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TOM TAT

Tan s 1a thong s6 ki thuat quan trong trong viéc danh gia chat lwong dién ning
cua hé théng dién va phai dugc duy tri trong gii han quy dinh dé dam bao hé thong
dién van hanh 6n dinh. Vi vay, viéc duy tri tan sd On dinh trong gidi han quy dinh
ludn 1a muyc ti€u cua nguoi thiét ké, van hanh hé théng dién. Trén co s& phan tich anh
hudng cua tan sd dén hé thdng dién, cac cong trinh nghién ciru trong va ngoai nudc
trude day, cling nhu thuc té viéc sa thai phu tai dang ap dung tai Viét Nam hién nay,
luan 4n dd nghién ctru va dé xuat cac phuong phéap sa thai phu tai nhu sau:

- Nghién ctru va dé xuit phuong phép sa thai phy tai nhim khéi phuc 6n dinh
tan s6 hé théng dién trén co s& nhan dang co/khong sa thai phu tai két hop véi cac
giai thuat cong ngh¢ tri thirc nhu: AHP va mang no-ron. Phuong phép sa thai phu tai
dé xut cho phép nhanh chéng ra quyét dinh lya chon chién lugc sa thai phu tai hop
1y va hiéu quéa dé gitr on dinh tan s6 hé thong dién khi c6 su ¢ ngan mach xay ra trén
cac thanh gop hay trén cac duong day ciia hé théng dién. Bén canh d6, phuong phap
sa thai phu tai dé xuét c6 luong cong suit sa thai phu tai it hon va thoi gian phuc hdi
tan sé nhanh hon so véi cac phuong phép sa thai phu tai truyén thong;

- Nghién ctru va dé xuat phuong phap sa thai phu tai trén co sé ap dung thuat
toan Fuzzy-AHP dé tinh toan hé sb tim quan trong cua phu tai va thuc hién wu tién
sa thai phu tai c¢6 hé s6 tim quan trong nho trudc. Phuong phap sa thai phu tai dé xuat
gitip khoi phuc tan s6 vé gia tri cho phép va giam thiéu thiét hai giy ra khi cat dién;

- Nghién ctru va dé xuit viéc tinh toan lwong cong suit sa thai phu tai c6 xét dén
cac yéu té diéu khién so cip, diéu khién tht cdp t6 may phat dién gitip t6i thiéu luong
cong suét tai phai sa thai va tan sb hé théng van khoi phuc vé gia tri trong pham vi
cho phép;

- Nghién ctru va dé xuit viéc xac dinh vi tri tai can sa thai dya trén cac khai
niém PED, VED giita mdy phat bi su c¢b va cac nut tai giup khoanh ving sy ¢6 nghiém
trong va sa thai phu tai xung quanh ving su ¢ s& 1am giam anh huéng cua sy ¢ t6i

hé thdng va phuong an sa thai tai s& hiéu qua hon;
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- Nghién ciru va dé xuat phuong phap phan bd luong cong suit sa thai phy tai
tai cac nat co xét dén céc tiéu chi kinh té nhu hé sb tim quan trong cua phu tai, va
cac ti€u chi k¥ thuat nhu PED, VED. Qua do, viéc sa thai phu tai théa man cac yéu
cau phdi hop nhiéu phuong phap kinh té-ky thuat.

Céac phuong phép sa thai phu tai dé xuat c6 thé dugc st dung trong cong tac
huén luyén cac diéu do vién hé thong dién xir Iy cac tinh hudng sa thai phy tai dya

trén cac kich ban su ¢ trén hé thong dién.



ABSTRACT

Frequency is an important specification in assessing the power quality of the
electricity system and must be maintained within permissible limits to ensure the
stable operation of the power system. Therefore, maintaining frequency stability
within the permissible limits is always the goal of designers and operators of
electricity system. Based on the analysis of the effect of frequency on the electrical
system, the previous local and foreign researches, and the fact that load shedding is
implemented in today’s Vietnam, this thesis has achieved the following contributions:

- Proposing the load shedding method based on the combination of knowledge
technology algorithms such as AHP algorithm and artificial neural network. It
enables quick decisions to select reasonable and effective load shedding strategies to
keep the stability of electricity system frequency when the short-circuit incidents are
happened on the buses or on the lines of electricity system. In addition, the proposed
load shedding method has smaller load shedding capacity and faster frequency
recovery time than traditional load shedding methods;

- Proposing the load shedding method based on the application of the Fuzzy-
AHP algorithm helps calculate the importance factor of the load and prioritize the
less importance of load shedding. The proposed load shedding method enables to
restore the frequency to permissible value and minimize potential damages when the
load is cut;

- Proposing the calculation of the load shedding included in the primary and

secondary control factors of the generators will minimize the amount of load shedding
and restore system frequency value back to the allowable range;
- Proposing the determination of the load location to be shed based on the concept of
the electrical phase distance, voltage distance between the faulty generators and the
load nodes is able to locate serious incidents. The additional load shedding around
the fault area reduces the impact of the incident on the system and increase the
effectiveness of the load shedding;

- Proposing the distribution of the load shedding capacity at the load nodes
included the economic criteria such as the importance factor of the load, and the
technical criteria such as the electrical phase distance, and the voltage distance aims

to assure the requirements of multi-objective constraints.
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In this thesis, the proposed load shedding methods can be applied in the
training of electricity system operators to handle load shedding situations based on
fault scenarios on electricity system.
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MO DAU
1. Ly do chon dé tai

Tan s6 1a thong s6 k¥ thuat quan trong trong viéc danh gia chat lugng dién ning cua
hé thong dién va phai duoc duy tri trong gidi han quy dinh dé dam bao hé thong dién van
hanh 6n dinh. Tan s bi anh hudng bai su chénh 1éch giira cong suat tac dung cta cic may
phat va nhu cau phu tai. Gié tri tin s6 mang tinh hé thong hay noéi cach khéc 1a tan sé c6
gia tri nhu nhau tai mdi nut trong hé théng dién. Trong khi do, dién 4p co tinh chét cuc bd
do c¢6 nhiéu cap dién ap khac nhau va c6 thé diéu chinh ting giam. Tan s hé thong thay
d6i s& lam anh huéng truc tiép dén téc d6 dong co dién, 1am thay d6i thong sb cua hé thong
duong day. Tan sd thay ddi rat nhanh theo su bat on dinh cta hé thong, va thé hién tinh
nghiém trong cua su cd. Vi thé, gia tri tan s6 dugc sir dung dé kiém tra do on dinh cua hé
théng va dé 1am thong s6 dau véao cho cac thiét bi bao vé hé théng nhu céc bo diéu toc tu
dong, bo ty diéu chinh cong sut may phat, thiét b sa thai phu tai, thiét bi bdo vé may phat.
Vi vay, viéc duy tri tin sé 6n dinh trong giéi han quy dinh luén 13 muc tiéu cia ngudi thiét
ké, van hanh hé thong dién.

On dinh hé théng dién dugc phan thanh ba van dé 16n bao gém: 6n dinh tan sd, 6n
dinh dién ap va 6n dinh goc rotor [1]. Trong d06, 6n dinh tin s6 thé hién kha ning cta hé
thong nham duy tri tan sé ctia hé théng dao dong trong pham vi cho phép sau sy ¢d 16,
nghiém trong. Khi xay ra cac su cb 16n, khan cip trong hé théng dién, vi du nhu xay ra
ngan mach trén cac nit may phat, dudong day hodc may bién ap cé thé gy ra mat 6n dinh
tan sd hé thong dién. Cac sy cb nay can phai duoc phat hién nhanh dé dua ra quyét dinh
c6/khong sa thai phuy tai dé khoi phuc 6n dinh ctia hé théng dién. Cac cong trinh nghién
ctru trude day chi tap trung nghién ctru mot trong hai van dé 1a nghién ctru bai toan danh
gia on dinh hodc bai toan sa thai phu tai ma chua c6 su két hop trong mot giai phap toan
di¢n.

Trong qué trinh van hanh hé thong dién, cac su ¢b ciia hé thdng dién thuong 1a cac su
cd mat mot may phat dién, ngan mach duong day hodc thanh cai, hay bat ngd thay doi tai,

phu tai ting viot qua kha ning cong suat phat dién cta hé thong. Trong dé, cac su cb mét



mAay phat cong suat 16n hodc phu tai thay d6i dot ngdt v4i cong suat 16n 13 nguyén nhan
chinh 1am cho tan sb cua hé thdng bi suy giam vuot qua giéi han cho phép va sa thai phu
tai duoc xem nhu 1a mot trong nhiing giai phap phai thyc hién dé khoi phuyc tan sé vé pham
vi cho phép. Do ludi truyén tai thuong 1a hé thdng mach vong kin nén khi ¢6 sy ¢ duong
day thi cac thiét bi bao vé nhu may cit s& ngit dién & hai dau duong diy dé c6 1ap duong
day bi su c6 va hé thong s& phan bb lai cong suat truyén trén cac dudng dy. O déy, phu
tai van khong bi anh hudéng, hanh vi cua bo diéu tdc 1a binh thudng, khong cam nhéan duoc.
Néu su cd duoc giai trir, may cit dong lai, hodc viéc phan bd lai cong suat van dam bao
cac thong sb hoat dong cua hé thdng van nam trong pham vi cho phép, do d6 khong can sa
thai. Trir trudng hop mdy cit bi hong, hodc viée phan bd lai cong suat 1am cho cac thong
s6 hé théng vuot mirc cho phép, su ¢b s& dugc xir Iy vuot cap, hodc su ¢d gy anh huong
day chuyén cit nhiéu dudng day, hodc dudng ddy lién két may phat lam anh hudng nghiém
trong dén tan s thi cn sa thai phu tai.

Céc nghién ctru trude ddy khi tinh toan, mo phong chi quan tim xem xét mot ché do
murc tai van hanh ciia hé thong ma chua xem xét hé théng dién van hanh ¢ nhiéu ché do
mirc tai khac nhau. Hon nira, khi tinh toan cong suat sa thai phuy tai, cac nghién ctru trude
day chu yéu str dung phuong trinh chuyén déng quay cta rotor ma chua xét dén thuc té
van hanh ludi dién bao gom céc yéu té diéu khién so cip va diéu khién thtr cip t6 may phat
dién dé giam luong cong suit sa thai ma van dam bao tan sé phuc hdi vé gia tri cho phép.

Ngodi ra, cic giai phap nghién ciru toi wu sa thai phu tai trudc day chi xét dén cac yéu
t rang budc don muc tiéu, nhitng muc tiéu nay cha yéu 1a cac rang budc vé mit k¥ thuét
ma chwa c6 xem xét dén viéc phdi hop nhiéu tiéu chi rang budc kinh té- k¥ thuat trong mot
phuong &n sa thai phu tai.

Vi vay, luan an: “Nghién citu phwong phdp cdi tién sa thdi phu tdi trong hé théng
dién” khic phuc mot phan cac han ché néu trén va dép tng yéu cau burc thiét trong diéu

khién, van hanh va bao v€ hé thong dién hién nay.

2. Muc tiéu nghién ciru ctiia luan an



Trén co s& phan tich anh hudng ctia tan sé dén hé thong dién, cac cong trinh nghién
clru trong va ngoai nude trude ddy, cling nhu thuc té viée sa thai phu tai dang 4p dung tai
Viét Nam hién nay, cadc muyc ti€u nghién ctru cua luan an bao gém:

- Nghién ciru va dé xuit phuong phap sa thai phu tai nhim khoi phuc 6n dinh tin sb
hé théng dién trén co s¢ nhan dang c6/khong sa thai phu tai két hop véi cac giai thut cong
ngh¢ tri thie nhu: AHP va mang no-ron;

- Nghién ctru viéc tinh toan lwong cong suét sa thai phu tai toi thiéu dé khoi phuc tan
s6 hé théng dién trén co s& xem xét cac yéu td diéu khién so cap, diéu khién tht cip t6 may
phat dién;

- Nghién ctru phuong phap sa thai phu tai dé khoi phuc tan sé hé théng dién trén co
s& ap dung thuit toan Fuzzy-AHP c6 xem xét tAm quan trong cua phu tai trong hé thong;

- Nghién ctru cac phuong phap phan bd luong cong suét sa thai phu tai tai cac nat tai
dua trén khai niém PED, va VED gitta may phat bi sy ¢ va cac nut tai;

- Nghién ctru va dé xuit phuong phap phan bd lugng cong suit sa thai phu tai c6 xét
dén cac yéu t6 phdi hop nhidu phuong phéap trén co sd phdi hop cac tiéu chi kinh té-ky
thuat khi sa thai phu tai.

3. P6i twong va pham vi nghién ciru
a. Pdi twong nghién ciru
Déi tuong nghién ctru 13 phuong phap diéu khién sa thai phu tai t6i wu trén co sé tinh
toan luong cong suat sa thai phu tai va phan bd luong cong suét sa thai phu tai hop 1y tai
cac nat tai trong hé thong dién. Hiéu qua ca cac phuong phap dé xuét dugc kiém tra thong
qua mo hinh hda va mé phong hé thong dién chuan IEEE 39 nut, va IEEE 37 nut.
b. Pham vi nghién ciru
- Chi khao st cac phuong an diéu khién tan s6 hé thong dién trong tinh huéng xuét
hién céc su ¢ nghiém trong mét may phat dién cong suét 16n dan dén do 1éch tan sd 1on;
- Khong xét dén viée thay ddi va cai dit thong sb cac bo diéu tde va bo kich tir cua

méy phat trong cac chién lugc diéu khién khan cap khoi phuc 6n dinh tan sé hé thong dién;



- Khong xét toi anh hudng dén viée diéu khién tan sb trén hé thong dién cua cac thiét
bi FACTs;

- Khong xét dén truong hop cac nit phy tai cé nhidu xuat tuyén.

- Phu tai tai cac nit dugce xem nhu ting déu nhau khi mé phong cac tinh hubng sy ¢b

dé xay dung tap mau dir li¢u cho mang no-ron ¢ cac muc tai khac nhau.

4. Cach tiép can va phwong phap nghién ciru

- Nghién ctru 1y thuyét: thu thap, chon loc, phan tich va tong hop cac vu diém va
nhugc diém cta cac cong trinh nghién ctru trong va ngodi nudce, cac bai bao da duogc cong
bd gan day trén cac tap chi khoa hoc chuyén nganh c6 uy tin, nghién ctru sinh s& dé xuat
phuong phap cai tién sa thai phy tai nham khac phuc mot phan cac han ché ciia cac phuong
phap sa thai phu tai trudc day;

- Nghién ctru thyc nghi¢m, mdé hinh toan: Cac nghién ctru duogc trg gitip bdi cac cong
cu md hinh héa va mé phong nhu: phin mém PowerWorld GSO 19, MATLAB
R2018b/Simulink dé khao sat anh hudng cua cac tinh hudng su ¢b va danh gia hiéu qua

cac giai phap sa thai phuy tai dé& xuat dé khoi phuc va duy tri tan sé hé thong dién.

5. Péng gép moéi vé mit khoa hoc va y nghia thyc tién ciia ludn 4n
a. Déng gép méi vé mit khoa hoc

- D& xuit phuong phap sa thai phu tai trén co sé phdi hop cac giai thuat cong nghé tri
thirc nhu: AHP va mang no-ron, cho phép nhanh chong ra quyét dinh lia chon chién lugc
sa thai phu tai hop 1y va hiéu qua dé giit on dinh tin s hé théng dién khi co sy cd ngin
mach xdy ra trén cc thanh gop hay trén cac dudng day cua hé thdng dién. Bén canh do,
phuong phap sa thai phu tai dé xuat ¢ luong cong suét sa thai phu tai it hon va thoi gian
phuc hdi tin s6 nhanh hon so véi cac phuong phap sa thai phu tai truyén thng;

- Dé& xuit phuong phép sa thai phu tai trén co sé ap dung thuat toan Fuzzy-AHP dé
tinh toan hé s6 tim quan trong cua phu tai va thyc hién uu tién sa thai phu tai co6 hé s6 tAm
quan trong nhé truée. Phuong phép sa thai phu tai dé& xuat giup khoi phuc tan sé vé gi tri

cho phép va giam thiéu thiét hai gy ra khi cat dién;



- Pé xuét viéc tinh toan luong cong suit sa thai phuy tai c6 xét dén cac yéu té diéu
khién so cap, diéu khién thir cAp to may phat dién gitip toi thiéu luong cong suit tai phai
sa thai va tan s hé théng van khoi phuc vé gia tri trong pham vi cho phép;

- Pé xuét viéc xéac dinh vi trf tai can sa thai dua trén cac khai niém PED, VED gitra
mAy phat bi su ¢b va cic nat tai gitip khoanh ving sy ¢6 nghiém trong va sa thai phu tai
xung quanh ving su c¢d s& 1am giam anh hudng cua su ¢d t6i hé thong va phwong an sa thai
tai s€ hiéu qua hon;

- Pé xuit viéc xac dinh lugng cong suit sa thai phu tai tai cic nut c6 xét dén cac tiéu
chi kinh t& nhu hé sé tAm quan trong ctia phu tai, va céc tiéu chi k¥ thuat nhu PED, VED.
Qua d6, viéc sa thai phu tai thoéa man cac yéu cau phdi hop nhiéu phuong phap.

b. Y nghia thue tién

Céac phuong phap sa thai phuy tai dé xuit c6 thé duoc sir dung trong cong tac huin

luyén céc diéu dd vién hé théng dién xur ly cac tinh huéng sa thai phu tai dua trén cac kich

ban su co trén hé thong dién.

6. Céu tric cia luin 4n
Luan 4n duoc trinh bay gém 6 chuong:
Chuong 1: Tong quan vé sa thai phu tai trong hé thong dién.
Chuong 2: Phuong phéap diéu khién khan cép sa thai phy tai trong hé thong dién.
Chuong 3: Phuong phép sa thai phu tai trén co sé ap dung thuat toan Fuzzy-AHP.
Chuong 4: Tinh toan lugng cong suét sa thai phu tai toi thiéu c6 xét dén diéu khién
so cap va diéu khién thtr cdp té may phat dién.
Chuong 5: Phuong phap sa thai phu tai ¢ xét dén viéc phdi hop nhiéu phuong phap.

Chuong 6: Két luan va hudng nghién ctru phat trién cua dé tai.



Chuong 1
TONG QUAN VE SA THAI PHU TAI

TRONG HE THONG PIEN

1.1 Tong quan vé cac sw cd hé thong dién

Trong nhitng thip nién vira qua, trén thé gii da c6 nhiéu su cd hé thdng dién nghiém
trong xay ra lam mat dién va anh huong dén hang triéu ngudi dan, gay thiét hai 1on vé kinh
té va tac dong dén cac tang 16p x4 hoi. Tac dong xa hoi ciia mat dién, dic biét 1a & cac ving
dd thi 1a rat nghiém trong, chéng han nhu cac dich vu cham soc stic khée trong cac bénh
vién, cac van dé vé diéu khién giao thong, lam gian doan mang internet va cac h¢ théng
thong tin lién lac, dich vu ngan hang...

Nhirng sy ¢b mét dién niy c6 thé xay ra do cac nguyén nhan trong ty nhién ciing nhu
cac nguyén nhan vé mit ky thut. Nhitng nguyén nhan ty nhién bao gom: dong vat tiép xtc
v6i day dan dang mang dién, tai nan do phuong tién van chuyén din dén va cham véi
duong ddy truyén tai, cac canh cdy ngd, d6 1én cac duong day truyén tai do thoi tiét mua
bio... Nhitng nguyén nhan vé mit ky thut bao gom: cac su cb, hu hong cac duong day
truyén tai va phan phdi, cc van dé vé 6n dinh, cac duong day bi qua tai, cac sy ¢6 hu hong
thiét bi va cac 16i do con nguoi gay ra.

béi véi nhiing sy cb méat dién xay ra do 161 vé mat k¥ thuat, danh sach céac su cb mét
dién nghiém trong nhit [2] x4y ra trong hai thip nién qua c6 anh huéng dén hang triéu
nguoi dan duoc thong ké trong Bang 1.1.

Mot trong nhitng su cd mat dién dang chu ¥ 1a su ¢d xay ra & My va Canada vao ngay
14/08/2003. Su c¢b nay da anh hudng dén 50 triéu ngudi din ¢ 8 tiéu bang ctia My va 2 tinh
ctia Canada. Su c6 nay da lam mat dién khoang 63GW phu tai va hon 400 dudng day truyén
tai, 531 may phat & 261 nha may dién bj cét ra. Su ¢b nay kéo dai dén 96 gid (4 ngdy) trong
nhitng ving khac nhau ¢ mién Ty nuéc My, ton that vé kinh té trong khoang tir 4 - 6 ti
USD [2].



Bang 1.1: Cac sy ¢6 mat dién nghiém trong nhét trong cic nim qua trén thé gidi

X S6 ngudi bi Thoi

Quaoc gia Thoi gian anh hu’frng. gla(lllﬁli(eo Nguyén nhan
Hy Lap 24/04/1990 50 tri¢u 6h  |Sup do dién ap

. n Sét danh lam cho céc duong day
Brazil 11/03/1999 97 triéu 5h 440KV cht s cb
An Do 02/01/2001 226 triéu 12h  |Hu hong dudng day trruyén tai
Canada va cac £ , N x.
téu bang mién 14082003 | Sewigu | o0 h T o b Cuohe T docon
Bac nudéc My gay) |hsu & i
Y 28/09/2003 55 triéu 18 h  |Ngat cac duong day truyén tai
Indonesia 18/08/2005 100 triéu 7h  |Hu hong dudng day truyén tai
Chéau Au 04/10/2006 15 triéu 2h  |Quatai
Brazil va Ngan mach trén ba may bién ap

10/11/2009 87 triéu 7h  |phia duong day truyén tai dién ap
Paraguay 10
Brazil 04/02/2011 53 tricu 16 h gf hong trén dutmg day truyén
An Do 31/072012 | 670 tricu 15h  |dup o dién dp do qud tai duomg
day truyen tai

Sy ¢ mét dién 16n nhat thé giéi xay ra gan day 1a vao ngay 31/07/2012 & An D6 kéo
theo sau sy sup dd dién ap do qua tai trén cac dudng day truyén tai. Su c¢b nay dd anh hudng
dén 670 triéu nguoi dan, hang trim chuyén tau lira, hang trim ngan ho gia dinh trong 22
bang ctia An D6 [3].

Ngoai nhitng sy ¢b mét dién nghiém trong néu trén, mdi qudc gia déu c6 nhiing sy cb
mat dién voi quy moé nhé hon va xdy ra nhiéu 1an trong nam. Hinh 1.1 trinh bay tan suét sy
cb mat dién x4y ra trong nhiéu khu vuc khac nhau trén thé giéi vao nam 2009 [2], trong d6
khu vire Nam A ¢ dén 1200 1an mét dién.

O Viét Nam, trong nhitng nim gan day ciing di xdy ra cac sy c¢6 mat dién hé théng
trén dién rong, thoi gian mat dién kéo dai va gay ton that 16n cho nén kinh té.

Sy ¢6 mat dién mién Nam Viét Nam [4] dién ra tir lic 14 gio ngay 22 thang 5 nim
2013 1am céc tinh thanh mién Nam Viét Nam bi mat dién trong nhiéu gio. Su ¢b ndy ciing

gay mat dién mot s6 khu vuec tai quéc gia lang giéng Campuchia. Pay 13 sy c¢b dién xay ra



gdy anh hudéng v61 quy mo 16n trén dién rong chua tirng c6 trong vong 100 ndm tai Viét
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Hinh 1.1: TAn suét bi mét dién & cac khu vuc trén thé gidi

Nguén dién cung cip cho mién Nam phu thudc vao dudng diy 500KV (truyén tai
dién tir mién Béc vao, chiém phan 16n, c6 khi 1én dén 40% tong cong suat tiéu thy ctia mién
Nam) va tuy theo thot diém cu thé va nhu cau phu tai. Tai thoi diém Xay ra sy cd, hé théng
dién mién Nam nhdn cong suit 1on tir Bic vao Nam tir dudng day S00KV. Do viy, cac nha
méy dién khong thé dap img ndi nhu ciu phu tai khu vuc nén phai tach ra khoi hé thong dé
béo vé an toan cho thiét bi. Nguyén nhan cua su ¢ duoce cho 1a do mot chiée xe cAu chd
cdy g6 (dai 10m) vudng vao dudng day tai dién 500kV lam giy ngin mach trén hé thng.
Diéu nay da kich hoat hé théng ngét mach ty dong dé bao vé cac td may nguén phat dién,
dan t6i hé théng dién mién Nam mat toan bd (véi tdng cong suat khoang 9400 MW).

Su ¢ xay ra 1am cho 15 nha may dién véi 43 to may phat dién phai tich ra khoi ludi
dién. Viéc tai lap lai h¢ théng nay mét nhiéu thao tac khién téng thoi gian khoi phuc lai
mang ludi kéo dai 8 tiéng. Hau qua cta vu viéc dugc danh gia 13 rit nghiém trong, gay tac
dong khong nhé dén doi séng ciia ngudi dan, doanh nghiép 14n thiét hai vé phia EVN do

khac phuc su cd. Thiét hai chi d6i véi nganh dién udc tinh ban dau 1a 14 ty déng. Tinh dén



ngay 25 thang 5, ¢6 tong cong 8 triéu khach hang bi anh hudng boi sy ¢d, trong d6 tai thanh
phd Hd Chi Minh ¢6 1,8 triéu ho dan va khach hang dién

Gan day, sy ¢6 Nha may nhiét dién Méng Duong [5], cong suat 1.080MW di lam cho
TP.HCM mit dién trén dién rong. Su ¢ xay ra lac 5h41 ngay 25/05/2019, lam ngudn cung
cap dién cho cac tinh phia Nam va TP.HCM bj giam d6t ngdt, dan dén viéc sa thai ro-le 81
ctia 45 tuyén cung cap dién tir 27 tram: Q1, Q6, Q7, Q8,Q 9, Q11, Q 12, Q Thu Ptic, Binh
Thanh, Go Vép, Binh Téan, cac huyén Hoc Mo6n, Binh Chanh, Cu Chi. Téng cong suét bi
sa thai la 132 MW.

Bén canh céc su cd mat dién da xay ra, nuoc ta la mot nudc dang phat trién vi vay
nhu cau nang lugng dién va sy tdng nhanh cua phu tai 1a viéc co thé du bao duoc trong
nhitng nam tiép theo (quy hoach dién VII). Diéu d6 s& lam gia ting cac nguy co su cb giy
mat dién va bét budc phai sa thai phu tai. Day 14 thach thirc dbi véi cac nha hoach dinh va
véan hanh hé thong dién nham dap ung su gia ting nhu cau phu tai trong khi van phai duy

tri do 6n dinh cta hé théng.

1.2 Khai quat vé diéu chinh tin s va sa thai phu tai

Cung voi su phat trién cua ludi dién xoay chiéu, tin sb dién da trai qua nhiéu budc phat
trién khac nhau. Trong thé ki XIX, c6 nhiéu murc tin s6 khac nhau trai dai tir 16% Hz dén
133" Hz duoc stir dung trong céac hé théng dién khac nhau. Nam 1891, tan sé 50Hz dugc
st dung dau tién trong hé théng dién ¢ Dirc boi cong ty AEG. Tan sb 60Hz dugc chon 1am
tan s6 chuan trong hé théng dién phat trién boi cong ty dién Westinghouse, My. Ngay nay,
tan s6 phd bién trong hé théng dién xoay chiéu 1a 50Hz & cac nudc chiu Au va hau hét
chau A, tan s6 60Hz dugc st dung trén ludi dién Bic M¥, mot s nuége thi sir dung ca hai
tan s6 50Hz va 60Hz nhu Brazil, Mexico, Nhat [6]. Khi van hanh on dinh, hé théng dién
yéu cdu tan s6 va dién ap phai khong doi. Trong thuc té, tin sb cua hé théng dién khong
bao gid & tinh trang can bang do nhu cau phu tai thay d6i mot cach lién tuc. Trong mot hé
thdng dién, cong suit phat ra phai duoc giit cdn bang voi cong suét tiéu thu, néu khong s&
xuat hién sy thiéu hut cong sut. Tan s6 hé thong s& giam thap néu phu tai vuot qua cong

sudt phat va sé& ting cao khi cong suit phat 16n hon so v6i nhu cau phu tai. Tan sé hé thong



ti 18 truc tiép v6i toc dd may phat. Vi vay, viéc diéu khién tan sé hé thong duoc thuc hién
bang cach diéu chinh tdc do may phat.

Khi phuy tai ting dot ngdt trong hé thong dién don gian gom mot may phat va phy
tai, nhu cau ning luong phu tai vuot qua s& dugc cung cAp mot cach tirc thoi bai quan tinh
quay ctia may phat. Téc do quay ctia may phat sau do s& giam xubng, dan dén mirc giam
turong xing cua tan s6 hé thong. Bo diéu tdc s& tac dong md canh hudng tuabin dé ting tdc
d6 quay tuabin. Tdc do tuabin ting s& lam ting tan s6 hé thong, vi vy tan sd c6 thé duoc
khéi phuc vé trong pham vi cho phép.

