INODE4NODESS]

[ INODESNODEGs]

] INODEEMODE7a]

] INODE7MNODESq]

] INODESNODESs]

I [NUDES-NUDEWa]J

[ INODETOHODETT: NODES
-~ INODET1-HODE12: .

I

I

I

I

I

I

I

I

T

NCDE4
TAZKY

[NODE12-MODET3:
[NODE13-MODET4: MODETS: g

F

15}

[}
Y
L

[NODE14-MODE15: TAERY

TCAr W SEEY

[NODE15-MODETE:
[NODE1E-MODET7:

b

4

=
[NODE17-MODE18: — ~ E NODES
[NODE18-MODE33E - ’;‘955\2 g
[NODE3-NODEZ3a] nopER: @ E o
[NODE23-MODEZ24: EAETSY L)

fp—

QQEILI

wE0L W

AR 24 MAnE R T
< l >
I T et I@ Results | ‘rs DRA —
x| Switch Switchd [HODE29b-HODEZS] closed.

Switch Switchd4 [NODEZ9b-HODEZ23] opened
Hew swvstem loss: 73 .56 kW 0.00 kvar

W I
0o I

NODET
T A7 A

Initial system loss 73 .56 kU 0.00 kvar
Final system loss: 73.56 kW 0.00 kwar

Hinh 4.4.5.2: Xem két qua tinh toan phan b6 cong sut



4.4.6. Két qua tai ciu tric trén LDPP 16 bus sir dung PSS/ADEPT 5.0

- Tai cAu tricc LDPP 16 bus truwong hop khong c6 DG

N1 N2 N3 N4 N5 N6
— — —b > >
s1 s2 S3 s4 S5 2
[ S17 g S18
S14
N11 leJ N13
. N OPENED
S6 S15  <— sie ¢
\ s20
N7 N8 N9 N10
. & _I -
s7 S8 = s T
1 S10 S19
Tén thit cong suit 93.06 kw N1 N | N6 |
Khoéa mo: 2, 17, 16, 20, 10, 19 v A BN R

Hinh 4.4.6.1: Két qua tai cau trac LDPP 16 bus khong c6 DG

- Tai cAu tricc LDPP 16 bus truong hop ¢é 2 DG

N3 N4 N5 NG
L 3 =0P[>I’D L 2 . 3 L 3
N Q2 Nk Q4 Q5
Q17 Q18
S14 N11 N12 N13
r > |
| OPENED .
Q21 ®
15 492 Qi -
: " Q0
E N7 N& No N10
L L © Jelszany
—, &7 SR ‘I[ <9 g
S10 Q19
Ton that cong suat 66.3 kw N14 N15 J N16
Khoéa mé: 2, 17, 18, 15, 10, 9 " * — N
— qn Q13

Hinh 4.4.6.2: Két qua tai cau trac LDPP 16 bus c6 DG
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- Tinh PBCS trong LDPP kin 16 bus truong hgp khong c6 DG
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Hinh 4.4.6.3: Két qua tinh PBCS trén LDPP 16 bus khong c6 DG
- Tinh PBCS trong LDPP kin 16 bus truwong hop c6 DG

Hinh 4.4.6.4: Két qua tinh PBCS trén LDPP 16 bus c6 DG
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4.4.7. Két qua tai cAu tric trén luéi 33 bus sir dung PSS/ADEPT 5.0

- Trudmg hop cé va khong c6 DG
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- Truwong hop khong cé DG:
Tén that cong suét: 112.74kw
Khéa mo: K9,K14,K32,K7,K37

- Truwong hop co DG:
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Khoéa mo: K9,K14,K32,K7,K37
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Hinh 4.4.7.1: Két qua tai cdu trac LDPP 33 bus



- Tinh PBCS trong LDPP kin 33 bus truong hgp khong c6 DG
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Hinh 4.4.7.2: Tinh PBCS trong LDPP kin 33 bus truong hop khong c6 DG
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