Dé diéu khién tin sb trong hé théng dién lién két, cac nha may dién phai sir dung
mdt co cdu diéu khién dé khoi phuc tan s6 khi c6 cac su c¢b thoang qua hodc c6 nhitng thay
d6i phu tai 16n. Trong truong hop ¢ su chénh 1éch vé cong suét, hoat dong diéu chinh tan
s6 so cap duoc kich hoat dé tai 1ap can bing gitra nhu cau phu tai va cong suét phat. Khi
c6 bat ky su sai 1énh so voi gia tri dat (gia trj tn s6 dinh murc) thi cac bo diéu chinh so cap
clia tit ca cac may phat s& dap tng trong vong vai gidy. Bo diéu khién tac dong thay doi
cong suat dau ra clia cac may phat cho dén khi sy cin bang giita cong suat dau ra va nhu
cau phu tai dugc thiét 1ap. Sau do, do sai Iéch cong suét va tan sd con lai s& duoc diéu chinh
bang cach kich hoat diéu chinh thir cdp. Chirc ning ctia diéu chinh thir cap 1 phuc hdi cong
sudt va tan sb vé cac gia tri dinh murc ctia chung.

Trong nghién ctru 6n dinh tan sé hé théng dién, do 1éch tan sé cho phép 13 +0.2Hz d6i
v6i luéi dién S0Hz (riéng Viét Nam va Singapore 13 £0.5Hz) va +0.3Hz d6i voi ludi dién
60Hz. Khi d6 1éch tan sd vuot qua muc cho phép thi h¢ théng s€ thuc hi¢n cac bién phap
dé khoi phuc tan sd. Trong trudng hop su ¢d nghiém trong, mat ngudn may phat cong suét
16n, cong suat dy trir co thé khong du dé phuc hoi tan sb hé thdng, do d6 can c6 mot ké
hoach giam cong suét phu tai theo mgt 10 trinh dinh san dé can b'?mg cong Suét. D@)ng thoi,
khi tan sé hé théng giam thip toi ngudng tac dong, cac relay bao vé tan sb ctia may phat
dién s& cit mat phat dién (UFGT: Under Frequency Generation Trip) ra khoi hé théng dé
bao vé may phat. Nguoc lai, khi mat phu tai 16n, hodc phu tai giam cong suit dot ngot,
cong suit du thira tir cac nha may dién dang van hanh c6 thé khién tan s ting cao, dé can

bang cong suat hé thong, mot 10 trinh sa thai may phat khi tin s6 cao (OFGS: Over
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Frequency Generation Shedding) dugc ap dung. Khi tan s6 qua cao, dé bao vé may phat
dién, relay bao vé tan s6 may phat ciing cit may phat dién ra khoi hé théng khi tan s cao
(OFGT: Over Frequency Generation Trip).

Do d6, dé nhanh chong can bang nhu cau cong suit ngudn — tai khi su ¢, ngin ngira
sup db hé théng dién thi can ludn duy tri tAn sd hé thdng trong pham vi cho phép. Diéu do,
doi hoi sy phdi hop ctia nhidu phwong phéap diéu khién tan sb khac nhau két hop véi diém
1am viéc thich hop cuia cac nha may trén hé thdng. Va khi diém lam viéc cua may phat dat
t61 han thi cac phuong phap nhu UFLS, UFGT, OFGS, OFGT, ... dugc st dung dé duy tri
diém lam viéc nay.

Nhu vay, khi cac bién phap dé khoi phuc van chua phyc héi tan s6 dugc thi viée sa
thai phu tai/may phat 1a diéu can thiét bit budc dé duy tri tin sb hé thdng trong pham vi
cho phép. Sa thai phu tai dugc xac dinh 13 lwong phu tai phai cét ra tir hé théng dién nhim
can bang cong suét giira ngudn - tai dé giir, hodc duy tri mot phan con lai ctia hé théng hoat
dong on dinh. Viéc giam phu tai ndy 1a nhim dap Gng lai mot sy nhidu cua hé théng giy ra
thiéu hut kha nang phat dién hodc 1a tinh huéng qua tai cua ludi.

Khi sa thai phu tai dé phuc hdi tan sé hé théng dién can luu ¥ dén du trit cong suit tac
dung/cong suét co ctia cac nha may phat dién. Ngoai kha ning ting cong suit phat dién tai
thoi diém xay ra nhidu 16n trén hé théng, con can tinh dén thoi gian dap tng cua cac bo
diéu téc Governor ciing nhu gidi han du phong quay cua timg ving diéu khién tan sd.

Bén canh d6, hién tai hau hét cac hé thong dién van hanh gan véi cac gidi han 6n dinh
ctia chung, day 13 két qua cta viéc bo qua cac quy dinh thi trudng dién va su gia ting nhu
cau tiéu thy dién ctia nén kinh té. Duéi cac diéu kién van hanh nhu vay, nhitng nhiéu loan
16n nhu 13 viéc ngdn mach tai cac nat may phat cong suit 16n hodc sy cd cac dudng day
truyén tai, c6 thé dan dén cac sy ¢ sup d6, ra ludi hé thdng dién. Vi vay, rii ro cia viée
sup d6 toan bd hé thdng ngay cang gia ting. Dé giai quyét nhitng vin dé do trong truong
hop tan sb suy giam nhanh va giam thap duéi gia tri ngudng da xac dinh, phuong phap sa
thai phu tai tan sd thap hién nay van con dang dugc ap dung dé khoi phuc tan sé va tranh

mat dién hoan toan.
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1.3 Yéu t6 lwa chon sa thai tai

DPé ¢6 duoc mot chu trinh sa thai tai hoan chinh cin ba yéu td: Thoi diém sa thai tai;
Vi tri tai sa thai; Luong tai sa thai. Viéc lua chon ba yéu td nay rat quan trong trong cic
phuong phap sa thai tai.

Thoi diém sa thdi tai duge tinh toan theo do bién thién cua tan sb theo thoi gian khi
xay ra su cd trén ludi dién. PO bién thién nay phu thudc rat nhiéu vao hing s quan tinh H
ctia hé thdng ngudn ciing nhu hé sé giam chin D cua cac tai [7]. Trong phwong phap sa
thai tai truyén thong va phuong phap sa thai tai théng minh, thoi diém sa thai tai duoc tinh
toan va cai dat cd dinh theo d6 1éch cua tan sb/dién ap va do bién thién cua tan sd/dién ap.
Trong phuong phap sa thai tai thong minh, d6 bién thién nay dugc cai dat va thay doi theo
thoi gian tuy thudc vao tinh hinh van hanh hé thong.

Luwrong tdi sa thai thy thude vao cong suat mat di trén hé théng khi co su c¢b gdy anh
hudéng nghiém trong va can sa thai tai. Ty thudc vao d6 16n cua cong sudt ngudn bj mat
va muc d6 anh huéng ctia ngudn nay dén hé théng ma lya chon lugng tai sa thai phu hop.
Pé dam bao lién tuc cung cp dién cho khach hang, luong tai sa thai phai duoc diéu chinh
sao cho t6i thiéu ma van dam bao cac thong s cua ludi ndm trong pham vi cho phép.

Vi tri tdi sa thai cling rat quan trong nham t6i thiéu luong tai sa thai va giam tac dong
dén ludi khi sy cb nghiém trong xay ra. Vi tri tai sa thai dugc luya chon sao cho cang gén
diém xay ra su ¢ cang tbt [8]. Didu nay gitip cho viéc phuc hdi hé théng sau su cd nhanh
hon, lugng tai sa thai cling it hon, khu vuc bi &nh huong bdi su ¢ nho hon. T hong thuong,
vi tri sa thai tai dugc trung tam diéu do hé théng dién lya chon dya vao vi tri dia Iy ctia céac
tai trén ludi.

1.4 Tong quan cac cong trinh nghién ciru vé sa thai phu tai

Céc nghién ciru vé diéu khién sa thai phu tai tip trung giai quyét cac van dé: khoi
phuc tin s6 hé thdng 6n dinh véi thoi gian nhanh nhit, lrgng tai sa thai it nhat, chi phi thiét
hai khi mat dién 1a it nhat. C6 nhiéu phwong phap khac nhau dé sa thai phu tai va phuc hoi
hé théng di dugc phét trién boi cac nha nghién ctru. Cac k¥ thuét sa thai phu tai vé co ban

dugc chia thanh 3 mang nghién ctru chinh: cac ky thuit sa thai phu tai truyén thong
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(Conventional Load Shedding), cac k¥ thuat sa thai phu tai thich nghi (Adaptive Load

Shedding), va céac k¥ thuat sa thai phu tai thong minh ILS (Intelligent Load Shedding).

Téng quan vé cac k¥ thuat sa thai phu tai dugc trinh bay ¢ Hinh 1.2 [2].

Céc ky thuat sa
thai phu tai

Céc k¥ thuat sa thai Céc k¥ thuat sa thai Céc k¥ thuat sa thai

phu téi truyén thong phu tai thich nghi phu tai thong minh
UFLS sa UVLS sa Artificial Fuzzy Adaptive

" . . N
tl}gl phu tl}@ phu NNeuralk Loglc1 A s;lzrg Genetic Particle
tai (,111’0' 1 tai dudi Ztl‘\lvl(zlr Coatiie Infernce Algorithm Swarm
tan soO dién ap ( ) System Optimization
(ANFIS)

Hinh 1.2: Tong quan vé cac k¥ thuét sa thai phu tai trong hé thong dién

1.4.1 Sa thai phu tai truyén théng

Sa thai phu tai bang relay tan sb, hoic dién 4p 1a phuong phap duoc st dung phd bién

nhat cho viéc diéu khién 6n dinh tan s6, 6n dinh dién &p cua ludi dién va duy tri tinh 6n

dinh cua ludi trong cac di€u kién can thiét. Khi tan s6 hoac dién &p gidm xudng dudi diem

lam viéc da dugc cai dat, cac relay tan so6/dién ap cua hé thong phat tin hi€u cat tirng muc

phu tai, do do6 ngén can sy suy giam tan s6/di¢n ap va cac anh hudng cia no.

a. Sa thai phu tai dwéi tin s6 (UFLS)
Sa thai phu tai du6i tan s6 (UFLS) duoc ap dung trong trudng hop cé su cb nghiém

trong, lam gidm nhanh & tan sb do viéc mét cac may phat dién. Theo tiéu chuan IEEE, sa

thai duéi tan sé phai duoc thuc hién mot cach nhanh chéng dé ngin ngira tan sé hé théng

dién giam bang cach giam tai hé théng dién dé dap mg can bang cong suat phat dién hién

c6 [9]. Vi muc dich nay, gia tri ngudng tan s duoc thiét 1ap dé bt dau sa thai phu tai
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dudi tan s6. Gia tri tin sb t6i thiéu chdp nhan phu thudc vao thiét bi ciia h¢ théng, chang
han nhu cac loai may phat dién, thiét bi phu trg ctia nd, va quy dinh ctia mdi qudc gia. Cac
relay UFLS dugc khoi tao dé sa thai mot lwong tai ¢d dinh trong cac budc duoc xac dinh
trude, khi tan sb giam xudng dudi mot ngudng nhat dinh nhim ngin ngira sy ¢ tan ra ludi
dién. Cac nha van hanh hé thng truyén tai dién chau Au (ENTSOE) [10] d3 dé nghi cac
budc sau day dé sa thai dudi tan so:

- Giai doan dau tién tu dong sa thai phu tai nén dugc khaoi dau ¢ 49 Hz.

- Tai 49 Hz, it nhat 5% té)ng murc tai tiéu thu nén duoc sa thai.

- Mot mitc 50% tai dinh mirc nén duoc cét bang cach sir dung relay dudi tn sb trong
dai tan sb tir 49,0-48,0 Hz.

- Trong mdi budc, sa thai khong quéa 10% tai thi duoc khuyén céo.

- Thoi gian tré cit tdi da nén 1a 350 ms bao gdm cé thoi gian van hanh may cit.

Sa thai phu tai dudi tin s6 dugc nhidu nha van hanh hé thong dién ap dung: Hoi dong
Diéu phbi d6 tin cay bang Florida (FRCC) [9], Hoi dong dién tin cdy cia Texas ERCOT
[9], Hé thong dién Viét Nam [11], ...

Bang 1.2: Luong cong suit tai duoc cit tai moi budc theo sy thay ddi tan sb ciia FRCC

Ciac buéc | Tan so sa | Thoi gian | Lugng tai sa thai Tong sb lwong
UFLS thai tai (Hz) | tré (s) (phén trim tong tai) | tai sa thai (%)
(%)

A 59,7 0,28 9 9

B 59,4 0,28 7 16

C 59,1 0,28 7 23

D 58,8 0,28 6 29

E 58,5 0,28 5 34

F 58,2 0,28 7 41

L 59,4 10 5 46

M 59,7 12 5 51

N 59,1 8 5 56

Béang 1.3: Chuong trinh sa thai tai cita ERCOT

Tan s6 sa thai Tai sa thai

59,3 Hz 5% Tai h¢ thong (Tong 5%)

58,9 Hz Cong thém 10% tai hé thong (Tong 15%)
58,5 Hz Cong thém 10% tai hé thong (Tong 25%)

Dbi véi cac may phat dién, hoat dong diéu tan dugc thyc hién nhu sau:
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- Tai 49,8 Hz, ché d6 khoi dong nhanh nha may phai dugc thuc hién va két ndi véi
ludi dién.

- Pdi v6i hé théng dién hoat dong & tin s6 50 Hz (hodc 60 Hz), tan sé hoat dong cho
phép t6i thiéu thuong duoc khuyén cdo theo nha san xuét cho tuabin 13 47,5 Hz (57,5 Hz)
[12], [13]. biéu nay la can thiét dé bao vé may phat dién va cac thiét bi phu tro cua né boi
vi cac dich vu phu trg nha may dién bt dau truc tric ¢ tin s6 47,5 Hz; tinh hinh sé& tré nén
nghiém trong vao khoang 44Hz dén 46 Hz. Hon nixa, hoat dong phat dién tai 47,5 Hz hoac
thap c6 thé 1am hong canh turbine va lam giam tudi tho ctia né [14]. Do d6, sa thai phu tai
trong hé thong dién s& gitip ngin chin sy mit mat ciia may phat dién, hu hong thiét bi, va
mat dién.

DPdi véi hé théng dién Viét Nam, quy dinh tan s& dinh muc trong hé théng dién la
50Hz. O cac ché d6 van hanh khac nhau cta hé théng dién, tan sé duoc phép dao dong
trong pham vi quy dinh. Tan s dugc phép dao dong tir 49,8Hz dén 50,2Hz trong diéu kién
van hanh binh thuong. Khi sy ¢b xdy ra, tin s dugc phép dao dong trong khoang 49,5Hz
dén 50,5Hz. Theo Quy trinh Idp ké hoach, huy dong dich vu diéu tan va die phong quay, do
Cuc Diéu Tiét Pién Luc B cong thuong Viét Nam ban hanh 2015 [11], diéu khién tan sb
0 Viét Nam duoc chia lam 03 cép nhu sau :

- Diéu khién tan sb cip I 1a dap tmg cua hé thong may phat nhim duy tri tan sé dinh
murc 50,0Hz véi dai dao dong cho phép + 0,2Hz.

- Piéu khién tan s6 cip II 1a diéu chinh ty dong hodc diéu chinh bang tay cac to may
phat dién nhim dua tan sé ndm ngoai khoang 50,0 + 0,5Hz vé gi6i han trong khoang 50,0
+ 0,5Hz.

- Diéu khién tan sb cép III (sau day viét tit 1a diéu tan cap III) la diéu chinh bang su
can thiép boi 1énh diéu d6 dé dua tan sb hé thong dién van hanh 6n dinh theo quy dinh hién
hanh va dam bao phan b kinh té cong suit phat cac to may phat.

B diéu tdc cua td may phat dién cia nha may dién c6 cong suit lap dit trén 30 MW
phai c6 kha ning lam viéc v6i cac gia tri hé sd tinh cta ddc tinh diéu chinh nhé hon hoic

bang 5%.
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Céc to may phat dién tham gia diéu tin phai c6 kha ning thay ddi it nhat 4% cong
sudt dinh mirc cua td may trong vong 10 gidy va ¢ thé duy tri mirc thay doi nay tdi thiéu
trong 10 phut. Pong thoi, cac to may ndy phai c6 kha ning ting hodc giam cong suét tu
dong theo tan s6 mot cach tu dong.

T6 may cung cép dich vu du phong quay phai c¢6 kha ning ting coéng suét trong vong
25 gidy va duy tri & mirc cong suat d6 tbi thiéu 30 phit. Pong thoi cac té may nay phai co
kha ning ting cong suit theo tan s tr dong hodc bang tay.

Dbi v6i trudng hop tan sb thay doi nhanh chéng va vuogt ra ngoai pham vi ty diéu
khién cua cac to may phat dién khi ma diéu khién bang tay khong du thoi gian dé diéu
chinh hé thong thi phuong 4n sa thai tr dong duoc dung dé diéu khién tan sb hé thong dién
trinh bay ¢ Bang 1.4 [15]. Phan cdp diéu khién tan sb & hé théng dién Viét Nam duoc trinh
bay & Hinh 1.3.

Bang 1.4: Phan bb cong suit sa thai st dung UFLS trén hé thong dién Viét Nam

Luwong cit tinh theo % phu tai khu vue
Tan s, Hz (tlf?’i gian ccz'it t= Os.) Y
Mién Bac, mién <A
Mién Nam
Trung
49,0 5 5
48,8 5 5
48,6 5 5
48,4 5 5
48,2 5 5
48,0 5 15
47,8 10 15
47,6 15 10
47,4 10
Tong cong 65 65
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SO DO PHAN CAP PIEU CHINH TAN SO HE THONG DIEN

485 49 49.5 49.8 50 50.2 50.5 51
P s I — | I — — I — —
I I I I I 1 I 1 Ll 1 1 | I 1 1 |
Viing didu chinh cla nha Viing didu chinh cla nha
méy diéu tan cp 1 méy diéu tan cdp 1
Viing didu chinh cla nha Viing didu chinh cla nha
méy diéu tan cép 2 méy didu tan clp 2
Ving
t4n
sb
Tur khéi ddng theo tan s6 bt
e dong Ao
cho ay
phep
Ty dong sa thai phu tai
theo tan sd
Téc 80ng cla K su didu Téc d0ng cla K su didu
hanh HTD QG hanh HTD QG
l l 1 1 l 1 l l 1 1 1 L l 1 1 1 l
1 I I 1 1 1 I 1 I 1 1 I 1 1 1 1 1 1 1 I
48.5 49 495 49.8 50 50.2 50.5 51

Hinh 1.3: So d6 phan cip diéu chinh tan sé trong HTD Viét Nam

b. Sa thai phu tii dwdi dién ap (UVLS)

UVLS duoc thuc hién dé bao vé hé thdng dién tranh sup d6 dién ap. Mat 6n dinh dién
ap thuong xdy ra do may phat dién hodc duong diy budc phai cit, hodc qua tai. Khi diéu

nay xay ra, nhu cau céng suat phan khang trong duong day truyén tai thay d6i nghiém trong

va o thé gay ra su cb mat dién néu khong phuc hdi nhanh chéng. K thuat UVLS duoc ap

dung béi cac cong ty dién luc dé ngan chén sy mat 6n dinh dién ap va khoi phuc dién ap

dén gia tri dinh muc caa né [16], [17].
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c. Nhirng han ché ciia cic phwong phap sa thai phu tai truyén thong

Céc phuong phép sa thai phu tai truyén thong c6 vu diém 1a chi phi thap, nguyén Iy
1am viéc don gian, viée cit tai gan nhu dién ra tirc thoi khi tAn sé thap nén duoc Gng dung
rat rong rdi. Tuy nhién, cic phuong phap nay thuong bi han ché boi khong thé cung cép
phuong phép sa thai phu tai tdi wu. Cac phuong phap nay chi can lam theo mot quy tic
dinh san dya trén cai dit san cua cac relay dudi tan s6 hoac dién ap, trong d6 mot $6 lugng
cb dinh tai duoc cit ra khi tan s6 1éch khoi gia tri cho phép. Nhuoc diém chinh cta phuong
phap nay 1a n6 khong uée tinh duoc lugng cong suat mat can bang trong hé théng. Két qua
1a gy ra sa thai qua murc, anh hudng dén chat lugng dién ning, hoic din dén ngung cung
cép cac dich vu dién, gay thiét hai nhiéu cho nén kinh té [18]. Viéc sa thai tai qua muc da
khong duoc wa chudng vi nd gay ra sy bét tién cho khach hang. Céc cai tién vé cac phuong
phap truyén thdng nay di dan dén sy phat trién cua k§ thuét sa thai phuy tai dua trén tan sb
cling nhu toc d6 thay d6i cua tan s6. Diéu nay din dén du doan t6t hon cua phu tai s& phai

sa thai, va nang cao d6 chinh xac.

1.4.2 Sa thai phu tai thich nghi
Phuong phép sa thai phu tai thich nghi sit dung phuong trinh chuyén dong rotor dé
wdc luong cong sudt can sa thai. Cong sudt mat can bang trong hé thong co thé c6 dugc

bang cach sir dung phuong trinh [19]:

f ) dt (1.1)

O day: AP 14 luong cong suat mat can bang, H 1a hang s6 quan tinh ciia may phat, f1a
tan s6 dinh muac (Hz), df/dt 1a do thay ddi cta tan sé (Hz/s).

Khi hé thong bi su ¢b, c6 su thay doi trong tan sb ciing nhu téc d6 thay ddi cua tan sb
(ROCOF: Rate Of Change Of Frequency), 4p dung céc gi tri trong biéu thirc (1.1) dé udc
tinh lwong cong sudt mat cin bang. Sau dé, luong cong sudt dugc sa thai dya trén relay
ROCOF duoc thyc hién dé 6n dinh tan s6 hé thong dién [20]. Viéc sa thai phu tai thich
nghi cé thé duoc cai thién br?mg cach str dung ca hai thong s6: do 1éch tan sb va dién ap.

Phuong phéap dugc dé xuat trong [18], trong d6 cho thiy rang phuong phap duoc dé xuat
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c6 thé ting cudng do tin cdy vé sy 6n dinh tan s va 6n dinh dién ap, cho thay higu qua tot
khi gip phai nhitng su ¢b nghiém trong.

Phuong phap sa thai phu tai thich nghi dya trén tin hi¢u df/dt thuong dugc phan thanh
ba cu trac: su thich nghi cua ngudng tn s sa thai phu tai df/dt (f-df/dt); thich nghi thoi
gian tré sa thai phu tai v&i df/dt (LD-df/dt); thich nghi lugng phu tai sa thai moi budc voi
df/dt (LD-df/dt) [21]. Can chu y rang 2 phuong phap dau tién khong hiéu qua trong thyc
té, nhung phuong phap thir 3 khong chi c6 anh hudng 16n dén 6n dinh hé thdng ma con cé
thé dugc thyc hién voi relay dudi tan sb cho phép.

Phuong phap sa thai phu tai thich nghi dam bao dg tin cay ctia phuong phap sa thai
thong thuong. Tuy nhién, nhitng phuong phap ndy ciing ¢6 nhitng nhuoc diém tir viéce tdi
vu hoa sa thai phu tai dwa trén do bién d6i df/dt. Cac gia tri df/dt c6 duge phu thude vao
kha ning ciing nhu tinh trang van hanh cua hé thng dién (cong suit phu tai, kha ning
mang tai lic cao diém). Cac gia tri cia df/dt thi khac nhau dbi véi ciing mot luong tai bién
d6i lic binh thudng va lac tai dinh cuc dai. Viéc bién d6i df/dt nay dwa dén két qua 1 wéc
luong khong t6i wu viéc mat cAn bang coéng sudt va anh huong dén viéc thuc hién céc

phuong phép sa thai phu tai thich nghi.

1.4.3 Phwong phap sa thai phu tii thong minh

Heé théng sa thai phu tai thong thudng chi tin cdy trén hé thong do ludng tan s khong
thé duoc lap trinh voi su hiéu biét cua nguoi thiét ké hé thdng dién. K su hé thdng phai
thuc hién nhiéu nghién ctru hé théng bao g6m tat ca cac hé va cac diéu kién van hanh hé
thdng c6 thé hiéu dugc dé thiét ké dang hé thdng dién. Su hiéu biét vé hé thdng cia k¥ su
dat dugc thong qua cac nghién ciru 13 khong dugc tan dung hét.

Hé théng sa thai phu tai hién dai s dung su thu thap dir li¢u rong 16n thoi gian thuc
dugc cap nhat lién tyc theo mo hinh hé théng thoi gian thyc bang mdy tinh. Giai phap tdi
wu nay gitp cho su duy tri hé théng bang cach sa thai chi lwong phu tai can thiét va duoc
goi la sa thai phu tai thong minh ILS (Intelligent Load Shedding). P6 1a phuong phap kich

hoat nhing relay dudi tin s6 dua trén mot chwong trinh sa thai tai thong minh bién doi
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dong. Cac thanh phan chinh cta chwong trinh nay 1a: cac co sé tri thie, danh sach nhiéu
va cac cong cu tinh toan ILS [22]. Hé thdng nay phai c6 cac kha ning sau:

- Kha ning anh xa mot h¢ théng dién phi tuyén phirc tap véi mot sd luong gidi han
cac diém tap hop dit liéu téi mot khoang khong gian xac dinh.

- CAu hinh hé théng nhé ty dong, cac diéu kién van hanh nhu 14 tai dugc thém vao
hay loai ra, va dap ung hé thong t6i cac nhidu voi tit ca cac cau hinh hé thong.

- Nhén dang cac mau hé théng khac dé du doan dap tng hé thdng cho cac nhidu khac.

- Tan dung vao sy hiéu biét ban diu co thé cai thién dugc bang cac trudng hop di xac
dinh dugc khéach hang.

- Kha nang thich nghi huin luyén tu dong va hé tu hoc cua co sé tri thirc hé théng
dan dén cac thay d6i cua hé thong.

- Ra céc quyét dinh nhanh, dung, va tin cdy trong viéc vu tién sa thai phu tai dya vao
tinh trang tai thuc té ctia moi may cat.

- Sa thai lvong phu tai nho nhat dé duy tri 6n dinh tan s cta hé théng.

- Su két hop t6i wu dé sa thai ctia cac may cat véi sy hiéu biét day du cac rang budc
van hanh cua hé théng.

Heé thdng sa thai phu tai thong minh phai c6 mot co sé tri thirc. Dé co s6 tri thuc tro
nén hiéu qué, né phai c6 thé nim duoc cac thong sd then chdt cia hé thdng, théng s6 ma
c6 tac dong truc tiép vao dap Gmg tan sd hé théng khi co cac nhidu. Céc thong sb nay bao
gom:

- Cong suat cia hé théng va ludi thay doi ca trude va sau nhidu.

- Kha ning phét dién trude va sau nhiéu.

- Pong hoc clia may phat dién tai cho.

- Tai thyuc té va céc tinh trang dugc cap nhat cua moi phu tai co thé sa thai.

- Pic diém dong hoc cua cac phu tai hé thong. Pic diém nay bao gdm cic may dién
quay, céac tai tré khang khong ddi, cac tai dong dién khong doi, cac tai cong suit khong
ddi, cac tai phu thudc tan sd, hodc 1a cac dang khac cua tai.

Céc yéu cau phai duoc trao ddi trong sudt qué trinh thiét ké va hoat dong ctia ké hoach

sa thai phu tai thong minh bao gom:
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- Co s6 tri thire dd duge cu hinh va dugc lua chon can than.

- Kha nang thém tinh logic xac dinh khach hang.

- Mot hé théng giam sat truc tuyén c6 thé ¢ dugc su lién két voi dir liéu hé théng
thuec.

- Kha ning thyc hién mot phuong phap du bao va ngin ngira dé c6 thé dua ra mot
kiéu sa thai phu tai dong twong tng véi cac thay doi cau hinh hé thong va cac nhiu da
duoc xac dinh trudc do.

- Mot hé théng diéu khién tai chd phan phdi cho hé thdng sa thai phu tai thong minh.

Nhiéu loan hé
thong hoac mat
dién

Giam sat Kiém soat Sa thai
cap cao phan loai | tai

' =X = - T

Danh séch Co so tri Coéng cu Klenln soat|  |Sa 11;131
nhicu loan thire tinh toan phan loai tai

k

M6 hinh Kiém soat _|Sa thai

mang hrai phan loai tai

Hinh 1.4: Ciu tric téng quat ctia chuong trinh ILS
Trong so do khéi chirc ning cuia hé thng ILS trinh bay ¢ Hinh 1.4, cac co s tri thirc
1a cac khdi quan trong nhat. Co sé tri thirc duoc két ndi toi cong cu tinh toan, giri cac tin
hiéu ngét dén céc relay. Cac md hinh mang c6 thé dugc truy cap boi cac co sé tri thiic trong
khi giam sat hé théng.
Co s6 tri thie duge huin luyén va dau ra cua nd bao g6m céc dién bién dong cua h¢
thdng va cac dap ung tan sb trong khi nhidu. Co sé tri thirc dwge huin luyén nay ciing giam

sat h¢ thong lién tuc cho tat ca cac di€u kién van hanh.
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Danh sach nhiu bao gdm céc nhiu hé théng da dugc xéc dinh trude d6. Can cir vao
cac yéu td dau vao cho hé théng va cap nhat hé thdng lién tuc, cac co so tri thirc thong bao
va giri dinh ky cac yéu ciu téi bo phén tinh toan sa thai phu tai thong minh ILS dé cap nhat
cac kiéu sa thai phu tai. Vi viy, n6 dam béo ring sa thai tai luén ludn 1a nhé nhat va tbi wu
khi ¢6 nhiéu xuét hi¢n.

Céc kiéu sa thai phy tai dugc truyén xudng cac bd didu khién phan phdi da duoc dinh
vi két ndi toi mdi phu tai co thé sa thai. Khi c6 nhidu xdy ra, hanh déng sa thai phuy tai
nhanh c6 thé duge thyc hién.

Phuong phap sa thai phu tai thong minh ILS 14 tip hop cac k¥ thuat duoc 4p dung dé
bat chudc tri thong minh ciia con ngudi. Nhitng k¥ thuat nay bao gdm cic mang neural
nhan tao (ANN), hé thdng suy luan neural-md thich nghi (ANFIS), diéu khién logic m&
(FLC), thuit toan Genetic (GA) va thuat toan T6i wu bay dan (Particle Swarm
Optimization). Nhitng k¥ thuat nay c6 thé dé dang giai quyét nhimg van dé phi tuyén, da
muc tiéu trong cac hé théng dién ma thong thuong khong thé duoc giai quyét bang cac
phuong phéap thong thuong véi tdc d6 mong mudn va do chinh xac chap nhan duge [23],
[24].

Do ciu tric phuc tap cta hé thong dién hién dai va quy mé 16n, phuong phép sa thai
phu tai truyén thong c6 thé khong 1am viéc hiéu qua khi c6 sy cb ngdu nhién xay ra. Phuong
phap sa thai phu tai duéi tin s6 UFLS théng thuong c6 thé sa thai nhiing tai khong can
thiét va sa thai du ra so v&i thuc té yéu cau boi vi nd ngit tai két ndi trong cac bude ¢b dinh
ma khong thue sy do luong sy mat can bang cong suat [25]. Viée sa thai phu tai khong du,
sa thai b thiéu gay ra sy thay d6i dang ké tan s6, ma sau d6 co6 thé din dén su cb ra ludi,
trong khi sa thai phu tai nhiéu hon so véi yéu cau s& din dén mat dién qua nhiéu [26], [27],
[28]. Phuong phép sa thai phy tai tdi vu 1a mot van dé t6i wu hoa phi tuyén phai giai quyét
v6i nhiéu diéu kién rang budc. K¥ thuat tdi vu thong thudng di dugc chirng minh 13 khong
du khi giai quyét cac van dé phi tuyén phurc tap [29]. Nhu vay, mot phuong phép sa thai
phu tai hiéu qua 13 rit quan trong dé sa thai phuy tai t6i uu va duy tri sy n dinh hé théng

dién.

22



Trude khi thyc hién trén mot hé théng dién thuc té, nhitng phuong phap sa thai thong
minh phai trai qua mot loat cac mé phong dé xac dinh sa thai phu tai t6i wu cho tinh hudng
ngﬁu nhiéu nhu: su ¢d ngén mach, ngét duong day, cac van dé méat 6n dinh dién ap, chia
cit hé théng dién thanh cac vung doc 1ap, va cac van dé on dinh tan s6. Sau khi huén luyén
va thir nghiém thanh coéng cac k¥ thuat téi uvu hoa cho nhiing tinh hudng, ching dugc ap
dung trong diéu kién thoi gian thuc. Néu hé théng dién gip bat ky cac van dé trén, cac
phuong phap nay cé thé cung cép sa thai phu tai tdi wu cho trudng hop d6, xem nhu giai
phap t6i wu cho truong hop d6 da duoc xac dinh.

Céac uu diém ctia phuong phap sa thai phu tai thong minh so véi cac phwong phap

truyén théng dugc tom tit trong Bang 1.5.

Bang 1.5: So sanh cac tinh ning cia cac phuwong phap truyén thong va théng minh

STT | Tinh Phuwong phép truyén thong | Phwong phap thong minh
nang

1 Sa  thai | Khong cung cip sa thai phu | Co kha ning cung cip sa thai phu tai
t6i vu tai toi uu t6i wu

2 Hé thong | Khong thé giai quyét hiéu | Co thé giai quyét hiéu qua véi cac hé
dién qua voi cac hé théng dién | thong dién hién dai va phirc tap
phuc tap | hién dai va phrc tap

a. Phwong phap wng dung mang neural (ANN) trong sa thai phu tai

ANN Ia mét moé hinh toan hoc dua trén cac hé théng than kinh cta con nguoi. Cac
nha nghién cru da 4p dung ANN d¢é sa thai phu tai trong hé thdng dién. Hsu va cac cong
su [26] da dé xuat mot k¥ thuat sa thai phu tai dua trén mang ANN cho h¢ théng nhiéu may
phat. Qué trinh dao tao mang ANN duoc to chirc bang cach xem xét ba ngd vao - tong cong
sudt phat, tong nhu ciu phu tai, va do suy giam tan sé va mot dau ra — luong tai sa thai ti
thiéu. K§ thuat nay da dugc kiém ching va so sanh véi cac ki thuat thong thuong. Két qua
cho thiy rang phuong phap duoc dé xuat thyc hién sa thai phy tai nhanh hon so véi cac k¥
thuat théng thuong. Cac ing dung khac cia ANN cung cip sa thai phy tai nhanh va tbi wu
trong hé théng dién doc 1ap duogc trinh bay trong [25], [30]. Phuong phap nay da dugc kiém
chtng trén mang 39 bus New England. Hé théng thir nghiém 39 bus c6 10 may phat dién
cung cip cho 19 phu tai tap trung. Két qua mo phong cho thiy rang k§y thuat dé xuat cung

cap sa thai phu tai t61 wu. Do d6, su 6n dinh cua h¢ thong dién dugc nang cao.
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Kottick va Or [31] sir dung hai mé hinh mang neural dé giai quyét su c¢6 mat dién cua
mot don vi phat di¢n khi mot hé théng dién bi co 1ap. Mang no ron dau tién xac dinh tan
s6 t6i thiéu thép nhét trong luc mat dién ciia mot don vi phat dién va mang no ron thir hai
du doan c6 bao nhiéu giai doan hoac chién lugc sa thai phu tai sé dugc yéu cau thuc hién.
Mot ting dung khac ciia ANN h trg trong viée ra quyét dinh ctia cac nha van hanh hé théng
dién theo hudng 6n dinh nhanh chéng ctia hé théng nhiéu may dugc thao luan trong [32].

Hsu va cac cong su [33] dé xuit mot k¥ thuat sa thai phu tai dya trén ANN dé nang
cao do tin cay cua hé théng dién Pai Loan. Pai Loan bi cét dién nghiém trong vao ndm
1999 do su ¢ dudng day giita cac ving mién Nam va Trung va Bic Dai Loan. Su cb nay
anh hudng 82,5% khach hang tiéu thy dién & Dai Loan [34], [35], [36]. Hé thong dién Pai
Loan hién dang stir dung mot k¥ thudt sa thai phu tai gdm 15 giai doan. Cac két qua mé
phong cho thiy ring phuong phap dé xuét cung cip chinh xac lwong tai phai sa thai.
Purnomo va cac cong su [37] da trinh bay k¥ thuat sa thai phu tai duya trén ANN cho viéc
du doan tan sb giam nhanh trong hé thong dién.

Mitchell va cac cong sy [38] trinh bay mot chién luogc dyua trén ANN mdt cach nhanh
chong va toi wu du doan dap Gmg dong cuia mot hé thong dién. Mot k¥ thuat tinh toan hiéu
qua dua trén ANN dé du doan cac chién luge phu hop cho viée thiét 1ap cai dit relay sa
thai dudi tan s6 UFLS duoc thao luan trong [39]. Javadian va cac cong su [40] dé xuit mot
k¥ thuat dua trén ANN thuc hién cho nhiing su ¢ nghiém trong xay ra trong mang luéi
phan phdi cac may phat DG. Cac k§ thuat dugc dé xuat thyc hién sa thai phu tai bang cach
tach cac mang lu6i phan phdi thanh nhiéu khu, mdi khu c6 kha ning hoat dong & ché do
doc lap.

Mic du ¢ nhitng loi thé ma ANN vuot qua cac k§ thuit théng thuong, nd ¢6 mot sb
han ché ma c6 thé gi6i han viéc thuc hién n6 trong cac ing dung thuc tién. Nghién ctru da
chtng minh ring ANN c6 thé cung cap két qua kha quan (duoc dio tao) chi cho cac truong
hop dugc biét dén. ANN khéng dy doan dwge két qua chinh xac cho nhimng trudng hop
chua biét (chua qua dao tao) hodc cac truong hop khac [41]. Pidu ndy c6 nghia raing ANN
s& khong cung cap dau ra chinh x4c lién quan dén céc trudng hop khong duogc dio tao trong

ANN. Mot nghién cuu vé van dé nay dugc thuc hién bé“mg cach kiém tra mang ANN st
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dung hai cau hinh. Trong c4u hinh dau tién, 16p ngd ra mang ANN c6 mét neuron, trong
khi cdu hinh thir hai, né c6 6 neuron. Méi ANN di duoc thir nghiém trén 22 trudng hop
chua biét dé du doan lugng tai sa thai. Vi cau hinh ANN dau tién, chi ¢6 10 truong hop
chua biét dugc danh gid mot cach chinh xac. Tuy nhién, vdi cAu hinh ANN tht hai, ANN
danh gia mot cach chinh xac 11 truong hop, 6 truong hop van khéng c6 mot quyét dinh,
va 5 trudng hop duoc danh gia sai. Piéu nay cho thiy ring hiéu qua cia ANN dbi voi
truong hop chua biét thi khong tét trong viée cung cip cac gia tri dau ra chinh xac. Mot 1y
do cho dap tng kém nay c6 thé 1a do cac dir liéu huan luyén c6 turong d6i it mau dugc lién
két chit chd véi cac truong hop khong rd. Qua dé két ludn ring ANN 14 ndi suy rat tot,
nhung khong phai 1d mot cong cu ngoai suy. Tac dong ddi v6i cac phan khong biét trude
ciia ANN lam nghi ngd vé do tin cdy cua no6. Mot két luan tuong tu - 6 14 ANN khong
cung cap két qua chinh xéac trong cac tinh hudng mang khac nhau - di dugc rat ra boi

Hobson va Allen [42].

b. Ung dung diéu khién mo trong sa thai phu tai

Piéu khién mo FLC (Fuzzy Logic Control) 1a mét cong cu toan hoc phit hop cho mo
hinh hoa mot hé théng qua phire tap va khong duoc xac dinh bang biéu thirc toan hoc. FLC
da duoc ap dung rong rai trong viéc khoi phuc tan sb ciia hé théng dién.

Céc nha nghién ctru d3 4p dung diéu khién logic mo cho tmg dung sa thai phuy tai. Mot
bd diéu khién mo di duoc str dung cho sa thai phu tai thong minh dé cung cip kiém soat
su cb trong hé théng dién [43]. Hi¢u qua cua FLC trén h¢ théng thir nghiém [EEE 300-bus
cho thdy ring n6 cho phép sa thai tai chinh xac trong cac tinh hubng. Cac tmg dung logic
mo dé tranh sup d6 dién ap bang cach sa thai tai nhiing nut tai yéu dugc trinh bay trong
[44]. K§ thuat ndy di duoc thir nghiém trén hé thong Ward-Hale 6-bus va IEEE 14, 30, va
céc hé thong 57-bus. Cac két qua mo phong cho thay rang ki thuat dé xut co thé thuc hién
thanh cong trén mot hé théng co kich thudce bat ky.

Sallam va Khafaga [45] ap dung diéu khién logic md dé sa thai phu tai dé c6 dugc su
6n dinh dién ap trong hé thong IEEE 14-bus. Két qua md phong cho thay sa thai phy tai

v6i bo didu khién logic mo thanh coéng va phuc hdi dién ap dén gia tri dinh mirc. Mot tng
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dung khac cua FLC cho sa thai phu tai 1a dic biét dé gitr 6n dinh dong dién ap nhu trinh
bay trong [46]. Trong mot hé théng phan phdi bi chia tach, tin sb hé théng dién 13 rit nhay
cam véi sy thay doi tai va co thé gy mat dién hodc qua tai néu khong khoi phuc nhanh
chong va dung cach. Mot phuong phap logic mo dya trén k¥ thuat UFLS két hop voi xép
thir ty wu tién phu tai va dugc trinh bay trong [47]. Cac két qua mé phong cho thay k§ thuét
dua trén mod hoa cung cép sa thai phu tai toi wu va phuc hdi tan s6 thanh cong toi gi tri

dinh mrc.

c. Ung dung hé thdng suy luiin neural-mo thich nghi (ANFIS) trong sa thai phu tai
Phuong phap ANFIS dua trén su két hop ciia cc mang than kinh nhén tao va diéu
khién logic md. ANFIS két hop cac kha ning hoc tp cia ANN vé6i phép giai mo cia hé
théng FLC [48]. ANFIS ciing di duoc ap dung cho cic Gmg dung sa thai phuy tai trong mot
hé théng dién. Mot trng dung ctia ANFIS cho sa thai phu tai thong minh dé xac dinh luong
tai sa thai duoc trinh bay trong [43]. K§ thuat nay da dugc thir nghiém trén hé thong kiém
tra IEEE 300-bus. Cac két qua thir nghiém cho thay ring k§ thuat ANFIS cung cap mot
lugng tai sa thai chinh xac va c6 kha nang dugc stir dung trong cac trng dung thoi gian thuyec.
Mot ung dung tuong tu ctia ANFIS duoc dap dung thir nghiém trén h¢ théng ludi dién
Malaysia 87bus dé kiém soat 16 hong ciia n6 [24]. Bikas va cac cong su [49] ap dung k§
thudt cay quyét dinh neuro-fuzzy trén mot hé théng dién cho tng dung sa thai phu tai. Ho
xem xét 2 truong hop nghién ctru. Trudng hop nghién ciru du tién xem xét hé thong dién
véan hanh trong diéu kién véi rii ro mat 6n dinh cao, lién quan dén k¥ thuat sa thai phy tai
dé ngin chin su sup d6 dién ap hé thong. Trudng hop thir hai xem xét sy tich hop cua dién

gi6 trong hé théng dién hién tai.

d. Ung dung thuit toan di truyén (GA) trong sa thai phu tai

Thuat toan di truyén (GA) la nhitng k¥ thuat t6i wu hoa toan cuc dé giai quyét cac bai
toan phi tuyén, cac van dé da muc tiéu gi6i thiéu boéi John Henry Holland tai Pai hoc
Michigan vao ndm 1975 [50]. GA c¢6 mét sé ing dung cac van dé sa thai phu tai. Sanaye-
Pasand va Davarpanah [51] 4p dung thuét toan di truyén cho (mg dung sa thai phu tai trong

hé thong dién. Co s¢ dir li€u cho cac van dé sa thai phu tai c6 dugc tir nghién ctru trao luu
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cong suét va d3 dugc thue hién thanh cong trén hé théng IEEE 30-bus. Mot k¥ thuat sa thai
phu tai dua trén GA khac xem xét sa thai phy tai tir mdi bus duoc dé xuét trong [52]. Cac
thut toan GA va thuat toan PSO da duoc sir dung dé giai quyét viéc mat may phat dién va
mat dién dudng day, va di duoc thir nghiém trén hé thdng IEEE 30-bus. Pap tng ciia GA
va thuat toan PSO trong tit ca cac truong hop nghién ctru duoc so sanh. Két qua cho thay
vé mat thoi gian tinh toan, thuat todn PSO nhanh hon so v&1 GA; con GA ¢6 lugng tai sa
thai it hon [53].

Céc tng dung thuat toan Genetic dé giam thiéu luong tai sa thai dugc dé xuét trong
[54] cho hé théng mot may phat, nit can bang. K thuat nay di duogc thir nghiém bang cach
mo phong nhu cau phu tai 12 thang cho mot cai dat tdi wu UFLS va cac két qua so sanh véi
phuong phéap truyén thong thong thuong. Két qua chi ra rang phuong phap dya trén GA c6
tinh kha thi va hiéu qua trong viéc cung cap sa thai phu tai tdi uvu. Luan va cc cong su [55]
da thao luan mot phwong phéap dya trén GA dé xéac dinh viéc khoi phuc ngudn cung cip va
t61 wu chién lugc sa thai phu tai cho mang ludi phan phdi.

Mot nd lyc dé xac dinh cac cai dat relay UFLS cho hé thong dién bi c6 1ap va mang
ludi nhé micogrid st dung thuat toan Genetic dugc thuc hién trong [56] va [57]. GA da
dugc sir dung dé xac dinh lugng tai tdi thiéu sa thai & tung giai doan cho céc relay dudi tan
s0. Phuong phéap duoc dé xuét da duge thu nghi¢m trén mot hé théng dién bi ¢ lap bao
gdm may phat dién ning luong gid va diesel [56], va trén mot hé thdng thir nghiém
microgrid c6 mot tua bin khi, tua bin gié, va mot hé thong nang lugng mit troi [57]. Lopes
va cac cong su [29] dé xuat mot phuong phap dua trén thuat toan GA dé xéac dinh sa thai
phu tai tdi wu cho cac truong hop su cb xay ra. Phuong phap dé xuat da duoc chirng minh
1a c6 tinh kha thi va hi¢u qua. Mot ing dung khéc ctia GA cho viéc danh gia an ninh hé
thong dién khi phai chiu mat mat 1 trong cac thanh phan K dugc trinh bay trong [58]. GA
xtr Iy van d& nay nhu 1a mot chuwong trinh hai mirc; trong d6 t6i wu héa mire trén xac dinh
mot tap hop cac thanh phan dich vu bi ngit trong hé théng dién, sau d6 t6i wu hoa cap thap
hon theo mé hinh phan mg cta cac nha diéu hanh hé thong trong qua trinh xay ra sy cd.

Két qua cho thay thuit toan GA thyc hién c6 hiéu qua vé chat luong giai phép.
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Han ché chinh ciia thuat todn GA trong viéc thyc hién tmg dung n6 trong thoi gian
thuc d6 1a dap tng chdm. Quan sat thiy rang thoi gian tinh toan cua thuat todn GA dé xac
dinh lugng tai sa thai 12 rat 16n. Viéc cham tré tuong ddi diéu nay 13 han ché cua thuat toan

GA trong viéc st dung ching cho cac trng dung thoi gian thuc [59].

e. Ung dung thuit toan PSO trong sa thai phu tai

Kennedy va Eberhart gidi thiéu thuat toan PSO vao ndm 1995, ldy cam hing tir nhiing
hanh vi xa hoi cua cac sinh vat nhu dan chim va bﬁy ca [60]. Thuat toan PSO da duoc
ching minh 12 mét k§ thuat manh va nhanh trong viéc giai quyét cac bai toan phi tuyén,
cac van dé da muc tiéu. Ngoai ra, thuat toan PSO tim ra giai phap t6i vu toan cuc nhanh
hon nhiéu so véi thuat toan GA Thuat toan PSO ciing da duoc 4p dung rong rai trong cho
rmg dung sa thai phu tai trong hé théng dién. Trong [61], cac mau cta tin sé hé thdng dién
duoc léy sau khi xay ra su cd, sau do, thuét toan PSO duoc st dung dé du bao tan sb tdi
thiéu dya trén cdc mau ndy. Phuong phap dé xuét da cho thay hiéu qua khi so sanh véi cac
phuong phap méi gin day. Mot cach tiép can lai dugc goi 1a k¥ thuét toi wu hoa by dan
dua trén mo phong linh hoat cling da dugc 4p dung trong sa thai dudi dién ap [62]. K§
thudt ndy cung cap sa thai phu tai dudi dién ap tdi vu dé giup 6n dinh dién ap 1au dai; né
da dugc ap dung trén cac hé thong kiém tra IEEE 14 bus va IEEE 118-bus. Phuong phap
duoc dé xuit xac dinh cac giai phap t6i ru toan cuc trong mot sd luong nhé cac bude lap.

Céc k¥ thuat tinh toan sa thai thong minh c¢6 kha ning cung cip nhanh chong va tdi
vu sa thai phu tai trong sudt thoi gian xay ra sy cd dé ngin ngira ra ludi. Tuy nhién, mdi
phuong phap déu cé nhitng han ché nhat dinh trong viéc thuc hién chung trong cac tng
dung thoi gian thyc. Bang 1.6 trinh bay tom tit nhimg wu diém va nhugc diém cua ki thuat

tinh toan thong minh cho cac tmg dung sa thai phu tai trong hé thong dién.
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Bing 1.6: Uu va nhuoc diém ctia cic k¥ thuat tinh toan sa thai phu tai thong minh

STT | K¥ thuat Uu diém Han ché
1 Mang Neural nhan | ANN c6 kha ning dam bao | ANN c6 thé cung cap két qua thoa
tao (ANN) [25], | mot luong sa thai phu tai | dang chi cho nhiing truong hop
[26], [30] t6i wu duogc biét dén va co thé khong du
doan dugc két qua chinh xac cho
cac truong hop khong biét hodc
thay doi
2 Diéu khién Fuzzy | FLC c6 thé duoc st dung | Cac thong sé ham thanh vién cua
Logic (FLC) [43- | dé sa thai phu tai trén mot | FLC yéu cau do wu tién kién thirc
471, [62] hé théng dién co bat ky | hé thong. Néu khong, nod céd thé
kich thudc cung cap sai viéc sa thai phu tai toi
uu
3 Hé thong suy luan | Cac théng s6 FLC dugc t6i | ANFIS co thé lam viéc vdi cac hé
thich nghi neural | vu hoa bang cach sir dung | théng loai Sugeno
md (ANFIS) [49] | ANN, ma c6 thé dan dén sa
thai tai chinh xéc
4 Thuat toan  di | GA la mot k¥ thuat t6i wu | GA mat mot thoi gian dai dé xac
truyén (GA) [51] — | hoa toan cuc dé giai quyét | dinh luong tai sa thai. Piéu nay
[54], [29], [59] cac van d& phi tuyén, da | lam han ché viéc sit dung chung
muc tiéu. GA dam bdo sa | cho cac ung dung truc tuyén thuc
thai lugng cong suat tai it | té
nhat.
5 Particle swarm Thuat toan PSO thi don | PSO la dé dang bi gian doan boi toi
Optimization gian va c6 kha nang dé tim | wu hoa thanh phan
(PSO) [61], [62] cac gia tri t6i uu
1.4.4 Nhan xét

Sa thai phu tai trong mot hé thong dién 1a mot qua trinh rat phire tap va nhanh. Cac
su ¢ trong qua trinh van hanh 13 khong thé doan trudce va thoi gian can thiét dé thuc hién
sa thai phu tai cling rat ngén. Va hé théng dién néu duoc phat hién mét 6n dinh tan sd va
thuc hién sa thai nhanh chéng, n6 s€ ngan can hé théng di dén viéc ra ludi, mat dién hoan
toan. Bén canh do, viéc sa thai phu tai cin phai dic biét quan tam dén do tin cdy cung cap
dién. Boi vi nhitng thiét hai do ngirng san xuét trong thoi gian dai khi thyc hién sa thai phu
tai khong dung thuong rat 10n, dic biét 1a ddi véi cac khu cong nghiép.

Ngay nay k§y thuat UFLS thong thuong thi khong thich hop cho cac hé théng dién 16n
va phirc tap. Cac su ¢b ra ludi gan day di xay ra trén thé giéi lam cho d9 tin cay cua cac

k¥ thuat thong thuong UFLS, UVLS khong con tin cay cao nhu trudc nira.
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O cac nude dang phat trién, ton tai khoang cach 16n giira nhu cau phy tai va nguén
phat, khi d6 van dé sa thai phu tai tr& nén can thiét dé khoi phuc tan sb hé thong dién.
Thong thudng, cac phuong phap sa thai phu tai dugc thuc hién theo phuong phap can bang
tai va khong c6 kha ning sa thai chinh x4c luong cong suit phu tai. Cac phuong phép sa
thai phu tai hién nay thuong duoc thuc hién trén toan bd phat tuyén do cac relay UFLS dit
& dau phat tuyén dé cit may cét theo cac ngudng tin sé do ngudi van hanh cai dit ma
khong xét dén loai phu tai, cling nhu tim quan trong cua cac phu tai duoc ddu ndi dén phat
tuyén. Vi vay cong suat s& khong duoc duy tri phan phdi dén cac phy tai quan trong va can
thiét nhat. Hon nita, viéc phdi hop cac ngudng cai dit tin sb cho cac relay UFLS cho tat
ca cac phat tuyén trén mot hé théng dién 16n pham vi ca nudc 13 cong viée rat phirc tap va
kho khan.

Gan day, cac su cd mat dién dién rong trén khz“'lp thé gioi da dat ra cau hoi vé dd tin
cdy ctia cac phuong phép sa thai phu tai truyén thong trong viéc chéng lai sy sup d6 hé
thdng dién. Do d6, yéu cau phai c¢6 nhitng phuong phép tin cdy hon dé dam bao viéc sa
thai phu tai nhanh chéng, chinh xac va giam thiéu thiét hai hon.

Céc phuong phap thong thudng, thim chi mot sé phuong phap théng minh chiang han
nhu Fuzzy logic, di truyén GA, thuat toan PSO, chi yéu dua trén sa thai phy tai dudi dién
ap & diéu kién trang thai van hanh 6n dinh ctia hé thdng. Do d6, nhitng phuong phap nay
khong du nhanh trong viéc sa thai phu tai tirc thoi. Hé thong sa thai phu tai thuc té dién ra
trong thoi gian thuc, va & phan ndy, dap (mg nhanh chéng clia mang neural c6 thé cung cap
kha ning t6i uu va dap tng viéc sa thai phuy tai trong diéu kién tirc thoi. Phuong phap nay
sa thai phu tai thich nghi str dung mang neural da dugc phat trién & [25], [33] trong d6 [25]
chi ra rang toc d6 phan Gng cua thuat toan ANN so v6i cac phuong phap khac nhanh hon
it nhat 1a 100 lan.

Trong hau hét cic nghién ciru trude day lién quan dén ANN, dau ra 1a tong luong
cong suét tac dung cho sa thai phu tai. Dau ra ndy khéng phai 1a tin hiéu thyc té, vi nd
khong xac dinh dugc s lwong tai ma phai 14 sa thai trong ting budc. Ngoai ra, khi tai
thudng xuyén thay doi trong hé théng dién, cac thuat toan sa thai phu tai nén duoc xem xét

trong diéu kién mé1 hon.
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Céc ky thuat tinh toan sa thai phu tai thong minh bao gom: ANN, logic mo,
neurofuzzy ANFIS,... c6 kha ning giup sa thai chinh x4c véi thoi gian ngén trong diéu
kién tinh hudng khan cap va str dung hiéu qua véi cac hé thong dién hién dai. Dbi véi cac
truong hop su ¢d khan cip nhu ngin mach trén cac dudng day, thanh gop hé théng dién,
tai thoi diém xay ra ngan mach c6 thé gy mat 6n dinh hé théng. Cu thé 13 trudng hop su
cd mat dién mién Nam Viét Nam ngay 22 thang 5 nam 2013 1am cac tinh thanh mién Nam
Viét Nam bj mét dién trong nhiéu gid. Nguyén nhan 1a do mot chiéc xe cau chd ciy gd
vuéng vao dudng day tai dién 500kV lam giy ngin mach trén hé thong. Poi véi trudng
hop su ¢ ndy, cac phuong phép sa thai phai tai UFLS truyén thdng da khong thé tac dong
kip dé duy tri mot phan hé thong hoat dong va giy ra ludi toan b mién Nam. Diéu nay
dan dén su can thiét phai nghién ciru hé thong nhan dang, theo ddi va phuong phap xir 1y
sa thai phu tai nhanh chong, hiéu qua dé ngin chin hé théng tré nén mat 6n dinh. No6i dung
chuong 2 sé trinh bay chi tiét cac giai phap dé giai quyét van dé nay.

Trong trudng hop su ¢b 1au dai, hé théng phat dién khong thé dap tmg nhu cau cong
suat phu tai trong thoi gian dai. Cu thé 1a sy ¢6 Nha mdy nhiét dién Mong Duong & Viét
Nam xay ra lic 5h41 ngay 25/05/2019 d3 1am cho TP.HCM va cic tinh phia Nam mat dién
trén dién rong. Riéng khu vuc TP.HCM, 1a khu vuc c6 ¥ nghia tim quan trong 16n trong
ca nudc vé nhiéu mat kinh té - chinh tri nhung van phai thuc hién sa thai UFLS ctia 45 phat
tuyén véi tong cong sudt bi sa thai 1a 132 MW. Trong d6, c6 cac phat tuyén quan trong &
cac Quan 1, Quan Binh Thanh, Quan Go Vép. Qua doé cho théy nhung han ché cua phuong
phap sa thai phu tai UFLS. Tir d6, cho thy viéc sa thai phu tai can xét dén cac chi tiéu kinh
té va tim quan trong cta phu tai trong mot mat bang tong thé hé thong dién trén ca nudc.
Chuong 3 sé trinh bay chi tiét noi dung va phuong phap dé giai quyét bai toan trén.

Cac chuong 4 va chuong 5 sé& trinh bay chi tiét viéc tinh toan luong cong suat sa thai
phu tai toi thiéu va phan bd luong cong suit sa thai phu tai tai cic nat phuy tai trén co s&

phéi hop nhiéu phrong phap nham théa man cac yéu td kinh té - k§ thuat.
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Chuong 2
PHUONG PHAP PIEU KHIEN KHAN CAP

SA THAI PHU TAI TRONG HE THONG PIEN

2.1 Pit van dé

Céc nghién ctru sa thai phu tai trude dy tap trung cha yéu vao muc tiéu 1a giai quyét
viéc t6i uu hoa lugng cong suét sa thai phu tai trong diéu kién ché do van hanh xéc 1ap cua
hé théng dién. Tuy nhién, do tinh phtrc tap ctia h¢ théng dién, trong céc ché d6 van hanh
khan cép, vi du nhu ngan mach trén cac duong day va thanh gop hé thdng dién, cac phuong
phap nay gip van dé vé khdi luong dir liéu, thoi gian tinh toan, va tdc do xir Iy chuong
trinh giai thuat tuong ddi cham hodc thuc hién sa thai phu tai thu dong sau khi cho tan sb
dudi ngudng cho phép, do d6 giy cham tré trong khau ra quyét dinh sa thai tai. Didu nay,
c6 thé dan dén lam mAt 6n dinh tan sb hé théng dién. Ngoai ra, cac nghién ciru nay chi tap
trung nghién ctru bai toan don 1é; d6 1a tmg dung céac giai thuat thong minh dé giai quyét
bai toan sa thai phu tai ma chua co6 sy két hop vai cac bai toan khéc, vi du nhu bai toan
nhan dang c6/khong sa thai phu tai trong mot giai phap tong thé dé duy tri 6n dinh tan sb
hé théng dién.

Dé khic phuc nhirng van d& trén, giai phap nhin dang c6/khéng sa thai phu tai sir
dung mang no-ron ¢ kha nang dap ting yéu cau phan loai nhanh khi xuét hién sy c¢b ngan
mach trong hé théng dién. Trong trudng hop két qua nhan dang 14 c6 sa thai phu tai, két
qua nhan dang nay s& phdi hop véi cac giai phap diéu khién sa thai phu tai da duogc thiét
1ap trude, gitip nhanh chéng ra quyét dinh diéu khién sa thai phu tai ngay sau khi c6 su cb

xay ra de khoi phuc va duy tri 6n dinh tan so cua h¢ thong dién.
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2.2 Phuong phap diéu khién khén cip sa thai phu tai trong hé thong dién
2.2.1 Phwong phap sa thai phu tai dé xuat [63], [64]

M0 hinh nguyén 1y cua phuong phap sa thai phu tai trén co s nhan dang nhanh trang
thai c6/khéng sa thai phu tai dugc trinh bay ¢ Hinh 2.1 [63] va md hinh chi tiét trinh bay &
Hinh 2.2 [64].

Bién dau vao_ Bikn
dang
AHP
ANNI1
. \ 4
__________ Chién___L ____, LS,
Bonhén | | Lyocdidu L. » LS
Bo chon | | SEE. khidnsa- - » LS,
| dang = )
L ______thiiphu_| ___ » LS,
ANN2 | B S .. b LS,
L

Hinh 2.1: M6 hinh nguyén 1y diéu khién khan cip sa thai phu tai

Nguyén 1y ctia phuong phép sa thai phy tai dé xuat duoc thyc hién nhu sau: Vector
bién dau vao chira thong tin dac trung cua trang thai hé théng dién khi bi su ¢b va duge thu
thap tir cc thiét bi do luong. Thong sd ctia cac bién dau vao chira dung sy thay doi tic thi
ctia cac thong sb trang thai ngay khi su cb xay ra nhu: d6 thay ddi cong suét ctia cac nit tai
(APioad), 40 sut ap tai cac nut (AVus), d0 thay doi cong sudt trén cic nhanh (APBrnch). Dua
trén cac bién dau vao nay, mang no-ron thir nhat ANN1 s& thuc hién nhan dang trang thai
hé théng dién c6/khong can sa thai phu tai. Néu két qua ngd ra cia ANNI 14 ¢6 sa thai phu
tai thi bo chon s€ kich hoat cho phép mang no-ron thir hai ANN2 hoat dong. Mang no-ron
thir hai s€ thuc hi¢én nhan dang céc chién luoc sa thai phu tai LS; (i=1,n) dé diéu khién chon
chién lugc sa thai phu tai. Cac chién lugc sa thai phu tai nay dugc xay dung dya trén thuat

toan AHP.
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D7
bl L8
P O
0 i Khoéng sa thai :
L Pl
-—>» LS
Input:
ARt ANN2 rf> LS
AVB'IE:
Amedh
-2 LS4
1
____}; LS_ﬂ
Sa thai phu tai B chon J

Hinh 2.2: M5 hinh chi tiét diéu khién khan cip sa thai phu tai
2.2.2 Xay dung tip miu va huin luyén mang no-ron ANN1
Hiéu qua cta phuong phap sa thai phu tai dé xuat duoc kiém tra trén so do hé théng

dién chuan IEEE 39 bus, 10 may phat, tan sé 60Hz. So db nay duoc trinh bay ¢ Hinh 2.3.
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Load
Center 2

Center 1

Hinh 2.3: So dd cac vung trung tAm tai trong so dd IEEE 39 bus 10 may phat

Phan mém PowerWorld GSO 19 duoc sir dung dé mo phong off-line nham thu thap
dir liéu cho danh gi4 trang thai hé thong dién co/khong sa thai phu tai khi cé su cb ngan
mach véi cac muc tai 80%, 90% va 100% phu tai co ban, thoi gian ¢t ngdn mach cia may
cat cai dit 1a 50ms [65]. Trong thir nghiém nay, cac sy cd ngén mach ba pha tai tat ca céc
thanh gop va doc cac duong day lién két voi mdi khoang cach 5% chiéu dai duong day
dugc xem xét. Hé thong dién sé& thuc hién sa thai phu tai khi tan s6 giam xubng dudi ngudng
cho phép 59,7Hz sau khi sy c¢b duoc giai trir va nguoc lai. i v6i no-ron thir nhit ANNI,
bién dau vao X {AVbus, APioad, APBranch} va bién daura y{1 0, 0 1}. Téng sb bién dau vao la
104 bién (bao gdm: 39 bién AVius, 19 bién APioad va 46 bién APgranch), va 2 bién dau ra (bao
gdm: ¢o sa thai phu tai, khong sa thai phu tai). Tong hop cac truong hop mé phong cho

cac muc tai xay dung dugc mot tap dir licu dau vao bao gém 892 mau, trong d6 bao g6m
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576 mau khong can sa thai phu tai va 316 mau can phai sa thai phuy tai. Trong qua trinh
huén luyén mang no-ron, tap dir liéu dugc chia ra 85% dit li€u dé huan luyén va 15% dir
lidu dé kiém tra. Cac dit liéu duoc chuan héa trude khi hudn luyén.

Tién hanh huin luyén mang no-ron ANN1 véi cac cong cu mang no-ron duoc hd trg
b6i phin mém Matlab. Cu hinh va thong sb mang Neural Perceptron gdbm 3 16p: 16p vao,
16p an va 16p ra. Giai thudt cap nhat trong sb va bias 1a Levenberg-Marquardt duoc khuyén
dung trong bai toan nhan dang nho tinh toan nhanh va d chinh x4c cao [66]. S& chu ky
huén luyén 1a 1000, sai s6 huan luyén le-5, cac thong s6 khac chon mic dinh. Két qua huin
luyén dbi v6i no-ron thir nhat ANN1 ¢6 do chinh x4ac huan luyén 1a 98,81%, do chinh xac

kiém tra 1 97,74% va két qua dugc trinh bay ¢ Hinh 2.4.

X:101
100 Y:98.81

u

u
X: 101
Y:97.74

. D6 chinh xdc kiém tra D6 chinh xac huén luyén_|

DG chinh xdc (%)

—e—Kiém tra
70

—e—Huén luyén

65 | | | |
0 20 40 60 80 100 120

S4 bién

Hinh 2.4: Quan h¢ d6 chinh xac huan luyén va kiém tra tuong ing véi s6 bién dau vao

2.2.3 X4y dung chién lwgc diéu khién sa thai phu tii dwa trén thuit toain AHP

Thuat toan AHP [67] dugc phat trién béi Thomas L. Saaty 1a mot phuong phép tinh
toan trong sd ap dung cho céc bai toan ra quyét dinh da tiéu chudn voi ¥ tudng 1a st dung
kién thirc chuyén gia dé xép hang cac ddi tugng trong mot hé théng. O day, ap dung thuat
toan AHP dé x4c dinh hé s6 tim quan trong va xép hang cac don vi phu tai trong hé thong
dién IEEE 39 bus, 10 may phat dya trén h¢ s6 tAm quan trong va thuc hién qua cac budc
sau:

Budc 1: Xac dinh cac vung trung tam tai (Load Center) LC; va cac don vi tai (Load

Unit) L; trong trong so dd hé thong dién. So dd thir nghiém duoc phan chia thanh 4 trung
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tam tai [68], viéc phan chia cac trung tAm tai nay dua trén tiéu chi cac tai gan nhau hoic
trong cung mdt cum tai gan nhau thi chung mot trung tAm tai, két qua phan chia cac ving

trung tdm tai trinh bay ¢ Hinh 2.5 va Bang 2.1.

Bang 2.1: Cac ving trung tAm tai va cac don vi tai trong so d6 IEEE 39 bus 10 may phat

Trung tam tai Don vi tai

Trung tdm tai 1 (LCy) L4, L7, L, L12, L1, L3o
Trung tdm tai 2 (LC») Lis, Lis, Loo, L1, La3, Log
Trung tam tai 3 (LCs) Lae, L27, Las, Lag

Trung tdm tai 4 (LC4) L3, Lis, Las

Buwéc 2: Xay dung mo hinh hé thdng phan cidp AHP dua trén cac vung trung tAm tai

va cac don vi phu tai xac dinh & Budc 1. M6 hinh phan cip AHP trinh bay & Hinh 2.5.

: Trong sé cia cic don vi tai trong hé théng |

Trung tim tail Trung tim tai 2 Trung tam tai3 Trung tam tai 4

:2?

:28

===
129 |

raii4|?‘s‘1z‘31‘39

26

|15 [as ] 20|21 [ 23 [ 2]

Hinh 2.5: M6 hinh phan cip AHP gdm céc ving trung tim tai va cac don vi tai

Buéc 3: Xdy duyng ma tran phan doan LC; va L thé hién tAm quan trong giira cac
trung tAm phu tai v6i nhau va tAm quan trong giita cac tai trong trung tim tai voi nhau. Gia
tri ctia cac thanh phan trong ma tran phan doan phan anh kinh nghiém tri thirc ciia chuyén
gia van hanh vé tAm quan trong mdi lién hé gitta cac cip hé s trinh bay & biéu thirc (2.1),
(2.2).

Wi /Wi Wit /Wiy oo Wi /Wi
Wi /Wi Wra /Wi weeee Wgo /Wpn @.1)

LC=

Win /W1 Wiy Wi coeee Wi Wi
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Wp1/Wp Wpi/Wpy e W /Wp,

Wiy /Wp1 Wpy /Wy e Wy /Wpn

L. = | ' ' (2.2)

J

Wpn/Wp1 Wpn/Wpy oo Win /Wi

n n

O day: m 1a sd trung tdm phu tai; n 13 s6 phu tai trong mot trung tAm tai; wpi/wpj mo
t4 murc quan trong tuong ddi ctia phu tai thtr i duoc so sanh véi phu tai thir j; wii/wk; mo
ta mirc quan trong tuong d6i trung tim phu tai thir i duoc so sanh véi trung tim phu tai thir
j. Gia tri wpi/Wpj; Wii/Wij c6 thé co dugce theo kinh nghiém cua cac chuyén gia hodc nguoi
van hanh hé thong thong qua st dung phuong phép ty 18 “1-97[22].

Néu ca hai phutii AvaB déu quan trong nhu nhau, thi hé s6 tylé sé la 1.

Néu phu tai A twong dbi quan trong hon mot chit so v6i phu tai B, thi hé sb ty 1é cua
A dbivoiBsgla2.

Néu phu tai A quan trong hon mgt chit so voi phu tai B, thi h¢ ) ty 1€ cua A ddi voi
B sé€ 1a 3.

Néu phu tai A trong dbi quan trong hon phu tai B, thi hé s6 ty 16 ctia A ddi véi B s&
la 4.

Néu phu tai A quan trong hon phuy tai B, thi hé s6 ty 1é cua A d6i véi B sé 1a 5.

Néu phuy tai A twong d6i quan trong hon nhiéu so v6i phu tai B, thi hé sb ty 16 caa A
d0i véi B s 1a 6.

Néu phu tai A quan trong hon nhiéu so vé6i phu tai B, thi hé s6 ty 18 cia A dbi véi B
séla7.

Néu phu tai A twong ddi cuc ky quan trong so véi phu tai B, thi hé s6 ty 18 cia A d6i
voi B sé 1a 8.

Néu phu tai A cue ky quan trong so v6i phu tai B, thi hé s6 ty 16 cua A dbi v6i B sé
1a 9.

O day, cac hé sb ty 1é 2, 4, 6, 8 dugc xem nhu 13 mot phan doan trung gian cia hai
phan doan lan can

Buéc 4: Tinh toan hé s tAm quan trong ctia cac ving trung tAm tai véi nhau va hé sb

tam quan trong cta cic don vi phy tai trong cting mot ving phu tai trén co sé xay dung ma
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tran phan doan. Theo nguyén 1y ciia AHP, cac hé sd tim quan trong ciia tai c6 thé duoc
tinh toan thong qua viéc tinh toan tri riéng 16n nhét va vector riéng ctia ma tran phan doan
[22]. Cac budc tinh toan tri riéng 16n nhit va vector riéng clia ma tran phan doan st dung
phuong phap iy cin dugc thuc hién nhu sau:
- Nhén tit ca cac gia tri cia mdi hang trong ma tran phan doan
M. =11, X;, i=l,..,n;j=1,..,n (2.3)
- Tinh can bac »n cua M;
W =4/M,, i=1, ...,n (2.4)
- Thyc hién xong c6 dugc vector sau:

wWo=[WL WL W (2.5)

n

- Chuén hoa vector W*

*

W= i=1,...n (2.6)

i n 4

2V
j=1

- Vecto riéng cuia ma tran phan doan thu dugc la:

W=[W,W,,.,W,] (2.7)
Bué'c 5: Tinh toan hé s6 tim quan trong ciia cac don vi tai trong toan hé thong.
Céc hé sb tAm quan trong cta tai W ddi voi toan hé thong co thé duoc tinh toan tir
biéu thirc (2.8).
Wij = Weci x Wy Lie LG (2.8)
Trong do: Lj€ LCinghia la tai Lj duwgc dinh vi trong trung tam tai LC;.
Buéc 6: Sip xép theo thir ty giam dan tim quan trong cua timg don vi phu tai dé thuc
hién chién lugc sa thai theo mirc wu tién.
Trong so &4 IEEE 39-bus 10 may phat, 4p dung thuat toan AHP xay dung 4 trung tim
tai, 19 don vi tai trinh bay & Hinh 2.5. Ma tran phén doan cua cac trung tam tai LC; va cac

tai Lj trong trung tdm tai dwoc trinh bay tir cac Bang 2.2 dén Bang 2.6 (Phu Luc 1).
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Sau khi xay dung ma tran phan doan, ap dung thuat toan AHP, tinh toan trong sb cua
cac trung tam tai va cac don vi tai nhu sau:

- Ap dung biéu thtc (2.3), nhan cac gia tri trong cting mot hang ctia tirng ma tran phan
doan véi nhau tinh duoc cac gia tri Mici va My;. Sau d6, ap dung biéu thirc (2.4) ldy cin
bac n cua cac gia tri Mrci va My nay, voi n 1a hang ma tran, dugc céc gia tri WL*Cl. va WZJ.
. Két qua tinh toan cac gia tri W, vd W, trinh bay tir Bang 2.7 dén Bang 2.11 (Phu Luc
1);

- Chuén héa ma trén, ap dung biéu thuc (2.6) tim dugc cac gia tri trong s6 cua cac
trung tim tai W, ., va trong sd clia cac tai trong mdi trung tm tai W,,. Két qua tinh toan
c4c gia tri ndy trinh bay tir Bang 2.12 dén Bang 2.16 (Phu Luc 1).

- Sau khi ¢6 dugc cac gia tri W, va W, ap dung biéu thire (2.8) tinh toan cac gia
trj hé s quan trong tong hop Wi cia mdi phuy tai. Cac gia tri Wici & ciing mot trung tim
tai thi gibng nhau. Két qua tinh toan cac gia tri hé sé quan trong cua tai trinh bay ¢ Béang
2.17 (Phu Luc 1).

- Sép xép theo tht tu ting dan hé sb tAm quan trong ctia cac don vi tai Wi. Trong
Bang 2.18 (Phy Luc 1), phu tai c6 trong sd nho hon s& duoc wu tién sa thai trudc & cac

chién lugc diéu khién (Bang 2.19).

Dua trén thir tr xép hang theo hé sb tim quan trong ting dan cua céc tai doi véi hé
thdng, phu tai c6 hé s6 tAm quan trong nho s& duoc vu tién sa thai trude va nguoc lai. Cu
thé, dya trén két qua Bang 2.18 thi tai Ls; s& dugc uu tién sa thai trudc va tai Lso co hé s6
tAm quan trong 16n nhét s& sa thai cudi cung. Viéc thuc hién sa thai phu tai dugc thuc hién
tuong tng véi cac trudng hop su ¢d may phat can phai thyc hién sa thai phy tai va qua
trinh thuc hién chién lugc sa thai phu tai nay duoc thuc hién cho dén khi tan sd nam trong
pham vi cho phép 59,7Hz. Nhu vay, tai mdi diém ngan mach, véi trudng hop sa thai phy

tai s& c6 mot td hop céc tai sa thai phu tai (v6i cac tai nay di dugc xép theo thir ty wu tién).
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Vi du, khi ngan mach tai Bus 32, t6 hop sa thai phu tai 14 tai L31, Li2, L1s, Las, L3, Las. Khi
nga"ln mach tai bus 25, t0 hop sa thai phu tai 1a tai L31, Li2, Lis, Los, L23. Thuc hién tuong
tu cho céc truong hop ngan mach & céc vi tri khac nhau va cac mirc tai khac nhau. Két qua
téng hop cac chién luoc sa thai phu tai dya trén thuat toan AHP cho so dd hé théng dién
IEEE 39 bus 10 may phat twong ting vdi cac truong hop phai thuc hién sa thai phu tai duogc
trinh bay ¢ Bang 2.19. Ddi voi cac mang ludi dién khac nhau sé co ) luong cac chién lugc

sa thai phu tai khac nhau.

Bang 2.2: Cac chién luoc sa thai phu tai dya trén thudt toan AHP

Chién Iwge diéu khién sa thai phu tai Cic tai sa thai
LS Ls1, Li2
LS L1, Li2, Lisg
LS3 L1, Li2, Lis, Las
LS4 L1, Li2, Lis, Lae, L23
LSs L1, Li2, Lis, Lag, Loz, Los

Trén thue té, mic dd quan trong cua ting tai c6 thé thay ddi theo tirng thoi diém cua
biéu d6 phu tai 24 gio. Vi du, khu vuc phu tai khu cong nghiép tap trung san xuét trong gio
hanh chinh va gi¢ thap diém, khu vuc chiéu sang sinh hoat sir dung nhiéu vao budi tdi, ...
Tuy nhién, dé don gian hoa trong qu4 trinh tinh toan, xem nhu thir ty sa thai d néu & phan

trén 1a khong thay doi theo thoi diém va theo muc tai tiéu thy.

2.2.4 Huén luyén mang no-ron ANN2

Dbi v6i no-ron thir hai ANN2 thuc hién nhan dang céc chién lugc sa thai phu tai, bién
dau vao giéng v6i no-ron thir nhadt ANN1 gdm c6 104 bién va bién dau ra gdbm c6 5 ngd ra
tuong ing voi 5 chién lugc diéu khién sa thai phu tai dugc xay dung dua trén thuat toan
AHP. Qua trinh xay dung céc chién lugc sa thai phu tai nay dugc trinh bay ¢ muc 2.2.3.
Chi tiét 5 chién lugc diéu khién sa thai phuy tai dugc trinh bay ¢ Bang 2.19. Tép dit liéu dau
vao clia no-ron thir hai ANN2 gom 316 miu can phai sa thai phu tai. Trong qué trinh huan
luyén mang no-ron, tap dir li€u dugc chia ra 85% dir li¢u dé huan luyén va 15% dir liéu dé

kiém tra. Céc dit liéu dugc chuan hoa trudce khi huan luyén.
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Tién hanh huan luyén no-ron ANN2 véi cac trudng hop st dung mang no-ron lan
truyén nguoc Back Propagation Neural Network (BPNN) véi 4 thuat toan huin luyén:
Lenvenberg-Marquardt (trainlm), Bayesian (trainbr), Scaled Conjugate Gradient
(trainscg), Resillient Backpropagation (trainrp) va st dung mang no-ron hdi qui
Generalized Regression Neural Networks (GRNN) dé so sanh hiéu qua cia cac phuong
phap huan luyén. Két qua do chinh x4c huan luyén va do chinh xac kiém tra cia cac phuong

phap huén luyén trinh bay ¢ Bang 2.20 va Hinh 2.6.

Bang 2.20: Do chinh x4c huén luyén va d6 chinh xéc kiém tra ciia cdc phuong phap huan
luyén mang no-ron

Phuong Lenvenberg- | Bayesian | Scaled Resillient Generalized
phap/giai Marquardt | (trainbr) | Conjugate | Backpropagation | Regression
thuat hudn | (trainlm), Gradient | (trainrp) Neural
luyén mang (trainscg) Networks
no-ron (GRNN)
b6  chinh

xac  huén 66,29 92,88 39,13 42,32 98,50
luyén (%)

b6  chinh

xéc kiém tra 56,52 71,74 36,96 41,57 95,65
(%0)

Tur két qua dir liu Hinh 2.6 cho thiy trong truong hop nhan dang chién luoc sa thai
phu tai, phuong phap huan luyén str dung mang no-ron hodi qui GRNN ¢6 d6 chinh x4c cao
nhit. Ngoai ra, khi sb bién ngd vao cang ting thi d6 chinh x4c ting theo va dat gid tri do
chinh x4c cao nhat khi dat 80 bién véi do chinh xac huan luyén 13 98,5% va do chinh xéac

kiém tra dat 95,7%.
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Hinh 2.6: Quan h¢ do chinh xac huan luyén va ki€m tra tuong ing véi s bién dau vao cua cac

phuong phap hudn luyén mang no-ron

2.2.5 M phéng — Kiém nghiém phwong phap sa thai phu tii dé xuét trén so dé hé
thong dién chuin

Phuong phap sa thai phu tai dé xuit duoc mé phong minh hoa trén so d6 hé thong
dién chuan IEEE 39-bus 10 may phat véi sy hd trg ctia phan mém PowerWorld GSO 19
cho truong hop sy cb tai Bus 30.

Trong nghién ctru 0n dinh h¢ thong dién, thoi gian sa thai phy tai t™'*d dong vai tro rat
quan trong. Khoang thoi gian thd nay anh hudng rat 16n dén tinh 6n dinh cua hé thong.
Thoi gian tac dong cua céc relay sa thai phu tai dudi tn sé (UFLS) khoang 0,1s [9]. Khi
ap dung cac giai thuit tinh toan théng minh, khoang thoi gian dé xuét sa thai phu tai hiéu
qua yéu cau nho hon 500ms [65]. Trong chwong nay, khoang thoi gian sa thai tinh toan 1a
200ms bao gdm: do luong thu thip dit liéu, truyén dit liéu di vé, xur 1y dit liéu va tac dong
cit may cat. Tuy khién, dé dam bao bién d6 an toan trong thoi gian thuc, ciing nhu sai s6
cho phép, khoang thoi gian 100ms duoc tinh vao [65]. Vi vay, khi mé phong, thoi gian cat
tai cai dat la 300ms.
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Cu thé, xét truong hop su b khi ngén mach tai Bus 32, cac may cit s& mé cac thanh
phan: dudng diy, may phat lién két véi Bus 32 khi ngdn mach. D6 thi tdn sé cua hé thong
dién va goc 1éch rotor ctia cic may phat theo thoi gian khi ¢6 su ¢ tai Bus 32 trinh bay ¢
Hinh 2.7 va Hinh 2.8.
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Hinh 2.7: D thi tan s6 cua hé théng theo thoi gian khi c6 su ) ngén mach tai Bus 32
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v RotorAngle_Gen 34#1 [V — RotorAngle_Gen 35#1 [V — RotorAngle_Gen 36#
[V — RotorAngle_Gen 37#1 [v RotorAngle_Gen 38#1 [V — RotorAngle_Gen 39#1

Hinh 2.8: Gdc 1€ch rotor cuia cac may phat khi c6 su ) ngén mach tai Bus 32

Quan sat Hinh 2.7 va Hinh 2.8 nhén thay, khi khong thyc hién sa thai phu tai thi tin
sO ctia hé thdng bi mat 6n dinh khi sy ¢6 ngan mach tai Bus 32. Ap dung phuong phap sa
thai phuy tai dé xudt, v6i truong hop ngin mach tai Bus 32, két qua nhan dang 1a c6 sa thai
phu tai va chién lugc sa thai phu tai LSs duoc thuc thi, thoi gian tré thuc hién sa thai 1a
300ms sau su cd. Két qua mo phong tan s6 hé théng dién khi thyc hién sa thai phu tai theo

phuong phap sa thai phy tai dé xuat dugc trinh bay ¢ Hinh 2.9.
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Hinh 2.9: Tén s6 cua hé thdng theo thoi gian khi sa thai phu tai theo phuong phap dé xuit trong
truong hop su c6 ngan mach tai Bus 32
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[V — RotorAngle_Gen 39#1

Hinh 2.10: Géc 1éch rotor ctia cac may phat sau khi sa thai phy tai theo phwong phap dé xuit
trong truong hop su cd ngan mach tai Bus 32
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So sanh phuong phép sa thai phy tai dé xuat v6i phuong phap sa thai phu tai truyén
thdng st dung relay sa thai phu tai dudi tin sb (UFLS) [9]. O ddy, do ngin mach nén cac
may cat thuc hién ngat cac duong day hoic mdy phat lién két dén Bus 32 va khi tan sb
xudng dudi ngudng cai dit cua cac relay tan sd thi qua trinh sa thai duoc thyc hién. Trong
truong hop nay, thoi gian tré thue hién sa thai phu tai 1a 2,88s sau su ¢d ngan mach, khoang
thoi gian nay bao gom: thoi gian tré tir lac sy cd dén khi tan sd xudng dudi ngudng cho
phép 59,7Hz 14 2,6s, thoi gian tré cua relay UFLS, truyén tin hiéu va trip may cit (0,28s).
Trong qua trinh thyc hién budc sa thai A (sa thai 9% tong cong suat phu tai) thi hé thong
dién khoi phuc duoc 6n dinh nhung tan sb van chua khéi phuc vé gia tri cho phép. Do do,
phai thuc hién thém bude sa thai B (sa thai thém 7% tong cong suat phu tai) dé khoi phuc
tan sd vé gia tri cho phép sau khi phéi phuc dugc 6n dinh. Két qua mé phong tan s hé
thdng dién va goc 1éch rotor cac may phat khi thyc hién budc sa thai A trinh bay Hinh 2.11
va Hinh 2.12.
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Hinh 2.11: Tan s6 cta hé théng sau khi thuc hién budc sa thai phu tai A theo phwong phap
UFLS trong trudong hop sy ¢6 ngan mach tai Bus 32
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[V — RotorAngle_Gen 33#%#1 [v Rotor Angle_Gen 34#%
[V — RotorAngle_Gen 35#1 [V — RotorAngle_Gen 36#1
[V — RotorAngle_Gen 37#1 [v Rotor Angle_Gen 38 #1
[V — RotorAngle_Gen 39#1

Hinh 2.12: Goc 1éch rotor ctia cia cdc may phat sau khi :[hl'IC, hién budc sa thai phu tai A theo
phuong phép UFLS trong truong hop su cd ngan mach tai Bus 32

Nhu vdy, tong lugng cong suét sa thai phu tai UFLS cho hai budc A, B 1a 16% tong
cong suit cua hé théng dién. Két qua mo phong tan sé hé théng dién sau khi thuc hién sa

thai phu tai theo phuong phap UFLS duogc trinh bay & Hinh 2.13.
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Hinh 2.13: Tén s6 cua hé thong theo thoi gian khi sa thai phu tai theo phuwong phap
UFLS trong truong hop su ¢b ngin mach tai Bus 32

Dé thay rd hon hiéu qua ciia phuong phap sa thai phu tai dé xudt, xét thém trueong hop
su ¢ khi ngan mach tai Bus 25. Thuc hién cac bude twong tu nhu trudng hop nghién ciru
khi c6 ngén mach tai Bus 32. Két qua nhan dang la c6 sa thai phu tai va chién luoc sa thai
phu tai LSs dugc thyc thi. Két qua mé phong tan sd hé théng dién, goc 1éch rotor cac may
phat truée va sau khi thuc hién sa thai phu tai theo phwong phap sa thai phu tai dé& xuit va

phuong phép sa thai phu tai truyén théng UFLS duoc trinh bay tir Hinh 2.14 dén Hinh 2.17.
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Hinh 2.15: Goc 1éch rotor ctia cac may phat sau khi sa thai phy tai theo phwong phap dé xuit
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Hinh 2.16: Tan s6 cua hé thong theo thoi gian khi sa thai phu tai theo phuong phap dé xuét trong
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Hinh 2.17: Téan s6 cua hé thong theo thoi gian khi sa thai phu tai theo phuong phap
UFLS trong truong hop su co6 ngan mach tai Bus 25
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Két qua so sanh giita phuong phap sa thai phu tai dé xut va phuong phap sa thai phy
tai truyén thong [9] trinh bay ¢ Bang 2.21.

Bang 2.21: Két qua so sanh giita phuong phap sa thai phy tai dé xuit va phuong phép sa thai

phu tai truyén thong

Tan s6 phuc hoi Thoi gian phuc | Lwong cong suat tai

(Hz) hdi (s) sa thai (MW)
Sw ¢6 Bus 32
Phuong phdp sa thai 60,028 50 628,2
phu tai dé xuat
Phuong phdp sa thai 60,055 78 780,4
phu tai truyén thong
Sw ¢6 Bus 25
Phuong phdp sa thai 60,0455 40 438,9
phu tai dé xuat
Phuong phip sa thai | g, 75 50 448.9
phu tai truyén thong

Phén tich cac két qua m6 phong ¢ Hinh 2.8, Hinh 2.10, Hinh 2.14, Hinh 2.15 cho thiy
viéc thuc thi chién luoc sa thai phu tai d& xuét gitp hé thdng dién khoi phuc duoc 6n dinh
tan s6 sau sy ¢6 ngan mach xay ra. Cac Hinh 2.9, Hinh 2,13, Hinh 2.16, Hinh 2.17 va Bang
2.21 cho thdy gia trj tin sd phuc héi trong khoang 60,028Hz dén 60,0455Hz. Trong khi do,
phuong phép sa thai phu tai truyén thong c6 lugng cong suét sa thai nhiéu hon tir 2,28%
dén 24,2% va thoi gian phuc hoi tan s6 cham hon tir 10s dén 28s. Nhu vay, qua trinh nhan
dang nhanh c6/khong sa thai phu tai khi co sy o) ngén mach x4y ra trén h¢ théng dién két
hop voi giai phap diéu khién sa thai phu tai dd duoc thiét 1ap trude dua trén thuat toan AHP
d3 gitup ddy nhanh viéc ra quyét dinh sa thai phu tai giup khoi phuc 6n dinh tan sb hé thong
dién, qua d6 d6 tan sé cta hé thong phuc hdi vé gia tri cho phép va thoi gian tin sb phuc

héi nhanh hon so véi phuong phap sa thai phu tai truyén théng UFLS.

Nhan xét va két luin chwong 2

Chuong 2 dd dé xudt quy trinh x4y dung hé thdng nhin dang c6/khong sa thai phu tai
va nhan dang chién lugc sa thai phu tai trén co sé st dung 2 mang no-ron va thuat toan
AHP. Phuong phép dé xuét gitip khoi phuc 6n dinh hé théng dién khi c6 sy ¢ ngan mach

nghiém trong xay ra trén hé théng dién.
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Viéc str dung thuat toan AHP dé xay dung nhém chién luoc sa thai phu tai co xét dén
tAm quan trong cua phu tai nham 1am gidm thiét hai vé mat kinh té khi sa thai phu tai so
v6i cac phuong phap truyén thong trude day.

Hiéu quéa cua phuong phap sa thai phu tai dé& xudt duoc kiém chtng trén so dd hé
thdng dién IEEE 39 nat 10 may phat cho thiy phuong phép sa thai phu tai dé xuét da giup
duy tri dugc trang thai on dinh tan sb cua hé théng dién.

Chuong 2 d3 trinh bay phuong phap sa thai phy tai dé khoi phuc 6n dinh tin sb khi
xudt hién cac su cd nghiém trong nhu ngan mach xdy ra trén cac dudng day, thanh gop hé
thdng dién. Di v6i trudng hop ndy, yéu cau can phai nhan dang nhanh va thuc hién sa thai
phu tai nhanh dé duy tri 6n dinh hé théng dién. Trong truong hop sy ¢b 1au dai, cac sy c6
mat mdy phat lam mat cin bang cong sudt giita ngudn phat va phu tai gy suy giam tan sb
xubng dudi ngudng gia tri cho phép. Cac chuong tiép theo s& trinh bay cac phuong phap

sa thai phu tai dé khoi phuc tan s6 hé théng dién vé pham vi cho phép.
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Chuong 3
PHUONG PHAP SA THAI PHU TAI TREN CO SO

AP DUNG THUAT TOAN FUZZY-AHP

3.1 Dit van dé

Trong bai toan sa thai phu tai, vi¢c lyra chon thir hang cac phu tai theo thir ty uu tién
cit 1a diéu can thiét dé viéc diéu chinh can bang cong suit, khoi phuc tan s6 mang lai hiéu
qua kinh té. Do d6, cAn phai xac dinh rd céc tai nao can duoc xép vao danh muc nhitng phu
tai can cit va thi tu vu tién cit cla ching. Viéc xac dinh danh muc céc phu tai nay thoa
man nhiéu khia canh doi hoi phai c6 su phan tich chi tiét cic hau qua kinh té khi sa thai
phu tai. Tuy nhién, viéc tinh toan, phan tich cic hiu qua kinh té nay rat phtrc tap va ¢ hau
hét cac cong ty dién luc trén thé gidi hién nay van phai dya trén viéc ldy ¥ kién danh gia
clia cic chuyén gia hé théng dién trong vin dé nay. Du vay, hau nhu rat kho cho ngudi
chuyén gia dua ra dugc thir ty vu tién sa thai ciia nhitng phu tai nay khi xem xét trong toan
bd hé thdng dién, nhat 1a khi mot phu tai can phai dugc xem xét dudi nhiéu khia canh khac
nhau. Tuy nhién, d¢ d& dang hon cho cac chuyén gia tiép can, khi cho y kién ho thudng
dua trén dic diém cong ngh¢ va thuc té van hanh dé c6 thé cho cac nhan xét b'fmg lo1. Cac
chuyén gia d& dang so sanh timg cip va st dung ngdn ngir thong thuong nhu phu tai s 1
quan trong hon phu tai s6 2, hay tiéu chi s 1 quan trong hon tiéu chi s6 2. Dé giai quyét
van dé nay, thuat toan Fuzzy AHP duoc st dung. dé xép hang cac phu tai theo thir ty uu
tién cat dya trén viéc tham khao y kién céc chuyén gia khi thé hién bang 1oi. Bén canh do,
khi hé théng dién van hanh & nhiéu mre tai khac nhau, viéc mod hoa do thi phu tai gitip cho

viéc thyc hién cac chién lugc diéu khién sa thai phu tai tré' nén dé dang hon.
3.2 K¥ thuat mo héa va luat hoat dong [69]

Ham thanh vién M (x): R —[0,]] cla tam giac sé md hda M = (I, m,u) xéac dinh trén R

thi:
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r ,Xe[l,m]
. m—I[ m-—
M(X): m)iu_mziuaxe[mau] |
0, otherwise (3-1)

Trong d6: ,, 1a gia tri tbt nhat cia ham M, / va ,1a gia tri bién dui va bién trén tuong

tmg. Theo nguyén Iy mé rong Zadeh’s cho hai tam giac s6 md héa M, =(I,m,u;) va

M, =(l,,m,,u,); trong d6 4.0 va L. 0, cac phép toan sau ddy c6 thé duoc dinh nghia:

- Phép cOng mé rong duoc dinh nghia nhu sau:

]\;[1@]\;12 =(l, +1,,m +m,,u, +u,). (3.2)

- Phép nhan mo rong dugc dinh nghia nhu sau:

MM, =(l,,mm,,uu,). (3.3)
- Phép nghich déo cua tam gidc sé6 md hoa M duoc dinh nghia nhu sau:
oA T B
) G4
3.3 Tong quan vé thuit toan Fuzzy - AHP
Thuat toan Fuzzy-AHP [69] do Y.C. Erensal va cic tac gia dé xuét voi y tuong 1a sir
dung kién thirc chuyén gia va tam giac trong s6 mo hoa dé xép hang cac ddi twong trong
mot hé thdng va 4p dung cho bai toan thuc hién ra cac quyét dinh da tiéu chudn. O day, ap
dung thuat toan Fuzzy-AHP dé xac dinh h¢ sb tim quan trong va xép hang cac don vi phu
tai trong hé théng dién thuc hi¢n qua cac budc sau:
Buéde 1. Xac dinh cac khu vue chinh va cac ddi tuong trong khu vuc chinh.
Buéc 2. Xay dyng mo hinh phan cdp AHP dua trén cac khu vuc chinh va cac ddi
tuong trong cac khu vuc da xac dinh & Buoc 1.

Budc 3. Xac dinh céc trong s6 tdm quan trong gifta cac khu vuc chinh va gitra cac doi

tuong trong khu vuc bing cach sir dung ma tran phan doan. Cac thang do mirc d6 tAm quan
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trong trinh bay ¢ Hinh 3.1 va Bang 3.1. Céc trong s6 nay dugc dé xuat boi Kahraman [70]
va duogc sir dung dé giai quyét viéc md hoa cac van dé vé thuc hién cac quyét dinh [71].
Trong truong hop cé nhiéu y kién chuyén gia ddnh gia thi cic gia tri trong s6 nay 1a gia tri
trung binh cta cac y kién chuyén gia. Sau do, dira vao ham thanh vién cta tam gidc sb mo

hoa trinh bay ¢ Hinh 3.1 dé€ xac dinh tam gidc s6 mo hoa cuia cac ma tran phan doan.

M)

1.0

0 12 1 32 2 52 3 72 4 92 5 112 6 1322 7 152 8 172 9 192

Hinh 3.1: Ham thanh vién cua tam giac s6 mo hoa twong tmg véi cac thang do murc d6 tAm quan

trong

Budc 4: Tinh toan cac trong sO6 tim quan trong cua cac doi tugng doi voi toan hé
thong. Trong sO nay dugc tinh bang cach nhan trong s6 cua cac doi tuong trong khu vuc
chinh véi trong s0 cua cac khu vuc chinh tuong tng.

Theo phuong phap Fuzzy-AHP cua Chang [72]-[74].

-1
S, ~> M, ®{ZZM4 (3.5)
j=1

i=l j=1

Trong do:

Z;Méi = Z%»Zmpzluj (3.6)
Jj= Jj=

J=1 J=1

57



1 1

-1
n m ~ . 1

$5m] -3
=l j= )

> n > n
2m Dl
i=1 i=1

(3.7)

Bang 3.1: Cac tam giac s6 md hoa twong tng voi thang do mirc d6 tim quan trong

Tam g’iz'lc > 0 mohéa tu’o’Hn g l’m;g v6i thang Tam gidc s6 mo hoa nghich dao
do mirc do quan trong tang dan

(1/1,1/1,1/1) (1/1,1/1,1/1)
(1/2,1/1,3/2) (2/3,1/1,2/1)
(1/1,3/2,2/1) (1/2,2/3,1/1)
(3/2,2/1,5/2) (2/5,1/2,2/3)
(2/1,5/2,3/1) (1/3,2/5,1/2)
(5/2,3/1,7/2) (2/7,1/3,2/5)
(3/1,7/2,8/2) (2/8,2/7,1/3)
(7/2,8/2,9/2) (2/9,2/8,2/7)
(8/2,9/2,10/2) (2/10,2/9,2/8)
(9/2,10/2,11/2) (2/11,2/10,2/9)
(10/2,11/2,12/2) (2/12,2/11,2/10)
(11/2,12/2,13/2) (2/13,2/12,2/11)
(12/2,13/2,14/2) (2/14,2/13,2/12)
(13/2,14/2,15/2) (2/15,2/14,2/13)
(14/2,15/2,16/2) (2/16,2/15,2/14)
(15/2,16/2,17/2) (2/17,2/16,2/15)
(16/2,17/2,18/2) (2/18,2/17,2/16)
(17/2,18/2,19/2) (2/19,2/18,2/17)

Céac muc d6 canh tranh c6 kha ning xdy ra khid, = (1,,m,,u,) > M, = (l,,m,,u,) dugc

trinh bay ¢ Hinh 3.2 va duoc xéac dinh nhu sau:
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0

Hinh 3.2: M6 hinh canh tranh giita A . va M s

V(M2 2 M) =sup[min(z,,, (x), t4,,(x))] (3.8)
y2x
1, ifm, >2m,
V(IM22>Mi)=hgt(MinM2)=p,,,(d)=<0, if 1, 2>u, (3.9
L —u, .
, otherwise
(mz _”2)_(’”1 _ll)
Tur Hinh 3.2 nhan thiy V(M, = M,) trong trudng hop M <l <uy <my, Trong

d6: d 1a gia trj truc hoanh twong tmg v6i diém giao nhau cao nhét gitra £4,,va f4,,.

Dé so sanh M, VA M, can ¢6 gia trj VM, >M)VAV(M,>M))
VIM 2M,M,,.M)=minV(M =2M,) i=1.2,..k (3.10)
Dit W =(d (4),d (4),...d (4,)) (3.11)

O day: w' vector trong sé, vor k=1,2,...,n, k#; d'(4,) = min V(M > 1\;[,.).

Thoéng qua viéc chuan hoa, vector trong so dugc chuan hoa dugc trinh bay ¢ biéu

thirc (3.12).
W=(d(4),d(4),....d(4,))" (3.12)
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Budrc 5: Danh gia xép hang va sip xép theo thir ty giam dan hé s6 tim quan trong ciia

cac dbi twong trong toan hé théng.

Bang 3.2: Sap xép ddi twgng theo thir ty giam dan hé sb tim quan trong

Khu vue (LCi) Péi twong (Li) Trong s6 (W) Ghi chu
LC L Wi Wi>W> ... .>W,
LC, L, W
LCn Ln Wn

3.4 Khio sat thir nghi¢m trén so' @6 h¢ thong dién chuan IEEE 37 bus 9 may phat
Pé so sanh hiéu qua cta phuong phap sa thai phu tai dua trén thuat toan Fuzzy-AHP
va thuat toan AHP, tién hanh thyc nghiém giai thuat dé xuat trén so dd hé thong dién dién
hinh IEEE 37 bus 9 may phat [75] trong ca 2 trudng hop c6 md hoa va khong mo hoa. Xét
truong hop mat mot may phat dién tai nit sb 4, twong tng hé thong dang hoat dong & cac
trang thai 70%, 80%, 90% va 100% phu tai cuc dai. Khi khong co sa thai phu tai, tan sb
giam xudng thap hon so voi gidi han tan s6 cho phép. Do d6, twong tng v6i mdi truong
hop nghién ctru s& xay dung “chién lugc diéu khién” trong viéc sa thai phu tai nham khoi
phuc tan s6 vé gia tri giéi han cho phép. Viéc mé phong duoc thuc hién bang phan mém
PowerWorld GSO 19 va quan sat két qua nhan duoc khi 4p dung cac chuong trinh sa thai
phu tai dé xuét. Dir liéu cic muc tai trinh bay & Bang 3.3 va d6 thi tan s khi xay ra sy cb

mat may phat dién tai nut s6 4 dugc trinh bay ¢ Hinh 3.4
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Bang 3.3: Dit liéu tai (MW) trong hé théng 37 bus khi hé thong dat 70%, 80%, 90%, 100% phu
tai cuc dai

Trung tam tai | Nuttai | Load 70% | Load 80% | Load 90% | Load 100%
C L, 12,3 13,46 15,14 16,83
Ci L3 14 15,32 17,24 19,15
C L4 59,8 65,44 73,62 81,8
Ci Ls 22,9 25,06 28,19 31,33
C L 27 29,55 33,24 36,93
C Ly 45 49,25 55,4 61,56
Ci Ls 32,8 35,89 40,38 44,87
C Lo 20 21,89 24,62 27,36
C Lio 57,8 63,25 71,16 79,07
C Li 58,2 63,69 71,65 79,61
C Li2 22,65 24,79 27,89 30,98
C Lis 59,5 65,11 73,25 81,39
C Lis 12,43 13,6 15,3 17
Cs Lis 23 25,17 28,32 31,46
GCs Lie 18,3 20,03 22,53 25,03
Cs Lio 74,4 81,42 91,6 101,78
GCs L2 16,8 18,39 20,68 22,98
Cs L3 55,8 61,07 68,7 76,33
Cq Los 36,3 39,73 44,69 49,66
Cq Lso 22,2 24,29 27,33 30,37
Cq Lsz 22,74 24,89 28 31,11
Cq L34 15,3 16,74 18,84 20,93
Cq Lss 23,4 25,61 28,81 32,01
Cq Lse 28 30,64 34,47 38,3
Cq L3z 14 15,32 17,24 19,15

3.4.1 Nghién ctru phwong phap sa thai phu tai dua trén viéc ap dung thuat toan AHP

Pau tién, 4p dung thuat toan AHP trinh bay & muc 2.2.3 dé xdy dyng mo hinh hé
thdng phan cip giira cac trung tAm tai va cac phu tai trong trung tAm tai. Két qua xay dung
mo hinh hé théng phén cap trinh bay & Hinh 3.5.

Tiép theo, thanh 14p cic ma tran phan doan cho biét tAm quan trong giita cac trung
tam phu tai v6i nhau va tAm quan trong giita cac tai trong trung tdm tai v6i nhau. Ma tran
phan doan ctia trung tim tai va cac tai trong trung tim tai duoc trinh bay tir Bang 3.4 dén

Bang 3.8. Trong so dd thir nghiém, hé thdng nghién ciru dwgc phan thanh 4 trung tam tai.
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Hinh 3.5: M6 hinh AHP cac ving trung tim tai va cac don vi tai cho so dd IEEE 37 Bus

Bang 3.4: Ma tran phan doan trung tam phu tai LC;

PI LCt LC» LCs LC4
LC, 1/1 1/3 1/1 1/1
LC, 3/1 1/1 1/1 3/1
LC3 1/1 1/1 1/1 1/2
LCy4 1/1 1/3 2/1 1/1

Bang 3.5: Ma tran phan dodn céc phu tai L; ¢ trung tam tai LC,
L2 L3 L4 Ls Ls L~ Ls Lo
L2 1/1 1/1 1/1 1/3 1/2 1/3 1/2 1/2
Ls 1/1 1/1 3/1 1/1 2/1 1/1 2/1 1/1
L4 1/1 1/3 1/1 1/2 1/1 1/2 1/1 2/1
Ls 3/1 1/1 2/1 1/1 1/3 1/3 1/1 1/3
Le 2/1 1/2 1/1 3/1 1/1 1/1 3/1 1/3
L7 3/1 1/1 2/1 3/1 1/1 1/1 1/2 1/1
Ls 2/1 1/2 1/1 1/1 1/3 2/1 1/1 1/2
Lo 2/1 1/1 1/2 3/1 3/1 1/1 2/1 1/1
Bang 3.6: Ma tran phan doan cac phu tai L; & trung tdm tai LC»
Lio Lu L1z L3 Li4
L1 1/1 1/1 1/1 1/3 12
Lu 1/1 1/1 3/1 1/1 1/1
L1z 1/1 1/3 1/1 1/2 2/1
L3 3/1 1/1 2/1 1/1 1/3
L4 2/1 1/1 1/2 3/1 1/1
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Béang 3.7: Ma tran phan doan céc phu tdi L; ¢ trung tam tai LC;

Lis Lie Lio L2 La23
Lis 1/1 1/2 1/1 1/1 1/2
Lie 2/1 1/1 3/1 1/3 1/1
Lo 1/1 1/3 1/1 1/2 2/1
L2 1/1 3/1 2/1 1/1 1/3
La23 2/1 1/1 1/2 3/1 1/1

Béang 3.8: Ma trdn phan doan cac phu ti L; ¢ trung tdm tdi LCy

Las L3o L32 L34 L3s L3 L37
Las 1/1 1/1 1/1 1/3 1/2 1/3 1/2
L3o 1/1 1/1 3/1 1/1 1/1 1/1 1/1
L32 1/1 1/3 1/1 1/2 2/1 1/2 2/1
L34 3/1 1/1 2/1 1/1 1/3 1/3 1/1
L3s 2/1 1/1 1/2 3/1 1/1 1/1 3/1
La3e 3/1 1/1 2/1 3/1 1/1 1/1 1/2
La7 2/1 1/1 1/2 1/1 1/3 2/1 1/1

T cAc gia tri ca ma tran phan doan tinh toan céc tri riéng 1on nhét va vector riéng.
Str dung phuong phap nhan dé tinh tri riéng 16n nhét va vector riéng, thyc hién cac budc
sau:

Budc 1: Nhan cac gié tri trong cung 1 hang cua tirng ma tran phan doan véi nhau.

Két qua tinh dugc cac gia tri Mici va My va trinh bay tir Bang 3.9 dén Bang 3.13.

Bang 3.9: Gia tri MvLci clia ma trén céc trung tdm phu tai LC;

M.Lc1 0,33
MLic2 9,00
MLcs3 0,50
Mics 0,67
Bang 3.10: Gi4 tri Myj cia ma trdn cac tai ¢ trung tdm phu tai 1
M, 0,01
Mis 12,00
M4 0,17
Mzis 0,22
Mie 3,00
\Y % 9,00
Mis 0,33
Mo 18,00
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Béang 3.11: Gié tri Myj cia ma trdn cac tai ¢ trung tdm phu tai 2

Mviio 0,17
ML11 3,00
Mvi12 0,33
Mui13 2,00
ML14 3,00

Bang 3.12: Gia tri My1j cila ma trdn cic tai ¢ trung tdm phu tai 3

Mu1s 0,25
MLi6 2,00
Mvii9 0,33
Mi22 2,00
Mi23 3,00

Bang 3.13: Gi4 tri Myj ciia ma trdn cic tai ¢ trung tdm phu tai 4

Mias 0,03
ML30 3,00
Mi32 0,33
Mi34 0,67
Mi3s 9,00
Mi3e 9,00
ML37 0,67

Budre 2: Lay can bac n cua cac gia tri Mici va My ¢6 duoc gia tri W, va W, voi
n lan luot 1a hang ctia cdc ma tran. Két qua cac gia tri W, ., va W, trinh bay tir Bang 3.14

dén Bang 3.18.

Béng 3.14: Gi4 tri W, cta cac trung tim phy tai LC;

Wil 0,76
WZCZ 1,73
W,es 0,84

Lca 0,90
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Bang 3.15: Gia tri WL*j cua cac tai ¢ trung tam phu tai LC;

351

0,59

w

1,36

~

0,80

W

0,83

1,15

~

1,32

<]

0,87

zlzlz2z2z2z2=

o

1,44

Béng 3.16: Gia tri WZ]. clia cac tai ¢ trung tim phu tai LC»

*

W, 0,70
VVZII 1,25
W, 0,80
W 1,15
W, 1,25

Béng 3.17: Gia tri WZ]. cla cac tai ¢ trung tim phu tai LC3

W, s 0,76
W, . 1,15
Wi 0,80
W, 1,15
W, 1,25
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Bang 3.18: Gia tri sz cua cac tai ¢ trung tam phu tai LCy

W, 0,60
W, 1,17
W, 0,85
W,s, 0,94
W, s 1,37
W, 1,37
W, ., 0,94

Budre 3: Tinh tong céac gia tri W, va W, cua cac ma tran phan doan.

Téng cac gia tri W, ., clia ma tran trung tim tai: Z W, = 4.24.
i=1

Téng cac gia tri WLj clia ma trdn cac tai ¢ trung tam phu tai LC;: ZWZ = 8,35.
i=1

Téng cac gia tri WLj cuia ma tran cdc tai ¢ trung tdm phu tai LCs: Z W, =514
i=1

Téng cac gia tri WZJ cuia ma tran cac tai ¢ trung tam phu tai LCs: Z W, =5,1
i=1

Téng cac gia tri WZJ cuia ma tran cac tai ¢ trung tam phu tai LCa: Z W, =7,25
i=1

Buéc 4: Chuan héa ma tran dé tinh cac gia tri W, va W,;, cua cac ma tran phan
doan. Ap dung cong thirc (2.6) dé tinh toan céc gia tri W, va W,,. Két qua tinh céc gid tri

W, va W, clia cac ma tran phan doan trinh bay tir Bang 3.19 dén Bang 3.23.

Béng 3.19: Céc gia tri W, cla cic trung tim phu tai

Wi 0,18
W, 0,41
W3 0,20
W4 0,21
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Bang 3.20: Céc gia tri WLJ cua cac tai ¢ trung tam phu tai LC;

W) 0,07
W3 0,16
Wy 0,10
Ws 0,10
Ws 0,14
W5 0,16
Ws 0,10
Wo 0,17

Bang 3.21: Céc gia tri WLJ cua cac tai ¢ trung tadm phu tai LC»

Wio 0,14
Wi 0,24
Wiz 0,16
Wiz 0,22
Wis 0,24

Bang 3.22: Cac gia tri WLj cua cac tai ¢ trung tam phu tai LCs

Wis 0,15
Wis 0,23
Wio 0,16
W2 0,23
Was 0,24

Bang 3.23: Céc gia tri WLJ cua cac tai ¢ trung tadm phu tai LC4

Was 0,08
W30 0,16
Wiz 0,12
W34 0,13
Wis 0,19
W36 0,19
W37 0,13

Sau khi ¢6 dugc cac gia tri W, va W, tinh toan céc gia tri hé sO quan trong tong
hop Wij cia mdi phu tai. Gia tri Wij= Wrci. Wy, Céc gia tri Wici & cing mot trung tam tai
thi giéng nhau. Két qua gi tri cac hé sé quan trong cia tai dbi voi toan hé thong trinh bay

& Bang 3.24.
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Bang 3.24: Gia tri cic hé s6 quan trong ctia don vi tai dugc tinh toan boi AHP

Trung He 0 quan trong Nut HE 50 quan Hé 50 quan trong
tam tai Wici gai | tromg Wiidon |l hep Wi
(trung tim tai) vi tai) : !
LC, 0,18 L, 0,07 0,0126
LCy 0,18 L3 0,16 0,0293
LC, 0,18 L4 0,10 0,0172
LCy 0,18 Ls 0,10 0,0178
LC, 0,18 L 0,14 0,0246
LCy 0,18 Ly 0,16 0,0283
LCy 0,18 Ls 0,10 0,0187
LC, 0,18 Lo 0,17 0,0308
LC, 0,41 Lio 0,07 0,0556
LC, 0,41 L 0,14 0,0991
LC, 0,41 Li2 0,24 0,0638
LC, 0,41 Lis 0,16 0,0913
LC, 0,41 Li4 0,22 0,0991
LG 0,20 Lis 0,15 0,0295
LCs 0,20 Lis 0,23 0,0447
LG 0,20 Lig 0,16 0,0312
LCs 0,20 L2 0,23 0,0447
LG 0,20 L3 0,24 0,0484
LC4 0,21 Los 0,08 0,0176
LCq4 0,21 Lo 0,16 0,0344
LCy 0,21 L3z 0,12 0,0252
LCy 0,21 L34 0,13 0,0278
LCq4 0,21 Lss 0,19 0,0403
LCy 0,21 L3e 0,19 0,0403
LCq4 0,21 Ls7 0,13 0,0278

Sau khi tinh todn cac gia tri hé sé quan trong tong hop ciia mdi don vi phu tai, tién
hanh sép xép cc don vi phu tai theo thir ty vu tién ting dan duoc trinh bay & Bang 3.25.

Phu tai quan trong hon thi ¢6 hé sé Wj; 16n hon.
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Bang 3.25: Sip xép cac don vi phu tai theo gi tri hé s6 quan trong ctia phu tai Wj; ting dan

H¢ s0 quan trong H¢ so0 quan A X
:;1 ;‘l"t‘ﬁgi Wici Nut tii | trong Wi, H‘igl‘:gql‘l‘i; ;‘;,?_“g
(trung tim tai) (don vi tai) : Y
LCy 0,18 L, 0,07 0,0126
LCy 0,18 L4 0,1 0,0172
LCq4 0,21 Los 0,08 0,0176
LC 0,18 Ls 0,1 0,0178
LCy 0,18 Lg 0,1 0,0187
LC 0,18 L 0,14 0,0246
LCq4 0,21 | BEY) 0,12 0,0252
LCq4 0,21 L34 0,13 0,0278
LCq4 0,21 L3z 0,13 0,0278
LCy 0,18 L7 0,16 0,0283
LC 0,18 L3 0,16 0,0293
LCs 0,2 Lis 0,15 0,0295
LC 0,18 Lo 0,17 0,0308
LCs 0,2 Lio 0,16 0,0312
LCq4 0,21 Lo 0,16 0,0344
LCq4 0,21 Lss 0,19 0,0403
LCq4 0,21 Lse 0,19 0,0403
LCs 0,2 Lis 0,23 0,0447
LCs 0,2 L2 0,23 0,0447
LCs 0,2 Lo 0,24 0,0484
LC, 0,41 Lio 0,14 0,0556
LC, 0,41 Li2 0,16 0,0638
LC, 0,41 Lis 0,22 0,0913
LC, 0,41 Lii 0,24 0,0991
LC, 0,41 Lig 0,24 0,0991

Phuong phap AHP duoc str dung dé quyét dinh viée sap xép cac don vi phu tai theo
thtr tu uu tién tai cac thoi doan va hé théng sa thai s& uu tién cit nhirng tai c6 hé s6 nho
nhat trudc.

Sau khi x4c dinh cac trong sb tAim quan trong, tién hanh sa thai phu tai cho dén khi
tan s6 phuc hoi dén gia tri 16n hon 59,7Hz. P thi tin sé do tai Bus 17 khi sa thai phu tai
tuong g véi cac truong hop van hanh 70%, 80%, 90% va 100% duoc trinh bay ¢ Hinh
3.6.
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Hinh 3.6: Tan s6 hé thong khi sa thai phu tai theo phuong pha
AHP vi truong hop van hanh & cac muce tai khac nhau

Tong hop két qua cac trudng hop sa thai phu tai dugc trinh bay & Bang 3.26.

Bang 3.26: Két qua téng hop cac truong hop sa thai phu tai dua trén thuat toan AHP

Murc tai Muc tai Murc tai Murc tai
70% 80% 90% 100%
Phu tai sa thai IL_:;;’LE; IL_:;;’LE; Lo, La, Los Lo, La, Las
Cong suit sa thai (MW) 127,35 143,69 161,64 179,62
Tén s6 phuc hdi (Hz) 59,94 59,99 59,95 60
Thoi gian phuc hoi (s) 35s 40s 44s 50s

Nhu vdy, trong tat ca cac truong hop, tan sb hé théng dién déu tré vé gid tri cho phép
va gin bang gia tri dinh mirc. Cac gia tri tAn s6 phuc hdi trong khoang tir 59,94Hz dén
60Hz va thoi gian phuc hdi tan sé tir 35s dén 50s. Quan sat dic diém thoi gian phuc hoi

cho thdy mirc tai van hanh cua hé thong cang 16n thi thoi gian khoi phuc cang lau.
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3.4.2 Nghién ciru phwong phap sa thai phu tai dua trén viéc ap dung thuit toan
Fuzzy-AHP [76].

Tuong ty trudong hop nghién clru trinh bay ¢ muc 3.4.1, truong hop nghién ciu la
truong hop mat mot may phat dién tai thanh gop sé 4 khi hé théng dang hoat dong & céac
mirc tai lam cho tong cong suit ngudn phat bi giéi han va tin sb bi suy giam nho hon gia
tr1 cho phép.

Thuc hién theo cac budc cia moé hinh thuat toan Fuzzy-AHP da trinh bay ¢ muc 3.3.

Budc 1: Xac dinh cac vung trung tam tai va cac don vi tai ¢ cac trung tam tai.

Budrc 2: Xay dung mé hinh phan cap AHP dya trén cac ving trung tm tai va cac don
vi phu tai x4c dinh & Buée 1. Két qua xdy dung mo hinh phan cdp AHP cic ving trung
tAm tai va cac don vi tai so d6 hé thong dién IEEE 37 bus 9 mdy phat trinh bay ¢ Hinh 3.5

Buéc 3: Xac dinh cac hé sb trong s6 tAim quan trong clia cac trung tAm tai va cac nat
tai bang cach sir dung ma tran phan doan. O ddy, gia tri trong s6 chinh cta cic ma tran
phan doan cua thuit toan Fuzzy-AHP duoc 14y gid tri twong ty nhu thudt toan AHP. Cac
gia tri trong s6 bién dudi va trong s6 bién trén trong s6 chinh duoc xac dinh dya trén Bang
3.1. C4c ma trin phan do4n ctia cic trung tAm tai va giira c4c tai véi nhau trong mdi trung

tAm tai trinh bay tir cac Bang 3.27 dén Bang 3.31.

Béang 3.27: Ma tran phén doan trung tam phu tai LC;

e LG LC: LG LCs W,
LG (11, 11,1/1) (2/7,1/3,2/5) (111, U1,1/1) L ULy | 002
LC: (512,3/1,772) WLULUY | LIy | (52,3,72) | 072
LC (11, 11,1/1) AL ULUY | (UL L) (2/5,1/2,23) 0,07
LCs (11, 11,1/1) (2/7,1/3,2/5) (312,2/1,512) (171, UL,1/1) 0,2




Bang 3.28: Ma tran phan dodn cac phu tai ¢ trung tdm tai LC,

Ly Ls L4 Ls Ls Ly Ls L | W,
L2 1, (1/1, (1/1, 2/7, (245, 2/, /5, (245, 001
VLU | VLYY | UL | 13,25 | 1223) | 13,25 | 1/2,23) | 1/2,2/3)
Ls 11, (111, 5/2, (111, 312, /1, (372, (1/1,
VLU | ULy | 31,72) | ULy | 21,52) | UL | 2/1,52) | 1/1L,1/1) 0.01
Lq 11, /7, (1, | @s122] (A4, /5, (1/1, (372,
V1,11 | 1/3,2/5) | 1/1,11) /3) V1,01 | 12,23) | UL | 2/1,572) 0.09
Ls 502, (1/1, (32 (1/1, /7, /7, (1/1, /7, o
3/1,72) | ULUL) | 2/1,52) | ULUL) | 13,2/5 | 1325 | VLU | 1/3,2/5)
Le | (32, (2/5, /1, | R3[| (A, (1/1, 5/2, @17, o2
2/1,52) | 12,2/3) | 11,1/1) 712) VL, | ULy | 31,72) | 13,25 |
L | 52, (1/1, (372, (512, (1/1, (1/1, (25, (1/1, 022
3/1,7/2) | LYY | 2/1,52) | 3/1,72) | UL | UL | 1223) | 1U1,11)
Ls | (32, (2/5, (111, (111, 17, (372, (1/1, /5,
2/1,52) | 12,23) | UL | VL) | 1325 | 2/1,52) | VLU | 1/2,2/3) 0.12
Lo | (32, (1/1, (2/5, (512, (512, /1, (372, (1/1,
2/1,52) | ULV | 1/2,23) | 3/1,72) | 31,72) | UL | 2/1,572) | 1/1,1/1) 0.23
Bang 3.29: Ma tran phan doan céc phu tai ¢ trung tam tai LC»
Lio Lt L1z Li3 Li4 VVL;‘
Lo | (1/1, /1,1/1) (1/1, 1/1,1/1) (1/1, 1/1,1/1) (2/7,1/3,2/5) (2/5,1/2,2/3) | 0,08
Lu | (1/1, 1/1,1/1) (1/1, 1/1,1/1) (5/2,3/1,72) (1/1, 1/1,1/1) (1/1,1/1,1/1) | 0,25
Li: | (1/1, /1,1/1) (2/7,1/3,2/5) (1/1, 1/1,1/1) (2/5,1/2,2/3) (32,2/1,5/2) | 0,14
Lis | (5/2,3/1,7/2) (1/1, 1/1,1/1) (3/2,2/1,5/2) (1/1, 1/1,1/1) (2/7,13,2/5) | 0,26
Lis | (3/2,2/1,512) (1/1, 1/1,1/1) (2/5,12,2/3) (5/2,3/1,7/2) (1/1, 1/1,1/1) | 0,27
Bang 3.30: Ma tran phan doan céc phu tai ¢ trung tam tai LCs
Lis Lis Lis Lz Lz W,
Lis | (1/1, 1/1,1/1) (2/5,1/2,2/3) (1/1, 1/1,1/1) (1/1, 1/1,1/1) (2/5,12,2/3) | 0,07
Lis (3/2,2/1,52) /1, VL) | (5/2,3/1,7/2) (2/7,1/3,2/5) /1, UL,1/1) | 0,35
Lo | (1/1, /1,1/1) (2/7,1/3,2/5) (1/1, 1/1,1/1) (2/5,1/2,2/3) (32,2/1,572) | 0,18
L2 (1/1, 1/1,1/1) (5/2,3/1,7/2) (3/2,2/1,5/2) (1/1, 1/1,1/1) (2/7,132/5) | 0,05
Las (3/2,2/1,5/2) (11, 1/1,1/1) (2/5,1/2,2/3) (5/2,3/1,7/2) | (/1,1/1,1/1) | 0,36
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Béang 3.31: Ma tran phén dodn cac phu tai ¢ trung tdm tai LCy

Las L3o L3z L34 Lass L3s L3y VVU

Las | (U/1, (171, (171, /7, /5, Q. /s, 0.02
VLYY | UL 1/1,1/1) 1/3,2/5) 1/2,2/3) 1/3,2/5) 1/2,2/3) ’

Lao | (11, /1, (512, /1, (1/1, (1/1, /1, 017
UL/ | UL 3/1,7/2) 1/1,1/1) 1/1,1/1) 1/1,1/1) 1/1,1/1) ’

La | (1, /7, (171, /s, G2, Q/5, (12, 012
UL | 173,2/5) 1/1,1/1) 1/2,2/3) 2/1,5/2) 12,2/3) 2/1,5/2) ’

La | (52, (171, 32, an, /7, /7, (1, 010
31,72) | 11,1/1) 2/1,5/2) 1/1,1/1) 1/3,2/5) 1/3,2/5) 1/1,1/1) ’

Ls | (32, (171, /5, G2, /1, /1, 12, 023
21,52) | UL 12,2/3) 3/1,7/2) 1/1,1/1) 1/1,1/1) 3/1,7/2) ’

L | (52, (171, 32, G2, /1, /1, /5, 023
31,72) | 11,1/1) 2/1,5/2) 3/1,7/2) 1/1,1/1) 1/1,1/1) 1/2,2/3) ’

L | (32, (171, /5, (1, /7, (12, (1, 014
21,52) | 1L 12,2/3) 1/1,1/1) 1/3,2/5) 2/1,5/2) 1/1,1/1) ’

Budrc 4: Tinh toan cac trong s6 ¢ cac don vi tai ddi voi toan hé théng. Cach tinh trong
sd nay duogc tinh bang cach nhan trong sd & cac don vi tai véi trong sb & cac trung tAm tai
tuong ung.

Déi voi cac trung tAm tai LC;, theo phuong phap Fuzzy- AHP ctia Chang [73], tir biéu
thtrc (3.5) tinh duogc:

812(2.62,3.33,4.40)X( S )
23.97 19.17 15.47

SZ=(6.67,8.0,9.5)X( S )
23.97 19.17 15.47

832(2.73,3.50,4.67))(( S )
23.97 19.17 15.47

s4=(3.45,4.33,5.40)x[ L )
23.97 19.17 1547

St dung biéu thirc (3.9), (3.10):

0.27-0.28 ~
(0.17-0.28)— (0.42-0.28)

V(s >8,)= 0.02; v(s, > 5;)=0.95; v(s, > 5,)=0.73;

v(s,>8)=1; v(s, > 5;)=1; v(s, > 5,)=1;
v(s;>s8,)=1; v(s; >5,)=0.09; v(s, >s,)=0.78;

v(s, >s,)=1;v(s, >5,)=0.27; v(s, > s;)=1.

St dung biéu thirc (3.11):

d'(C)=r(s, = $,.55,5,)=min(0.02,0.95,0.73)=0.02
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d'(C2)=v(s, > $,.55.5,)=min(1,1,1)=1

d'(C3)=v(s, = 5,.5,.,5,)=min(1,0.09,0.78)=0.09

d' (Ca)=v(s, = $,.5,,8,)=min(1,0.27,1)=0.27

Vi vay, W*=(0.02,1,0.09,0.27), tir d6 tinh duoc cac trong sb hay vector riéng
W=(0.02,0.72,0.07,0.2) dua trén biéu thirc 7, = ZW;*V* .

Tinh todn twong ty cho cadc ma tran phan doan c[c‘)n lai, két qua tinh toan cac gia tri W;j

trinh bay tir Bang 3.27 dén Bang 3.31.

Hé s6 quan trong tong hop cua cac don vi tai ddi véi toan hé thdng dugce tinh bang
cach nhan céc trong sb cua trung tim tai voi cac trong sd & cac don vi tai ciia mdi trung
tam tai. Két qua tong hop trinh bay & Bang 3.32.

Buéc 5: Sap xép theo thtr ty ting dan tAm quan trong cua cac don vi tai. Trong bang
sdp xép cac don vi tai ndy, phu tai c¢6 trong s nho hon s& dugc wu tién sa thai trudc ¢ cac
chién lugc diéu khién. Viéc thuc hién sa thai phu tai s& thuc hién cho dén khi gia trj tan s6
khoi phuc trén gia tri cho phép. Két qua tinh toan tong hop cho cac mirc tai trinh bay &
Bang 3.34.
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Bang 3.32: Gia tri cic hé s6 quan trong cua don vi tai dugc tinh toan bdi Fuzzy-AHP

H¢ s0 quan trong H¢ so0 quan A X
e S P I Y Rt
(trung tim tai) vi tai) : Y

LC, 0.02 L, 0,01 0,00012
LC 0,02 Ls 0,01 0,00012
LCy 0,02 L4 0,09 0,0016
LC, 0,02 Ls 0,13 0,0024
LC 0,02 Le 0,2 0,0036
LC, 0,02 Ly 0,22 0,0039
LC 0,02 Ls 0,12 0,0021
LC, 0,02 Lo 0,23 0,0042
LC> 0,72 Lio 0,08 0,0564
LC, 0,72 Li 0,25 0,181
LC> 0,72 Li2 0,14 0,0989
LC, 0,72 Lis 0,26 0,19
LC> 0,72 Lig 0,27 0,1951
LGC; 0,07 Lis 0,07 0,0043
LG 0,07 Lis 0,35 0,0227
LG 0,07 Ly 0,18 0,0118
LGC; 0,07 L2 0,05 0,0034
LG 0,07 L3 0,36 0,0233
LCq4 0,2 Las 0,02 0,0034
LCy 0,2 Lo 0,17 0,0338
LCq4 0,2 L3 0,12 0,0231
LCq4 0,2 L34 0,1 0,0192
LCy 0,2 Lss 0,23 0,0444
LCq4 0,2 Lse 0,23 0,0444
LCy 0,2 L3z 0,14 0,0268
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Bang 3.33: Sip xép cac don vi phu tai theo gi tri hé s6 quan trong ctia phu tai Wi ting dan

A Hg¢ so quan trong H¢ so0 quan A X
Trung tam Wici Nattai | trongWy; | DESO e trong

tai (trung tAm ti) (dom vi tai) tong hop Wi
LC 0,02 Ls 0,01 0,0001
LCy 0,02 L, 0,01 0,0001
LCy 0,02 L4 0,09 0,0016
LC 0,02 Ls 0,12 0,0021
LCy 0,02 Ls 0,13 0,0024
LCy 0,2 L2 0,02 0,0034
LC; 0,07 Los 0,05 0,0034
LC 0,02 Ls 0,2 0,0036
LC 0,02 Ly 0,22 0,0039
LCy 0,02 Lo 0,23 0,0042
LGC; 0,07 Lis 0,07 0,0043
LC; 0,07 Lio 0,18 0,0118
LCs 0,2 L34 0,1 0,0192
LC; 0,07 Lie 0,35 0,0227
LCy 0,2 La 0,12 0,0231
LGC; 0,07 Lo 0,36 0,0233
LC4 0,2 L37 0,14 0,0268
LCy 0,2 L3o 0,17 0,0338
LC4 0,2 L3e 0,23 0,0444
LCy 0,2 L3s 0,23 0,0444
LC, 0,72 Lio 0,08 0,0564
LC, 0,72 Li2 0,14 0,0989
LC, 0,72 L 0,25 0,181
LC, 0,72 Lis 0,26 0,19
LC, 0,72 Lis 0,27 0,1951

Budc 6: Mo hoa do thi phu tai twong ting véi céac ty 1€ 70%, 80%, 90% va 100% cong

suat cuc dai cua phu tai.

Muctai 1 Murctai 2 Mire tai 3 Mire tai 4

70%  80% 9p¢ 100% P

10

Hinh 3.7: Ky thuat m¢ héa muc phu tai
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Gia st truong hop phu tai dang van hanh & murc 83% phu tai cuc dai, két qua mo hoa

mirc phu tai cho thiy gia tri po>p3 do d6 chon mure tai 2 va chién luoc diéu khién CL,. Két

qua mo phong d6 thi tan sé duoc trinh bay ¢ Hinh 3.8.

Bang 3.34: Két qua tinh toan tong hop cac truong hop mo hoa d6 thi phu tai

Gia tri phan | Chién lwgc | Phu tii sa thai theo | Phu tai sa thai theo thir tw
tram tiai cuc | dieu khién thir tu trong so tdi dua | trong so tii dua trén Fuzzy-
dai trén AHP AHP

70%-75% CL, Lo, L4, Las, Ls Ls, Lo, L4, Lg

75%-85% ClL, Lo, La, Los, Ls L3, Lo, L4, Ls

85%-95% CLs Lo, L4, Las L3, Lo, Ly

>95% CL4 Lo, L4, Las L3, Lo, Ls

D6 thi tan s6 khi sa thai phu tai ing véi cac trudng hop van hanh 70%, 80%, 90% va

100% phu tai cyc dai duge trinh bay & Hinh 3.8.

601

Ln
[r=)
f=]

Frequency (Hz)

L
[r=]
Ln

—— WircTai 70% — Ivhirc tai B0%

M tai 90% Mirc tai 100%

6§ 8 10 12 14 16 18 20 Time (Sec) 28 30 32 34 36 38 40 42 44 45 48 50

Hlnh 3.8: Tan s hé thong khi sa thai phu tai theo phuong phap

Fuzzy-AHP véi truong hop van hanh & cac muc tai khac nhau
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Két qua mé phong cho thiy tan s trude khi thue hién chuong trinh sa thai phu tai dé
xuit 12 59,6 Hz, sau khi 4p dung chuong trinh sa thai tai dé xuét, tan s6 da cai thién trén
gi tri cho phép, gia tri tin s6 phuc hdi 6n dinh tir 59,86Hz dén 59,95Hz trong thoi gian tir
35s dén 45s.

So sanh phuong phap sa thai dé xuit v6i trudng hop sa thai phu tai theo thuét toan
AHP cho hé théng dién IEEE 37 bus 9 mdy phat, thi c4 hai trudong hop tan s déu phuc hoi
dén gia tri cho phép va dat gia tri gan bang véi tan s6 dinh mirc. Tuy nhién, phwong phap
sa thai theo Fuzzy-AHP c6 téng cong suit phai sa thai it hon, nguyén nhan 14 do thuit toan
Fuzzy-AHP gitip cho viéc lwra chon trong s6 chinh xac hon va luong cong suét sa thai vira
du. Cu thé, luong cong suét sa thai giam tir 9,44% dén 10,5%. Trong thi trudng dién canh
tranh, viéc giam luong cong sudt sa thai nay giup lam giam thiét hai do cit dién gay ra va
c6 ¥ nghia vé mit kinh té rt 1on. O ddy, cac qua trinh diéu chinh tan sé cia may phat déu
duoc xem xét. Chi tiét cua qué trinh diéu chinh tan sd hé théng dién duoc trinh bay ¢
Chuong 4. Két qua so sanh gitta phuong phap sa thai phu tai theo AHP va Fuzzy-AHP
trinh bay ¢ Bang 3.38.

Bang 3.38: Két qua so sanh giita phuong phap sa thai phu tai theo AHP va Fuzzy-AHP
Phuong

. - Thuéat toan AHP Thuét toan Fuzzy-AHP
phap sa thai
Chién Chién | Chién | Chién | Chién | Chién | Chién | Chién
lwoc lwoc lwoc lwoc lwoc lwoc lwoc lwoc
diéu diéu diéu diéu diéu diéu diéu diéu

khién 1 | khién2 | khién3 | khién 4 | khién 1 | khién 2 | khién 3 | khién 4
Phu tai sa| Lo, L4, | Lo, L4, | Lo, L, | Lo, La, | L3, Lo, | L3, Lo, | L3, Lo, | Ls, Lo,
thai Los,Ls | Los, Ls Los Los L4, Lg | L4, Lg L4 L4
Cong suat sa

thii (MW) 127,35 | 143,69 | 161,64 | 179,62 | 113,98 | 130,11 | 146,38 | 162,65
Téan s6 phuc
héi (Hz)
Thoi  gian
phuc hdi (s)

59,94 59,99 59,95 60 59,91 59,95 59,86 59,89

35s 40s 44s 50s 35s 40s 40s 45s

V& thoi gian phuc hoi tan sb, ca hai phuong phap déu c6 dic diém 13 mirc tai cang cao
thi thoi gian phuc hdi tan s cang lau. Tuy nhién, phuong phap Fuzzy-AHP c6 thoi gian
khoi phuc tan sb nhanh hon so vé6i phwong phap AHP.
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Nhan xét va két luin chwong 3

Chuong 3 d3 dé xuit viéc ap dung thuat toan Fuzzy-AHP cho phép xéac dinh hé sb
tam quan trong cua cac nut tai trong hé théng dién. Viéc xac dinh hé sb tam quan trong cua
cac nut tai giup cho viée xép hang th tu wu tién sa thai phu tai c6 hé s6 tAm quan trong tir
thip dén cao. Thuit toan Fuzzy-AHP gitip viéc xay dung ma trin phan doan giita cac trung
tam tai va gitra cac phu tai trong cac trung tam tai tré nén linh hoat hon khi cac chuyén gia
van hanh hé théng dién dua ra cac phén doan tam quan trong. Bén canh d6, vi¢c mo hoa
d6 thi tai da gitp giam s6 chién lugce didu khién sa thai phy tai khi hé thong van hanh &
nhiéu mirc tai khac nhau. Diéu nay c6 y nghia trong viéc don gian hoa viéc van hanh va
diéu khién sa thai phu tai khi hé thong bi su ¢6 va phu tai bién d6i lién tuc.

Phuong phap sa thai phu tai d& xudt rit phu hop vé6i thuc tién cia cac nudce trong diéu
kién chua c6 su khdo sat chuyén sau vé chi phi phu tai dién, cac chi phi thiét hai khi sa thai
phu tai, sy ddnh gia con mang tinh kinh nghiém va cam tinh. M6 hinh sa thai phuy tai d¢
xudt thé hién sy mém déo va linh hoat v6i viéc ap dung bién ngon ngit.

Tuy nhién, khi xdy dyng céc ma tran phan doan phu tai phu thudc rat nhiéu vao y kién
chuyén gia. Do d6, trong qua trinh lira chon céc chuyén gia cho ¥ kién, can phai lya chon
céc chuyén gia am hiéu sau vé hé thong va 1a nhitng chuyén gia dau nganh khi xem xét dé
liy ¥ kién nhim giam thiéu sai st khi y kién khong hoan hao.

Noi dung chuong tiép theo s& trinh bay phuong phap xac dinh luong cong suit sa thai
phu tai. Qu4 trinh tinh ton nay c6 xét dén cac yéu t diéu khién tin sb so cap va diéu khién

tan sb thir cAp cua may phat dién nham tbi thiéu luong cong sut sa thai phu tai.
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Chuong 4
TINH TOAN LUQNG CONG SUAT SA THAI

TOI THIEU CO XET DPEN PIEU KHIEN SO CAP
VA THU CAP TO MAY PHAT PIEN

4.1 Pit van dé

Céc nghién ctru vé sa thai phuy tai trude day [9], [10], [19] chi yéu tinh toan lwong
cong suit sa thai phu tai dya trén phuong trinh chuyén déng quay cua rotor hay duoc thuc
hién tai cic phat tuyén duong ddy trung thé da duoc cai dat san va khi tan s6 giam xudng
dén ngudng quy dinh thi céc relay sa thai phu tai phat tuyén s& ra 1énh cit toan b phat
tuyén. Diéu nay c6 thé 1am cho luong cong suit sa thai phu tai khong chinh xac trong viée
khoi phuyc tan s vé gid tri cho phép. Chuong 4 trinh bay phuong phap tinh toan lugng cong
sudt sa thai phu tai ti thiéu dé phuc hoi tan sé vé gia tri cho phép trén co s xem xét cac

yéu to di€u khién so cap va diéu khién thur cap to6 may phat dién.

4.2 Tong quan vé dap ung tin so ciia hé thong dién

Xét mang dién gdm mot may phat cung cip cho mot tai doc 1ap duoc trinh bay & Hinh

4.1.
Van/Cua Pe
HO"l hogc e Tuabin =@
nuwoc
~ i Ta1 P
Bo diéu 5
toc l

Hinh 4.1: May phat cung cap cho phu tai doc 1ap

Kha nang bién doi cong suat theo tan sO hay kha ndng on dinh tin s6 cua tuabin dugc
xac dinh bé1 do doc cua dac tinh diéu chinh ctia bo di€u chinh tée d6 [77]. P06 doc cua dac

tinh diéu chinh dugc x4c dinh bang biéu thirc:
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_TAR Af
Fs, o

K (4.1)

F

O day: PGn 1a cong suat dinh mirc ciia may phat, f,la tan s6 dinh mrc, Af = £ — f,la

d6 thay ddi tan s6, A 1a d6 thay d6i cong sudt phat.
Cong thirc (4.1) cho biét mot su thay d6i 1% (so v6i dinh mirc) ctia tan s6 s& kéo theo

mdt su thay doi Kr % ctia cong sudt phat (so v6i cong suat dinh mirc ciia may phat).

Dit g = _L 14 hé s6 didu chinh toc do. Cong thire (4.1) duoc viét lai:

F

-P
AP, = —% A (4.2)
R/

Phuy tai trong hé thdng dién 1a tong hop da dang céc thiét bi dién khac nhau. Péi voi

cac phu tai dién trd, ch'fmg han nhu tai chiéu sang va sudi am, cong suét dién khong phu
thudc vao tan sd. Trong truong hop phu tai dong co, ching han nhu quat va may bom, cong
sudt dién thay ddi theo tan s6 1am thay ddi tbc 6 dong co. Theo [78], cong sudt ciia phu
tai tong hop co thé dugc biéu thi theo biéu thuc:

B =F,+F, (4.3)

O day: Py 1a thanh phan phu tai tong hop, Pip 1a thanh phan phu tai khong phy thudc
tan sb, vi du: tai nhiét, chiéu sang,...; Pp 1a thanh phan cta phu tai phu thudc vao su thay
dbi cua tan sb, vi du: dong co, may bom.

Theo [77], quan hé giita d6 bién ddi cong sudt phu tai theo d6 bién ddi tan sb duoc

xé4c dinh theo biéu thirc:

AP,

D

Y pp 4.4
o 4.4)

0
O day, Pr. 1a cong suat phu tai ciia hé thong, APp 14 d6 bién ddi cong suét phu tai theo
d6 bién ddi tan sb, D 1a hé sd dic tinh phan trim thay doi cla tai theo phan trim tin s thay
ddi, giatri D tr 1% dén 2% va xac dinh béng thyc nghiém trong hé théng dién [78]. Vi du,

gia tri D=2% co nghia 1a mot su thay ddi 1% cia tan sb s& gay ra su thay doi 2% o tai.

4.3 Qua trinh diéu chinh tin s6 khi c6 sw c¢6 trong hé thong dién
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Qua trinh diéu chinh tan s khi ¢ sy ¢b trong hé thdng dién gdm cac giai doan: diéu
chinh cép 1 hay diéu chinh tan sb so cip, diéu chinh cip 2 hay diéu chinh tan sd thir cip
[79]. Trudong hop sau khi thuc hién diéu chinh cap 2 ma tan sd van chua quay vé gia tri cho
phép thi phai thuc hién diéu khién sa thai phu tai dé khoi phuc tin sb vé gia tri cho phép.
Qua trinh diéu chinh tin s trong hé thdng dién dugc trinh bay ¢ Hinh 4.2 [8].

Diéu khién phia tai

Bieu khién phia may phat 1
. 2 T -+
TOIE Diéu khién
Diéu khién khdn cAp
s0' cap
| df fdt
us[ Mayphat Hé théng dién | US|
R e
: Diéu khién
| thit c3p
]

________________

Hinh 4.2: So db diéu khién tan sb trong hé thong dién

4.4 Pi¢u chinh tn sb so cap trong h¢ thong dién
Diéu chinh tin s so cp 1a qua trinh didu chinh tirc thoi duge thyc hién boi s6 lugng
16n céac td may c6 bo phan diéu chinh cong suit tuabin theo su bién ddi cua tan sb [11].
Truong hop t6 may khong co trang bi bo diéu tc, dic tinh phéat cong suat duoc trinh
bay & dic tuyén (B) Hinh 4.3. Trudng hop t6 may co trang bi bo diéu tdc, dic tinh phat
cong suat duoc trinh by & dic tuyén (A) Hinh 4.3.
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Trong ché do van hanh 6n dinh, can bang, diém giao nhau cua dic tinh may phat (A)
v6i dic tinh tin sé cua phu tai (F) xac dinh tan s6 fo. Gia thiét rang d6 13 tin sé chuan, biang
50Hz hodc 60Hz.

Trong trudng hop su ¢b may phat, tong cong suit phat giam tir Pan xudng con Pgn.1,
trong ng s& 1a dudng dic tinh méi (C). Tan sé méi i 13 giao diém cua dic tinh may phat
c6 trang bi bo diéu tc (C) v6i dic tinh cia phu tai (F). Puong dic tinh (C) cho thiy tac
dong cua bo didu toc thay d6i cong suat turbine theo sy thay doi cua tan sd.

Truong hop nay c6 thé thiy fi <fo, bo diéu toc khong can trd duoc sy suy giam tan
s0. Tuy nhién, nho c6 bd diéu tdc d3 han ché duoc d6 1éch 16n cua tin sb. So sanh véi
truong hop may phat khong co bo diéu tdc (dic tinh (D)) thi giao diém véi dic tinh méi
ctia phu tai Pr s& xac dinh tan s i, luc nay fi'<f).

Nhu vy, bd diéu toc cua t6 may phat di c6 tac dung diéu chinh tan sb va duoc goi 1a
bd diéu chinh tan s so cip. Qua trinh nay dugc goi tuong tng 13 qua trinh diéu chinh so
cap. Hiéu qua ctia qua trinh diéu chinh tin sé so cip phu thudc vao do doc dic tinh didu
chinh cta t6 may. Trong trudng hop 1y tudng, dic tinh diéu chinh cua t6 may thang dung
(dic tinh (H)), tAn sb s& khong thay doi cho dén gidi han cong suit cua t6 may diéu tan.
Chinh dic diém trén cta qua trinh diéu chinh so cAp din dén sy can thiét can thiép tir bén
ngoai (do thiét bj diéu khién tr dong thuc hién hodc do ngudi van hanh tac dong) - d6 1a

qua trinh diéu chinh thi cip.
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Prs
Pz Py
(B) FL-ﬁPLs =
ﬂPPrhnm'z __________________________________

AP Secondary

(A)

f | f 1 f 2 f o f 0
Hinh 4.3: Dic tinh diéu chinh tin s so cap-thir cip trong mdi quan hé giira
cong suat va tan sd
4.5 Pi¢u chinh tin s thir cap trong h¢ thong dién

Diéu chinh tan sb thi cap 1a qua trinh didu chinh tiép theo ctia diéu chinh tan s so
cap thuc hién thong qua mot sb cac té may duoc quy dinh cu thé trong hé théng, hoic theo
1énh diéu do [11].

Trén d6 thi diéu chinh tin s6 thir cap & Hinh 4.3 dugc thé hién bang cach dich chuyén
song song duong dic tinh (C) sang thanh dic tinh (E) cta té may, véi do doc van khong
thay doi. Piém giao nhau cua dudng dic tinh (E) va dudng dic tinh cua phu tai (F) xac
dinh tin s6 méi f>. Trong trudng hop gia tri tin sd f> ndy nho hon gid trj tan sé cho phép
f.p thi phai tién hanh sa thai phu tai, dic tinh phu tai ban dau (F) chuyén thanh dic tinh méi
ctia phu tai (G). Piém giao nhau cua dudng dic tinh (E) va duong dic tinh méi cta phu tai

(G) xé4c dinh gia tri tan sb cho phép fep.
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Nhu vay, trong truong hop su ¢ thiéu hut ngudn phat hay mat can bang cong suét
giita phu tai va ngudn phat thi hé thdng dién s& trai qua cac giai doan: diéu chinh tan sd so
cip va tn s6 thi cap. Sau khi thuc hién qua trinh diéu chinh tan sb thi cp ma tin s hé
thdng dién van chua phuc hdi vé gia tri cho phép thi phai thyc hién sa thai phu tai nhim
khoi phuc tan sd. Py duogc xem nhu 13 giai phap bét budc cudi cung dé tranh ra ludi va

sup do hé théng dién.

4.6 Tinh toan lwong cong suit sa thai phu tai toi thiéu dé phuc hdi tan sb vé gia tri cho
phép
4.6.1. Muc dich ciia viéc tinh toan lwong cong suit sa thai phu tai toi thiéu

Viéc tinh toan luong cong suét sa thai phu tai toi thiéu PLs min nhdm dam bao sa thai
lwong cong suat it nhat ma van phuc hoi tin s6 hé thong dién vé gia tri cho phép dong thoi
giam thiét hai it nhat cho khach hang tiéu thu dién. Viéc tinh toan c6 xem xét dén cac yéu

t6 diéu khién so cap va didu khién thir cap to may phat dién phu hop véi thyc té van hanh.

4.6.2. XAy dung cong thirc tinh toan hrong cong suit sa thai phu tai tdi thiéu

Trong hé thong dién c6 n may phat, khi h¢ théng dién xuat hién sy cd mat may phat
dién, viéc diéu chinh tan sd so cép cua (n-1) may phat con lai dugc thuc hién véi su diéu
chinh lugng cong suit theo bicu thirc sau:

n— n—

\ | =F Af,
AP, rimary control —"»"_1 (45)
1 P y trol IZ:I: R fo

i=

O daY’ A1)Primary control

la cong suat dicu chinh so cap cia may phat thtr i; £, cong suat

phat cia may phatthiri; Af, = 7, - f,d0 suy giam tan so; fo 12 tan sd dinh muc cta hé théng.

Khi xay ra sy ¢6 mat may phat, sy chénh 1éch giita cong suat phat va cong sudt phu
tai Pr s& dan dén su chénh 1éch tan sb, cu thé 13 tin sb bi suy giam. Luong cong suét cua
tai phu thudc tan sb s& giam mot lugng APp duoc trinh bay & biéu thirc (4.4).

Trang thai cin bang cong suat duoc trinh bay theo biéu thirc sau:

n—1 n—1

IJL - APD = ZP G; + Z AI)Primary control (46)
i=1 1

i=
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n—1 n—1 —P
P - P, =AP, + G A (4.7)

i=1 ¢ P i=1 i fO
P—SP +§ o, A (4.8)
Lag f = R [
n-1 Af n-1 PG
P, - P, =—(25(P,.D ) (4.9)
t i1 o = fo = R,
n-1
= f1

Tl biéu thire (4.9), suy ra: AP, = i (4.10)

/o
Trong trudng hop c6 xét dén cong suét diéu khién thir cip dé khoi phuc tan sd, trang
thai can bang cong suat mai voi gia tri tan sb méi f2, biéu thirc (4.6) trd thanh:
n—1 n—1

P, —AF, :ZPGi +ZAPP

i=1 i=1

+APR (4.11)

rimary contro. econdary control max

O day, AP 1a lvong cong suat didu khién thir cap t6i da phat 1én hé thong

Secondary control max

dién. Luong cong suat diéu khién thir cip nay dugc xac dinh theo biéu thire (4.12).

APSecondary control max Z( Gm. ] Pr1mary control, J) (4 1 2)
O day, P om. ;18 CONg sut phat toi da ciia may diéu khién tan sb thi cép j, AR, imary control.

1a cong suit diéu khién so cdp clia may phat diéu khién thu cap j.
Sau khi thuc hién qua trinh diéu khién thir cdp ma tin sé hé théng vin chua khoi phuc
vé gia tri cho phép f, thi viéc sa thai phu tai la diéu bat budc phai thyc hién dé phyc hoi

tan sO, lugng cong suat sa thai Prsmin dugc tinh theo biéu thure sau:

n—1

P AP PLS min Z P + Z Primary control + APSecondary control max (4 . 1 3)
n—1
APLS min PL - AP D Z P Z Primary control APStzcondzu'y control max (4 14)
n—1 f n—1 P
A LSmin PL PG + f Secondary control max (4 1 5)
i=1 1 0

O day: Af., = f,— f.,1a do suy giam ta‘?m s6 cho phép.
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Biéu thuc (4.14) duoc viét gon lai theo biéu thirc sau:

Af,,

0

AP .. =AP + (4.16)

B - AP,

econdary control max

4.7 Tinh toan kiém tra trén so d6 hé thong dién chuin

Phuong phap tinh toan luong cong suét sa thai phu tai dé xuat duoc kiém nghiém trén
so do hé thdng dién chuan IEEE 37 bus 9 mday phat [75]. So dd don tuyén cua hé thong
dugc trinh bay & Hinh 4.4. M4y phat dién tai Bus-31 dugc xem la nit can bang. Tong cong
suit tac dung va cong suat phan khang cuc dai ciia cac may phat tuong tng 13 1087MW va
449Mvar va Shase=100MVA cho hé théng thir nghiém nay. Cong suat tac dung phu tai cta
hé thong 12 1010,75MW. Céc giai phap diéu khién dé giir tin s o trang thai 6n dinh va

giam thiéu gia tri tai sa thai vé1 muc ti€u l1a duy tri dugce tan sd on dinh tir 59,7Hz dén 60Hz.

e e e e e e e B e e e e e e e o e e

X Qg ™
Y = ¥ v Mms SLACK138 ;

oF ok 3 IR

02 P b TamM3as . A
- Lotpu = Vv T — (N,
r e 2w " P A = )
158 muar L0 P P RAYED F 3
PAIGS L01 L i GR .

A
A\
N
A\
A
A\
3
(2
A
3
A
/3
i\

Hinh 4.4: So d6 hé thong dién chuan IEEE 37 bus 9 may phat

Pé kiém tra hiéu qua ctia phwong phap dé xudt, cac tinh hudng ngimg hoat dong hay
ngit két ndi v6i hé thdng dién cua cac don vi may phat dién duoc tinh toan, mé phong va

kiém tra cac thong s6 nhu: d§ suy gidm tan so, lugng cong suat di€u khién so cap, lugng
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cong suét diéu khién thr cip, va luong cong suat sa thai phu tai tdi thiéu. Trong cac trudng
hop tinh toan va mé phong thi cong suat dé diéu khién tan sb so cap va thir cdp duoc xem
xét. Tt ca cac trudong hop thir nghiém dugec mo phong trén phan mém PowerWorld
GSO19.

Truong hop nghién ciru xem xét may phat JO345#1 (bus 28) ngirng hoat déng va ngit
két ndi voi ludi dién.

Ap dung biéu thirc (4.10) tinh toan dugc gia tri tin s6 6n dinh khi may phat JO345#1

(bus 28) ngirng hoat dong 14 59,6Hz, két qua do thi tin sé md phong dugc trinh bay ¢ Hinh
4.5.

G0
59.95
£9.9
£8.35
59.8
5875
BO.¥
8065
B0.6

R9.5h

Hz

h9.5
ES.45
ES.4
B9.35
59.3
5925
it
59.15
59.1
59.05

0 5 10 15 20 25 30 35 40 45 50
Times (s)

Hinh 4.5: Tan s6 cua hé thong khi may phat JO345#1 ngt ra khoi hé thong dién
Quan sat d6 thi Hinh 4.5 cho thiy gia tri tAn sb sau khi su 6 ngirng may phat JO345#1
(bus 28) nho hon gié tri cho phép. Do d6, can tién hanh qu4 trinh diéu khién tin sb so cp
va diéu khién tan s tht cfip da trinh bay ¢ muc 4.4 va muc 4.5 dé phuc hdi tan s6. Viéc

diéu chinh tan sb so cép duoc thyc hién ty dong. Phan trng cua bo diéu tdc turbine thuc
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hién ngay sau khi may phat JO345#1 (bus 28) ngimng hoat dong. Gia tri cong suat dicu

khién so cip ctia mdi turbine mdy phat duoc trinh bay ¢ Bang 4.1.

Bang 4.1: Gia tri cic thong so va cong suat dieu khi€n so cap cua cac may phat

STT P
may | MAy phat Pcmw) | Pcpw | R rimary control (PU) | —22
phat R
1 WEBER69 31,5 0,315 | 0,05 0,035 7
2 JO345#1 0 0 0,05 0 0
3 JO345#2 135 1,35 | 0,05 0,15 30
4 SLACK345 187,28 | 1,8728 | 0,05 0,22 44
5 LAUF69 135 1,35 | 0,05 0,15 30
6 BOB69 46 0,46 | 0,05 0,052 10,4
7 ROGER69 72 0,72 | 0,05 0,08 16
8 BLT138 126 1,26 | 0,05 0,14 28
9 BLT69 99 0,99 | 0,05 0,11 22
Téng 831,78 | 8,3178 0,937 187.,4

Do tan sd phuc hdi nho hon gia tri cho phép nén qua trinh diéu khién tan sb tha cap
duoc thuc hién sau khi thuc hién diéu khién so cip. Cong suit du phong may phat diéu tan
s& dugc huy dong dé thyc hién diéu khién thi cap. Trong hé so d6 hé théng dién IEEE 37
bus 9 may phat, may SLACK 345 (midy SLACK bus) dugc chon 1am may diéu khién tin
sO thir cip. Trong truong hop ndy, ap dung biéu thirc (4.12) tinh dugc luong cong suat didu
khién thir cip huy dong duoc 13 10,72MW. D6 thi mé phong tan sd cia hé thdng sau khi
thuc hién diéu khién tht cp trinh bay & Hinh 4.6.
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&0
£9.95
59.9
£9.85
£D.8
59.75
BO.Y
h9.65

50.6
59.55
585
£S.45

Hz

59.4
£9.356
593
59.25
59.2
59.15
£0.1

£9.056

0 B 10 15 20 25 30 35 40 45 B0
Times (s)

Hinh 4.6: Tan s6 cua hé thong sau khi thyc hién qua trinh diéu khién so cdp va thir cap

Nhu vay, sau khi thyc hién qua trinh diéu khién thir cap thi tan s6 phuc hoi 1a 59,66Hz
va van chua tré vé gia tri cho phép. Do d6, giai phap cudi cling 1a phai thyuc hién sa thai
phu tai dé khoi phuc tan s vé gia tri cho phép. Ap dung biéu thirc (4.16) tinh toan dugc
luong cong suét sa thai tdi thiéu dé phuc hoi tan sd vé gia tri cho phép.

Trong hé thdng dién tan sb 60Hz thi d6 suy giam tan sé cho phép Afep 14 0,3Hz (Afey=

-0.3Hz) [9], [80]. Do dé, khi tinh trong hé don vi twong déi (pu) thi Af, = %( pu).

Af,
=APL+%ﬂ—APS

0

AP,

LS min econdary control max

n—1

AP, =P, - P, =9,5394-8,31780 =1,2216

i=1

n—1
p=PFP.D+ Z% =9,5394.0,02+187,4 =187,590788
i=1

i
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AP (-0.3)

LS min

=1,2216+

187,590788-0,1072 =0,1764 pu

Viy luong cong suit sa thai phu tai toi thiéu Proad shedding min 13 17,64MW.
Dé kiém tra hiu qua ctua phuong phép, lvong cong suit sa thai phy tai toi thiéu nay
duoc phan bd déu cho cac nut tai va duoc trinh bay ¢ Bang 4.2. Két qua mo phong tan sb
cua hé théng dién khi sa thai phu tai dya trén lugng cong suit sa thai phu tai ti thiéu tinh

toan dugc trinh bay & Hinh 4.7.

Bang 4.2: Phin bd cong suit sa thai tai cac nat tai

Nut tai Lwgng cong suit sa thai (MW)
L 0,7056
L3 0,7056
L4 0,7056
Ls 0,7056
Le 0,7056
L, 0,7056
Ls 0,7056
Lo 0,7056
Lio 0,7056
Li 0,7056
L2 0,7056
Lis 0,7056
Lia 0,7056
Lis 0,7056
Lie 0,7056
Lig 0,7056
L2 0,7056
L3 0,7056
Los 0,7056
L3o 0,7056
L3z 0,7056
Lsa 0,7056
Lss 0,7056
Lse 0,7056
Ls7 0,7056

Tong 17,64
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60,1

60 —

59,9

59,8

59,7

Frequency (Hz)
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© I & o o o
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o

2 4 6 8 10 12 14 16 18 20 Time (Sec) 28 30 32 34 36 38 40 42 44 46 48 50

Hinh 4.7: Tan s6 cua hé théng sau khi thuc hién sa thai phu tai
Nhu vay phuong phép tinh toan lugng cong suat sa thai phy tai t6i thiéu dd dam bao

gitip cho tan sé hé théng dién phuc hoi vé gia tri cho phép 59,7Hz va cho thiy hiéu qua cua
phuong phap dé xuat.

Nhin xét va két luan chwong 4

Phuong phap tinh toan lugng cong suét sa thai phuy tai dé xuat c6 xét dén cac yéu t6
diéu khién so cip va diéu khién thu cip t6 may phat dién, diéu nay phu hop vé6i thuc té van
hanh ctia hé thong dién. Phuong phap nay c6 cong suit sa thai phu tai dam bao phuc hoi
tan sd vé gia tri cho phép gitp giam thiéu thiét hai gy ra khi phai cat dién. Két qua tinh
toan ctia chuwong nay 1am co s cho viée phan bd luong cong suit sa thai tai cic nut tai dua

trén viéc phbi hop nhidu phuong phap sa thai phu tai khac nhau sé dugc trinh bay & chuwong
5.
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Chuong S
PHUONG PHAP SA THAI PHU TAI CO XET

PEN VIEC PHOI HQOP NHIEU PHUONG PHAP

5.1 Pat van dé

Phén 16n cac cong trinh nghién ctru vé t6i vru hoa sa thai phuy tai [29], [51-54], [59],
[61], [62] c6 xét dén cac rang budc da muc tiéu chu yéu 1a dé giai quyét bai toan tdi thiéu
lwong cong suat sa thai phu tai. Cac rang budc da muc tiéu da phan déu 1a cac rang budc
vé mit k¥ thuat, vi du nhu: rang budc vé cong suit phat cua céac to may, kha ndng mang tai
ctia duong day, dién 4p tai cac nut,... Tuy nhién, trong thuc té hién nay, viéc sa thai phu tai
phai théa man nhiéu muc tiéu khac nhau bao gém ca viéc dat dugc cac yéu cau rang budc
vé khia canh k¥ thuat 1an myc tiéu vé khia canh kinh té: khoi phuc tan sd, hé s6 tim quan
trong cuia phu tai, thiét hai gdy ra do cét dién, mirc d6 uvu tién, phan bd luong cong suit can
sa thai tai mdi tai sao cho t6i wu va giam thiét hai cho bén cung cip dién, ciing nhu bén
khach hang tiéu thy dién,...Viéc giai bai toan sa thai phu tai da muc tiéu nay can phai ap
dung céc giai thuat, h¢ chuyén gia dé giai quyét.

Ngoai ra, trong thi trudng dién canh tranh, cac hé thdng hd trg ra quyét dinh va phan
bd luong cong sudt sa thai phu tai hop 1y trén co s phdi hop nhiéu tiéu chi 1a can thiét dé
tim ra phuong 4n sa thai phu tai dap ung ca vé diéu kién kinh té 1an yéu cau ky thuat.

Do d6, ndi dung chuwong nay sé trinh bay cac phwong phap phan bd luong cong suét
sa thai phuy tai tai cdc ndt tai va phuong phap dé phdi hop nhiéu muc tiéu khac nhau khi

thuc hién sa thai phu tai.
5.2 Phan bd lwong cong suit sa thai tai cac bus tai dwa trén khai niém PED

5.2.1 Khai niém khoang ciach pha PED
Muc tiéu cta viéc phan bd luong cong suat sa thai phu tai tai cac bus tai 1a tap trung
wu tién sa thai tai cic ndit tai xung quanh hodc gin cic may phat bi ngirng hoat dong. Pé

thuc hién diéu nay, khai niém khoang cach dién theo goc pha giita 2 bus duogc str dung.
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Lagonotte Patrick da dua ra phuong phéap tinh khoang cach dién trén ludi dién [81]
dua trén viéc xem xét thong s cua cac ma tran [Xous], [Zbus] va [60/8P] dung dé xac dinh
d6 gan nhau giita cac nat vé pha. Goi Dy(i,j) 12 khoang cach dién theo goc pha giita hai nat
i va nat j. Biéu thtrc tinh Dp(i,j) dwoc xac dinh nhu sau:

Dy(1,j)=Dp(,) = Xi+-Xj—2.Xjj (5.1)

O day: Xi, Xji, Xjj 1an luot 13 cac phan tir ciia ma tran Xpus.

Biéu thirc trén dinh nghia PED giita cac nut 1a khoang cach vat 1y cta dién khang. Khi
xem xét thanh phan tong trd ludi, st dung cac phan tir cia ma tran [Zwws], dinh nghia vé
khoang cach dién pha c6 thé duogc viét lai du6i dang [81], [82]:

Dy(i,j) = Zic + Z;j=2.Z; (5.2)

O day: Zi, Z;i, Zij 1an luot 13 cic phan tir cua thanh phdn ma trin Zs.

Néu xét thém su tham gia ciia cong sudt tac dung va goc 1éch pha trén ludi, mot dinh
nghia t6t hon duge dua ra, st dung cac phz‘in tir cia ma tran [00/0P]. Ma tran [60/0P] duoc
viét tac 1a [ /)] [82], mot thanh phan cta ma tran Jacobian trong phuong phap Newton-
Raphson khi tinh phan b cong suat. Trong trudng hop nay, khai niém khoang cach dién
theo goc pha gitra hai bus dugc dinh nghia nhu sau [81]-[85]:

D, (i, /)= ()i + () = () s = (T), (5.3)
Biéu thuc (5.3) viét cach khac:
Dy(i,j) =(80:/5P;:)+ (56;/5P;)- (56;/5P;)- (56:/5P;) (5.4)

Biéu thirc (5.4) c6 thé duogc viét lai nhu sau:

66, 60, 50 o0,

Dy, )= oy "o
oP. OR 5P oP, (5.5)
O day:
o0. 60 |,. Z: 4 .n L A £ N
51; —-L |1a su thay do61 goc pha gitra 2 nat j va 1 do cong suat P bom vao ntt ;.
J j

(55‘9 ?9 ] 1a sy thay doi goc pha giita 2 nat i va j do cong suat P bom vao nut i.
P P
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Biéu thuc (5.4) co thé viét theo cach khac:
50, 86, 56 56
_ L 4+ I i

DG j)=
b (1, /) 5PJ 5P, 5P, 5[;

(5.6)

O day:

i

08, 06, ;. ) . 5 .
[ﬁ—g—}i} 1a sy thay doi goc pha tai j do cong suat tac dung truyén tir j dén i.
j

[% —%J 1a su thay ddi goc pha tai i do cong sudt tac dung truyén tir i dén ;.
i j

Hai nit dién gan nhau s& ludn c6 mot PED giita 2 nut rat nhé. PED giita nit tai va
may phat cang nho thi nut tai cang gan may phat bi sy ¢d. Do d6, khi xuat hién su cb tai
mot ving trén ludi dién, viéc diéu chinh ludi dién tai ving sy ¢d s& dat duoc hiéu qua tot
nhét. Vi vay, viéc lam tdi thiéu sai sb diéu khién tai vung xuét hién su c6 sé it anh huong
t6i cac ving khéc trén hé thong. Trong sa thai phu tai ciing vay, khoanh viing sy ¢6 nghiém
trong va sa thai tai xung quanh ving su c¢b s& lam cho anh hudng ciia sy ¢d toi hé thong
nhé hon, phuong an sa thai tai hi€u qua hon.

Viéc tinh toan PED duoc thuc hién theo cac Budc sau:

Budre 1: Trich xuat ma tran Jacobian [ J,,].

Buéc 2: Nghich déo céc phan tir trong ma tran Jacobian [ J,, ], tinh dugc ma tran [

T ]

Buéc 3: Ap dung cong thic (5.4) tinh duoc Dp(i.j)

Budrc 4: Loc lai ma tran dé tim quan h¢ gifra cac nut may phat vdi cac nut tai

Buérc 5: Xiap sép tht tir cac nut tai theo vu tién PED ting dan giita nat tai va may phat
bi su ¢ twong twong tmg.

Khi mot may phat bi sy cd xay ra tai nat n, luong tai sa thai tai m nut tai khac nhau
dwa trén PED c6 thé duoc phan bd theo nguyén tic: nut tai cing gan may phat bi sy cd thi
luong cong suat sa thai cang nhiéu va nguogc lai. Biéu thic tinh toan luong cong suét sa

thai tai cac nut tai theo PED trinh bay & biéu thuc (5.7) [86]:
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&S‘ =— fszin (5-7)

Véi b 1 (5.8)
Zi:tm D

P.mi

O day: m 14 thtr ty bus may phat; i 1a thi ty bus tai; Prs; 1a lugng cong suét sa thai phu
tai cho nut tai thr i (MW); PLs min 14 Iugng cong suét sa thai tbi thiéu dé phuc hi tin sb vé
gia tri cho phép (MW); Dpmi 1a PED ctia tai twong (mg t&i may phat bi sy ¢ m; Dp.eqla

PED tuong duong cta tit ca cac nit tai va may phat.

5.2.2 Thir nghiém — kiém tra phwong phap dé xuit trén so' d6 hé théng dién chuin
Hiéu qua cta phuong phap dé xuét duoc kiém nghiém trén so do hé thdng dién chuan

IEEE 37 bus 9 may phat [75]. So d6 don tuyén cta hé théng dugc trinh bay ¢ Hinh 4.4.

Céc giai phap diéu khién va phan bd luong cong suét sa thai phu tai dé khoi phuc tan sd vé

gia tri cho phép v&i muc tiéu 1a duy tri dugc tan sé 6n dinh tir 59,7Hz dén 60Hz.

Truong hop nghién cru xem xét may phat JO345#1 ngat két ndi véi ludi dién. Ap
dung biéu thuc (4.15) dé tinh luong cong suit sa thai phu tai tbi thiéu va dya trén két qua
tinh toan cta vi du truong hop nghién ciru & chuong 4, tinh duoc luong cong suét sa thai
phu tai Proad shedding min 12 17,64MW.

Sau khi tinh toan duoc luong cong suit sa thai tdi thiéu, tién hanh phan b luong cong
sut sa thai tai cac bus tai. Viéc phan bd cong suit sa thai duoc thuc hién dua trén gia tri
PED giira may phat JO345#1 va cac nat tai. Ap dung cac budce tinh toan myc 5.2.1 va biéu
thirc (5.4), tinh duoc PED giira cac may phat sy ¢ va cac nut tai. Két qua sip xép thir tu
PED giita cac mdy phat sy ¢b va cac nit tai trinh bay ¢ Bang 5.1.

Quan h¢ PED giita may phat JO345#1 va cac bus tai dugc trinh bay & Hinh 5.1. Quan
sat Hinh 5.1, cho thiy cac bus tai cang gin may phat bi sy ¢d thi ¢6 PED cang nho, cang
xa PED cang lon. Sau khi tinh todn PED gitra may phat bi ngirng hoat dong JO345#1 va
cac nut tai, viéc uu tién phan bd lugng cong suét sa thai cho tirng nut tai dugce tinh toan dua

trén nguyén tic: bus tai cang gin may phat bi sy ¢ thi wu tién luong cong suit sa thai cang
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nhiéu. Ap dung biéu thirc (5.7) tinh duoc gia tri cong suat sa thai tai cac bus tai. Két qua

tinh toan dugc trinh bay & Bang 5.2.

Bang 5.1: Sip xép thir ty PED giita cc may phat su ¢d va cac nut tai

glh“’ W | May phat | Mdy phat | Msy phét | Mdy phat | Méy phat | Mayphat | Mayphat | M4y phat
P];:i)) WEBER69 JO345#1 JO345#2 LAUF69 BOB69 ROGER69 BLT138 BLT69
ting din BUS(14) (BUS 28) (BUS 28) (BUS 44) (BUS 48) (BUS 50) (BUS 53) (BUS 54)
1 Bus 14 Bus 56 Bus 56 Bus 44 Bus 48 Bus 20 Bus 53 Bus 54
2 Bus 34 Bus 30 Bus 30 Bus 30 Bus 21 Bus 33 Bus 54 Bus 15
3 Bus 44 Bus 12 Bus 12 Bus 3 Bus 54 Bus 34 Bus 48 Bus 53
4 Bus 20 Bus 3 Bus 3 Bus 12 Bus 53 Bus 30 Bus 15 Bus 48
5 Bus 30 Bus 44 Bus 44 Bus 24 Bus 15 Bus 14 Bus 16 Bus 16
6 Bus 3 Bus 10 Bus 10 Bus 15 Bus 16 Bus 44 Bus 21 Bus 27
7 Bus 12 Bus 54 Bus 54 Bus 54 Bus 27 Bus 3 Bus 27 Bus 24
8 Bus 33 Bus 15 Bus 15 Bus 5 Bus 24 Bus 12 Bus 12 Bus 12
9 Bus 15 Bus 53 Bus 53 Bus 16 Bus 12 Bus 56 Bus 24 Bus 21
10 Bus 54 Bus 16 Bus 16 Bus 53 Bus 10 Bus 15 Bus 10 Bus 10
11 Bus 24 Bus 27 Bus 27 Bus 27 Bus 44 Bus 54 Bus 3 Bus 44
12 Bus 5 Bus 48 Bus 48 Bus 10 Bus 3 Bus 24 Bus 44 Bus 3
13 Bus 16 Bus 24 Bus 24 Bus 56 Bus 30 Bus 53 Bus 30 Bus 30
14 Bus 53 Bus 17 Bus 17 Bus 48 Bus 56 Bus 10 Bus 56 Bus 55
15 Bus 27 Bus 19 Bus 19 Bus 14 Bus 55 Bus 16 Bus 17 Bus 56
16 Bus 56 Bus 33 Bus 33 Bus 18 Bus 17 Bus 27 Bus 55 Bus 17
17 Bus 10 Bus 21 Bus 21 Bus 37 Bus 13 Bus 48 Bus 13 Bus 13
18 Bus 48 Bus 18 Bus 18 Bus 33 Bus 19 Bus 5 Bus 19 Bus 19
19 Bus 18 Bus 5 Bus 5 Bus 17 Bus 18 Bus 18 Bus 18 Bus 18
20 Bus 37 Bus 13 Bus 13 Bus 21 Bus 5 Bus 17 Bus 5 Bus 5
21 Bus 17 Bus 37 Bus 37 Bus 19 Bus 37 Bus 37 Bus 37 Bus 37
22 Bus 21 Bus 55 Bus 55 Bus 34 Bus 33 Bus 21 Bus 33 Bus 33
23 Bus 19 Bus 14 Bus 14 Bus 13 Bus 14 Bus 19 Bus 14 Bus 14
24 Bus 13 Bus 34 Bus 34 Bus 55 Bus 34 Bus 13 Bus 34 Bus 34
25 Bus 55 Bus 20 Bus 20 Bus 20 Bus 20 Bus 55 Bus 20 Bus 20
GEN JO345#1
Bus 56
Bus 20 Bus 30
Bus 34 10.20 ' Bus12
Bus14 : Bus3
Bus 55 _ 4 _ Bus44
Bus37 . Bus 10
Bus13 ——— 4+ —4+— Bus 54
Bus 3 Bus 15
Bus 18 Bus 53
Bus21 L 1 Bus 16
Bus 33 . Bus 27
Bus 19 \ Bus 48
Bus 24

Hinh 5.1: Quan h¢ PED gitta may phat JO345#1 va cac nut tai
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So sanh hiéu quéa cua phuong phap sa thai phy tai d& xut véi phuong phép sa thai
phu tai dudi tan s UFLS [9]. Két qua so sanh d thi tan sb va goc pha ciia phuong phép
dé xuat va phuong phap UFLS dugc trinh bay ¢ Hinh 5.2 va Hinh 5.3.

60.1
60
599

508 f
597
59.6 /

L
o 5935

Frequency (Hz)
I vl
o o o o
= - [*5] i

L
b=

589
588
587
3586
0 10 20 30 40 30 60 70 30 ag 100
Time (Sec)

——Phwrong phép dé xuit —— Phwong phép UFLS
Hinh 5.2: Tan s6 sau khi sa thai phu tai cia phwong phép sa thai phu tai dé xuat

va phuong phap sa thai phu tai truyén théng

@ 3 o I3 20 23 30 3 40 45 N 33 6 6 70 73 8 8 40 95 100

Deg
&

—— Phuong phép & xuft  ——Phuong phip UFLS

Time {Sec)

Hinh 5.3: Goc léch rotor sau khi sa thai phu tai cuia phuong phap sa thai phu tai dé xuat
va phuong phap sa thai phu tai truyén théng
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Bang 5.2: Gi4 tri cong suit sa thai phan b tai cac nut tai

Tén bus tai Khoing cac pha g\(/)lr‘l%)suat sa thai tai nut tai
Bus 56 0,04985 1,21305
Bus 30 0,05542 1,09107
Bus 12 0,05650 1,07027
Bus 03 0,06046 1,00017
Bus 44 0,06433 0,93999
Bus 10 0,06680 0,90529
Bus 54 0,07037 0,85934
Bus 15 0,07069 0,85538
Bus 53 0,07244 0,83482
Bus 16 0,08001 0,75577
Bus 27 0,08158 0,74127
Bus 48 0,08365 0,72289
Bus 24 0,08637 0,70012
Bus 17 0,09936 0,60859
Bus 19 0,10774 0,56128
Bus 33 0,10895 0,55502
Bus 21 0,10988 0,55032
Bus 18 0,11118 0,54392
Bus 05 0,11244 0,53780
Bus 13 0,12095 0,49995
Bus 37 0,12353 0,48953
Bus 55 0,13139 0,46022
Bus 14 0,13660 0,44269
Bus 34 0,16743 0,36117
Bus 20 0,17781 0,34008
Tong cong suit sa thai phu tai 17,640

Nhu vay, phuong phép sa thai dé xuét c6 luong cong suit sa thai it hon rat nhiéu so
v6i phuong phap UFLS, cu thé lugng cong suét sa thai giam duoc tir 82,93MW xudng con
17,64MW. O day, gia trj tin s6 phuc hdi ctia phuong phap dé xut thap hon so véi phuong
phap UFLS. Tuy nhién, gia trj ndy van trong pham vi cho phép va chip nhin dugc
(59,7Hz). Pac biét khi xem xét goc pha phuc hoi thi thoi gian phuc hdi goc pha ctia phuong
phap dé xuit tuong dwong so voi phuong phap UFLS mic du lwong cong suit sa thai it
hon rat nhiéu. Nguyén nhén 1a do sa thai lugng 16n tai tai cdc nit tai gin v6i may phat bi
ngirng hoat dong lam cho goc pha phuc hdi nhanh hon. Qua d6 chirng minh hiéu qua cua

phuong phap dé xuat.
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Bén canh do, cong ngh¢ tri tu€ nhan tao da dugc ing dung dé nhan dang sy cd va
phan b lugng cong suit sa thai phu tai ap dung phwong phép sa thai dé& xuét khi hé thong
van hanh & cac muc tai khic nhau. Cac cong trinh nghién ctru lién quan dén van dé nay

trinh bai & muc cong trinh nghién ctru lié€n quan.
5.3 Phan b6 lwong cong suit sa thai tai cac nut tai dua trén khai niém VED

5.3.1 Khai niém khoang cach dién ap (Voltage Electrical Distance - VED)

Goi ¢;la cac phan tir cia ma trin suy giam giita tat ca cac nut ciia hé thong dién. Gia tri nay
cung cap thong tin phép do d6 suy giam dién ap tai nat i khi mot nhidu xay ra tai nat j. Do suy
gidm nay trinh bay ¢ biéu thirc (5.9):

AV, =, *AV véio; =(X,; / X ) (5.9)

C6 thé nhén thiy rang, ma trin suy giam [a] thi khong dbi xtng, vi :

aij=X—U¢aﬁ:7” (510)

Ji ii

Dé chuyén dbi tir mot tich thanh mot téng, c6 thé liy log ctia sy suy giam nhu mot dinh
nghia vé khoang cach giita hai nut.

D, (i, j)=—log(e) (5.11)

Tuy nhién, dé thu dugc khoang cach déi xung, biéu thirc (5.12) c6 thé xem nhu mot dinh
nghia vé VED gitta hai nutivaj [81], [87].

D,,(i,j)zDV(j,i)z—Log(aij*aﬁ) (5.12)

Biéu thiic AV, = a; *AV, thé hién su suy giam dién ap tai nat i khi xay ra nhiéu tai nat j. Tir
bi€u thire (5.9) cho thay khoang cach cang gan tuong (mg v6i Dv cang nho hay ¢; cang lon. Méc
khac ¢ cang 16n thi d§ suy giam dién ap tai nat i khi xay ra nhi€u tai nat j cang 16n. Vi vay, khi
x4y ra sy cb mat may phat, bién d¢ dao dong dién ap gén nut su ) 16m, dan dén do suy giam dién
ap tai nhitng niit c6 VED gan ciing tang theo, d6 d6 s& wu tién sa thai nhitng nit tai c6 VED nho
nhat trude hay sy suy giam dién ap 16n nhat (bus yéu hon khi xay ra sy ¢6). Dé dam bao diéu nay,
luong cong sudt tai sa thai tai cac bus tai co thé duoc tinh theo nguyén tic phu tai c6 VED cang
nho thi luong cong suat sa thai cang 1on va nguoc lai. Biéu thirc tong quat tinh toan phan bd luong

sa thai tai cac nat theo VED [88]:
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Py =2 p (5.13)

LSi LS min
V,mi

O day: m 1a may phat thir m; i 12 bus tai thr i; Prsi luong cong sudt sa thai phu tai cho nut tai
i (MW); PLs min lrong cong suat sa thai ti thiéu dé phuc hoi tan sd vé gia tri cho phép (MW); Dymi
VED ciia tai thtr i twong ng t6i may phat bi su ¢b; Dv.eq 12 VED twong dwong cia tit ca cac nit
tai va may phat.
D, = ;1 (5.14)

i#m D

V. ,mi

5.3.2 Thir nghiém — kiém tra phwong phap dé xuit trén so' d6 hé théng dién chuin

Hiéu qua cua phuong phap dé xuét duoc kiém nghiém trén so do hé thdng dién chuan
IEEE 37 bus 9 may phat [75] dugc trinh bay & Hinh 4.4. Truong hop nghién ctru xem xét
may phat JO345#1 ngat két ndi v6i ludi dién. Dya trén két qua tinh toan cua vi du truong
hop nghién ctru chuong 4 tinh duoc lugng cong suit sa thai phu tai 1a 17,64MW.

Ap dung biéu thirc (5.12) tinh duge VED giita cac bus tai voi bus may phét bi su ¢d
JO345#1. Két qua tinh toan trinh bay & Bang 5.3.

M&i quan hé theo VED giita may phat bi su cd JO345#1 va cac nit tai duoc trinh bay
¢ Hinh 5.4.

or )

w

"\

-y

The Voltage Electrical Distance
[o* ¥i) o
\

=]

BusBus BusBus BusBusBus BusBus BusBus BusBus Bus BusBus BusBus BusBus Bus BusBus BusBus
30 56 33 44 03 14 20 34 05 12 24 15 54 18 16 37 27 53 48 17 21 10 19 55 13

Name of Load Bus

Hinh 5.4: Quan h¢ VED gilra may phat JO345#1 va cac bus tai
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Bang 5.3: VED va luong cong suét sa thai khi bi su ¢b may phat JO345#1

Bus tai VED Cong suit sa thai (MW)
Bus 30 1,93331 1,23945
Bus 56 2,00815 1,19326
Bus 33 2,52799 0,94789
Bus 44 2,56398 0,93458
Bus 03 2,98914 0,80165
Bus 14 3,13791 0,76365
Bus 20 3,21071 0,74633
Bus 34 3,22803 0,74233
Bus 05 3,39848 0,70510
Bus 12 3,49661 0,68531
Bus 24 3,53451 0,67796
Bus 15 3,66261 0,65425
Bus 54 3,72225 0,64376
Bus 18 3,72396 0,64347
Bus 16 3,80214 0,63024
Bus 37 3,82862 0,62588
Bus 27 3,83314 0,62514
Bus 53 4,01952 0,59615
Bus 48 4,05141 0,59146
Bus 17 4,31684 0,55509
Bus 21 4,32333 0,55426
Bus 10 4,40264 0,54428
Bus 19 4,56991 0,52435
Bus 55 4,64896 0,51544
Bus 13 4,80471 0,49873
Tong cong suit sa thai phu tai 17,64

Ap dung biéu thtc (5.13) tinh toan luong phan bd lugng cong suat can sa thai tai cac
nut tai. Két qua tinh toan trinh bay ¢ Bang 5.3.

Phuong phap sa thai phu tai dé& xuat duoc so sanh voi két qua sa thai phu tai bang ky
thudt sa thai phu tai truyén théng sir dung relay sa thai phu tai dudi tan sé UFLS[9]. Két
qua so sanh dd thi tan sé va dién ap ctia phuong phap dé xuat va phuong phap UFLS duoc
trinh bay ¢ Hinh 5.5 va Hinh 5.6.
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Frequency (Hz)
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59,1 \

= = Phwong phap khoang cach dién ap
59

— Phuong phap UFLS
58,9

0 2 4 6 8 10 12 14 16 18 20 Time (Sec) 28 30 32 34 36 33 40 42 44 46 48 50

Hinh 5.5: Tan s6 phuc hdi cua phuong phap VED va phuong phap truyén thong UFLS

Bus OAK345

e (pu)

o

Volta

—  Phwong phap khoang cach dién ap
- - Phrong phap UFLS
1

0 2 4 & 8 10 12 14 16 18 20 Time (Sec)2s 30 32 34 36 38 40 42 44 456 43 50

Hinh 5.6: So sanh dién ap phuc hoi cta phuong phap sa thai VED va phuong phap sa thai truyén
thong UFLS

104



Quan sat két qua mo6 phong ¢ Hinh 5.5 va Hinh 5.6, c6 thé thy rang phuong phap sa
thai phuy tai d& xuit c6 luong cong suit sa thai it hon rat nhiéu so véi phuong phap UFLS.
Cu thé, lugng cong suét sa thai giam dugc 65,19MW. O day, gia tri tan sb phuc hoi tuong
d6i nho hon so voi phuong phap UFLS truyén thdng. Tuy nhién, gia tri nay khong dang ké
va van nam trong pham vi cho phép. Bén canh d6, gia tri dién ap phuc hoi twong duong
v6i phuong phap UFLS, d6 vot 16 ciia phuong phap dé xuat thdp hon, mic du luong cong
suét sa thai it hon rat nhiéu.

Két qua so sanh vé dién ap, tin sb va goc pha giita phuwong phéap sa thai phy tai dua
trén PED va phuong phap sa thai phu tai dya trén VED trinh bay & cac hinh tir Hinh 5.7
dén Hinh 5.10.

12

03 7 103 o ) 207
MRS o Mg oon oo oms L0D ogm LIS AL gouis , gooss p L0060 L0002 alR T M

: 0 10 ) NR
osees U gmost 10005 10M9 LOMS g 00986 7 L0044 T baeL T w00 0392

Brién ap (pu)

07
0.6

05
Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus
13 5 10 12 13 14 15 16 17 18 19 20 21 24 27 28 29 30 31 32 33 34 35 37 38 30 40 41 44 47 48 50 33 34 35 36
Tén bus

Hinh 5.7: Di¢n ap tai cac nut tai khi sa thai phu tai dya trén PED
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Hinh 5.8: Di¢n ap tai cac nut tai khi sa thai phy tai dgya trén VED
Quan st gia tri dién ap phuc hdi tai cac nit tai Hinh 5.7 va Hinh 5.8 nhén thdy phuong
phap sa thai dua trén VED c6 gia tri dién ap phuc hdi tai cac nat luén 16n hon hodc bang
gia tri di€n ap tai cac nut tai khi sa thai dya trén PED. O vi tri mot s6 nat tai Bus 10, Bus
13, Bus 16, Bus 18, Bus 21, bus 27, Bus 47, Bus 48, Bus 53 cac gia tri dién 4p phuc hdi co
gi4 tri cao hon so v6i phuong phap sa thai dya trén PED. Qua d6, cho thiy hiéu qua vé mat

gi4 tri dién ap hodi phuc cua phuwong phap sa thai dwa trén VED.

60,1
60

59,9

59,8
| ——
59,7 |
! /
59,6 { !
59,5 f

59,4 i /

Frequency (Hz)

/ ——— Phwong phap khoang cach pha
9 4
59 A

Phwong phap khoang cach dién ap

¢ 2 4 6 8 10 12 14 16 18 20 Time (Sec) 28 30 22 34 36 38 40 42 44 46 48 50

Hinh 5.9: So sanh tan s gitta phuwong phap sa thai phu tai dya trén PED va phuong phap sa thai
phu tai dya trén VED
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Quan sat Hinh 5.9 nhén thdy dap ng tan sd va gi tri tan sé phuc h(k)ivcﬁa phuong phap sa thai dya
trén PED va VED gan nhu twong duong nhau. Nguyén nhan co thé giai thich la do tong luong
cong suat sa thai cia 2 phuong phap bang nhau.

11,6

-13,7 l!l.
- Il H —_— Phuong phap khoang cach dién ap
5 ] Phuong phap khoang cach pha

10 12 14 6 18 20 Tumc (Scc) 23 30 32 3

Hinh 5.10: So sanh goc 1éch rotor phuc hdi giita phuong phép sa thai phu tai dua trén PED va
phuong phép sa thai phu tai dya trén VED

Quan sat Hinh 5.10 nhan thiy goc 1éch rotor ciia phuong phap sa thai phu tai dwa trén
PED c6 dap tng quéa do tot hon, d6 vot 16 thap hon va thoi gian phyuc hdi nhanh hon so véi
phuong phap sa thai phu tai dua trén VED.

Céc két qua so sanh cho thiy trong ca hai phuong phap sa thai phu tai, gia tri tin sb
phuc hdi cta hai phuong phap sa thai gin nhu twong dwong nhau do cuing mét luong cong
sudt sa thai. Tuy nhién, thong s gia trj dién ap phuc hdi ctia phwong phap sa thai phu tai
dwa trén VED t6t hon so véi phuong phép sa thai phu tai dwa trén PED, thong s6 goc pha
ctia phuong phap sa thai phy tai dwa trén PED hdi phuc sém va nhanh hon so v6i phuong
phap sa thai phu tai dya trén VED. Do dé, tity vao truong hop mong mudn phuc hoi dién
ap hay goc pha tot hon ma lya chon mot trong hai phuong phép sa thai phu tai.
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5.4 Phwong phap sa thai phu tii c6 xét dén cac yéu to6 phdi hop nhiéu phwong phap
ap dung thuit toin AHP va hé chuyén gia

Gia st ¢6 n tai trong so dd hé thdng dién nghién ctru duoc xép theo cac tiéu chi/khia
canh: hé sb tim quan trong cua tai, PED, VED. Xét mdt phu tai khi sa thai phu tai can phai
thoa min 3 khia canh/tiéu chi: Tiéu chi vé mtrc d6 quan trong dimg thir i khi sa thai; tiéu
chi vé PED dumng thtr j khi sa thai; tiéu chi vé VED dutng thir k khi sa thai.

Bai toan dit ra 13 trong truong hop mat may phat dién va phai thuc hién sa thai phu
tai, viéc xép hang va phan bd luong cong suit cit cac phu tai nay yéu cau phai thoa man
ddng thoi nhiéu tiéu chi. Dé dat dwgc diéu do, doi hoi phai co sy phén tich hau qua kinh té
- k¥ thuat. Tuy nhién, viéc tinh toan, phén tich nay rat phirc tap va ton kém nhiéu thoi gian.
Do d6, can phai liy y kién danh gia cta cac chuyén gia hé thong dién trong van dé nay.
Céc chuyén gia d& dang cho mot nhan xét bang 161 khi so sanh tirng cip tiéu chi va st dung
ngodn ngir thong thudng nhu tidu chi sé 1 quan trong hon tiéu chi s6 2. Trong ndi dung
chuong nay, thuat toan AHP duoc ap dung dé tinh toan trong s cua céc tiéu chi dua trén
viéc tham khao y kién céc chuyén gia khi thé hién bang 1oi. Luu d6 thuc hién viéc phdi
hop nhiéu phuong phap dé xép hang va phan bd luong cong suat cit cac phu tai trinh bay
¢ Hinh 5.11.

Quy trinh cac budc thyc hién nhu sau:

Budc 1: Xac dinh sb lwong céc tiéu chi can théa man khi sa thai phu tai.

Budc 2: Tinh gié tri ciia mdi tiéu chi va thyc hién chuan héa dir liéu.

Budc 3: Ap dung thuit toan AHP dé tinh toan trong s quan trong cta mdi tiéu chi.

Budc 4: Tinh toan trong sb tong hop ciia timg phu tai. Gi4 tri nay dugc tinh toan bang
cach 14y trong sb quan trong ctia mdi tiéu chi nhan véi gia tri cia mdi tiéu chi da duoc
chuan hoéa.

Budc 5: Sép xép thir hang va phan bd bd luong cong suat sa thai phu tai tai cac nat

tai dua trén trong sb tong hop vira tinh toan.
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5.4.1 Tiéu chi 1: Hé s6 tAm quan trong ciia phu tai
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yéu cau phai théa man dong thoi nhicu ti€u chi nhu sau:

Hinh 5.11: Luu d thuc hién viéc phi hop nh,iéu phuong phap dé xép hang va phan bd lugng

Trong trudng hop nghién ciru ciia dé tai, xem xét so dd hé thong dién IEEE 37 nit 9

may phét, v6i truong hop mat may phat dién JO345#1. Viéc xép hang cac phu tai ny c6

Céc phu tai trong so d6 hé thong dién khao sat c6 cac hé sd tim quan trong ciia phy
tai duoc tinh toan va trinh bay két qua & Bang 5.4. Két qua bang nay duoc trich xuat tir két

qué tinh toan hé s6 tim quan trong cta phy tai dwa trén thuat todn Fuzzy AHP di trinh bay




Bang 5.4: Hé s6 tam quan trong ciia phu tai

Bus Hé s0 tam quan trong ( Wranp)
Bus 03 0,00012
Bus 05 0,00012
Bus 10 0,00164
Bus 12 0,00211
Bus 13 0,00388
Bus 14 0,00359
Bus 15 0,00236
Bus 16 0,00427
Bus 17 0,05642
Bus 18 0,18097
Bus 19 0,09891
Bus 20 0,19005
Bus 21 0,19508
Bus 24 0,00418
Bus 27 0,02274
Bus 30 0,01184
Bus 33 0,00337
Bus 34 0,02305
Bus 37 0,00339
Bus 44 0,03384
Bus 48 0,02334
Bus 50 0,01916
Bus 54 0,04441
Bus 55 0,04441
Bus 56 0,02675

5.4.2 Tiéu chi 2: PED

Muc dich 1a tip trung wu tién sa thai tai cac nut tai xung quanh hodc gan cic may phat
bi su cb ngimg hoat dong. PED giita 2 bus duoc tinh toan st dung quy trinh dé xudt trong
muc 5.2.1. PED ctia mi niit tai duoc chuan héa theo biéu thirc (5.15):

D, (i, ))
WDp(i,j) :25P— (5.15)

2.Dp. )

1

Trong do, W;  ;1a d nhay twong hd goc pha cta bus thtr i dén may phat bi su ¢d thir j sau

khi chuan hoa; D,(i, /) 1a PED tir bus tai thir i dén may phat bi sy c¢b tht j.

110



Két qua tinh toan PED ctia m&i nut tai sau khi dugc dugc chuan hoa trinh bay & Bang

5.5.
Bang 5.5: PED cua cac nut tai voi may phat JO345#1
Tén Bus tai PED sau khi chuan héa W,
Bus 03 0.02513
Bus 05 0.04674
Bus 10 0.02777
Bus 12 0.02349
Bus 13 0.05028
Bus 14 0.05678
Bus 15 0.02939
Bus 16 0.03326
Bus 17 0.04130
Bus 18 0.04621
Bus 19 0.04478
Bus 20 0.07391
Bus 21 0.04568
Bus 24 0.03590
Bus 27 0.03391
Bus 30 0.02304
Bus 33 0.04529
Bus 34 0.06960
Bus 37 0.05135
Bus 44 0.02674
Bus 48 0.03477
Bus 53 0.03011
Bus 54 0.02925
Bus 55 0.05462
Bus 56 0.02072

5.4.3 Tiéu chi 3: VED

VED giita 2 bus duoc tinh toan sir dung quy trinh dé xut trong muc 5.3.1 va két qua
tinh toan VED duoc trinh bay & Bang 5.6. VED cta mdi nit tai duoc chuan hoa theo biéu
thire (5.16):

— Dv (l9 ])
(i.j) — 25 o (5.16)
Z Dv (l9 ])
1

Trong do, W, (. ; 1a VED cua bus thu i dén may phat bi su c¢b sau khi dugc chuan hoéa;

W,

D, (i, /) 1a VED tir bus tai thir i dén may phaét bi su cé.
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Két qua tinh toan VED cta mdi nut tai sau khi duoc chuan héa trinh bay ¢ Bang 5.6.

Bang 5.6: VED sau khi duoc chuén hoa giira cac bus tai véi may phat JO345#1

Tén Bus tai VED sau khi dwge chuin héa 7, ; ;)
Bus 03 0,03331
Bus 05 0,03787
Bus 10 0,04906
Bus 12 0,03896
Bus 13 0,05354
Bus 14 0,03497
Bus 15 0,04081
Bus 16 0,04237
Bus 17 0,04810
Bus 18 0,04150
Bus 19 0,05092
Bus 20 0,03578
Bus 21 0,04818
Bus 24 0,03939
Bus 27 0,04271
Bus 30 0,02154
Bus 33 0,02817
Bus 34 0,03597
Bus 37 0,04266
Bus 44 0,02857
Bus 48 0,04515
Bus 53 0,04479
Bus 54 0,04148
Bus 55 0,05181
Bus 56 0,02238

Két qua tong hop hé sd tim quan trong cua phu tai, PED, VED sau khi chuan héa

trong qua trinh xem xét cac tiéu chi moi tai khi sa thai phu tai trinh bay & Bang 5.7.
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Bang 5.7: Gia tri cua cac khia canh/ti€u chi sau khi dugc chuén hoa

Tén | Hés6tam quan trong PED W, , VED W, ,

Bus tai Wranp ‘

Bus 03 0,00012 0,02513 0,03331
Bus 05 0,00012 0,04674 0,03787
Bus 10 0,00164 0,02777 0,04906
Bus 12 0,00211 0,02349 0,03896
Bus 13 0,00388 0,05028 0,05354
Bus 14 0,00359 0,05678 0,03497
Bus 15 0,00236 0,02939 0,04081
Bus 16 0,00427 0,03326 0,04237
Bus 17 0,05642 0,04130 0,04810
Bus 18 0,18097 0,04621 0,04150
Bus 19 0,09891 0,04478 0,05092
Bus 20 0,19005 0,07391 0,03578
Bus 21 0,19508 0,04568 0,04818
Bus 24 0,00418 0,03590 0,03939
Bus 27 0,02274 0,03391 0,04271
Bus 30 0,01184 0,02304 0,02154
Bus 33 0,00337 0,04529 0,02817
Bus 34 0,02305 0,06960 0,03597
Bus 37 0,00339 0,05135 0,04266
Bus 44 0,03384 0,02674 0,02857
Bus 48 0,02334 0,03477 0,04515
Bus 53 0,01916 0,03011 0,04479
Bus 54 0,04441 0,02925 0,04148
Bus 55 0,04441 0,05462 0,05181
Bus 56 0,02675 0,02072 0,02238

Tong 1,000 1,000 1,000

Bai toan sa thai phu tai & day c6 xét dén viéc phéi hop 3 tiéu chi nhu sau:

Tiéu chi 1: TAm quan trong cta phu tai

Tiéu chi 2: PED cua céc tai dén may phét bi sy ¢b
Tiéu chi 3: VED cua cac tai dén may phat bi su cb.
Trén thuc té thi cac tiéu chi nay khong thé c6 vai tro binh dang nhu nhau va s& co
trong s6 khac nhau: W=(W1,W2,W3) v61 Wi+W+W3=1 tuy thudc vao tinh hinh cu thé.

Viéc xac dinh cac trong s6 co thé tién hanh trén y kién cua cac chuyén gia khi so sainh mirc

do y nghia (quan tdm) cua céc ti€u chi: tiéu chi 1 dugc chi trong hon tiéu chi ;.
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Ap dung thuat toan AHP d trinh bay & myc 2.2.3 dé xdy dung ma tran phan doan thé
hién tAm quan trong cua cac tiéu chi véi nhau. Viéc xay dung ma tran phan doan dya trén
phuong phap ty 18 nhu sau: tiéu chi i quan trong hon nhiéu so véi tiéu chi j, tiéu chi i tuyét
dbi quan trong hon tiéu chi j, tiéu chi i quan trong hon chut it so voi tiéu chi j. Vi vy s&
cho phép mot su danh gia trong sé W cta cac khia canh chinh xac hon.

Tiéu chi 1 quan trong nhu tiéu chi j: my=1

Tiéu chi i khong quan trong bang tiéu chi j: mi=1/3

Tiéu chi i kém quan trong hon nhiéu so véi tiéu chi j: m;=1/5

Tiéu chi i r0 rang 1a kém quan trong so vai tiéu chi j: m;=1/7

Tiéu chi i tuyét d6i kém quan trong so véi tiéu chi j: mi=1/9

Cac truong hop so sanh nguoc lai: ti€u chi j so véi ti€u chi 1 s€ co6 gia tri nghich dao
turong Gmg voi cac tri néu trén. Két qua 13 s& co duoc mot ma trdn M véi cac thanh phan
tuong ing voi cac hang va ¢t 1a cac tiéu chi so sanh.

Néu ¥ kién cta cac chuyén gia 1a hoan hao va M dugc x4y hoan toan dang véi dé cap,

bang phuong phap khao sat tri riéng cta ma tran M sé& cho ra céc tri W:

MW=nW, W=(w1, wa, W3), n-tri riéng cia M (5.17)
Ap dung 1y thuyét trén va y kién ciia chuyén gia, xdy dung dugc ma tran M nhu sau:
1 3 2
M=|13 1 12
12 2 1

Ap dung céac budc tinh toan cua phuong phap 1dy cin sé nhu sau:
Buwéc 1: Nhén tit ca cic yéu td cia mdi hang trong ma trin phan doan
M, =1x3x2=6

1 1
M, =—x1x—=0,16667
3 2
1
M,=—x2x1=1
2

Bwéc 2: Tinh can bac n cua M;
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W, =M, =3/6=1,81712
W; =3M, =3/0,16667 =0,55032
w; =M, =1 =1
Thuyc hién xong bude 2 ¢6 dugc vector sau:
wWo=[W, W, W, ] =[1,81712;0,55032;1]
Bwéc 3: Chuan hoa vector W*

3
> W =1,81712+0,55032 +1=3,36744
j=l

*

woo WL L8712 e
Sy 336744
=i
. 2
W= e 09903265,
Sy 33674
= J
W, = L _0,2069

3 3 =
Z W 3,36744

~

=1

~

Vecto riéng ciia ma tran phan doan M thu duogc la:

W =[W,,W,,W,]" =[0,53962;0,16342;0,29696]

Nhu vay, c6 3 ti€u chi dé xem xét mot tai. Néu c6 tim quan trong cua cac ti€u chi la
khac nhau, v6i mdi tai ap dung 1y thuyét [89]: Tir cac gia tri trong sb cho tirng tiéu chi W;
clia ma tran W, tinh toan lai cac gia tri trong sb trong timg phu tai bang cach nhan phan
phéi vao, sau do cong cic trong s6 ctia cac khia canh lai theo tung bus tai s€ dugc trong sb
cudi cung, biéu thirc tinh nhu sau:

f (s pt,) =D WW, (5.18)
O day, 4 1a gia tri trong sb tong hop ctia mdi phu tai, W 1a cac gia tri trong s cla

ma trdn W, W, ;1a cac gia tri dai dién cho Weane Wy ;) Wy -

Két qua tinh toan trong s6 tong hop va phan hang phu tai dugc trinh bay ¢ Bang 5.8,

115



Bang 5.8: Trong sb tong hop va phin hang sa thai cua cac nut tai

Bus Trong s tam quan | Trong s6 PED | Trong so Trong s0 | Phan
trong ctia tai 4, | u VED | tonghop |hang sa
‘ ’ ’ M, thai

Bus 03 0,00006 0,00411 0,00989 0,01406 |1
Bus 05 0,00006 0,00764 0,01125 0,01895 |6
Bus 10 0,00088 0,00454 0,01457 0,01999 |8
Bus 12 0,00114 0,00384 0,01157 0,01655 |2
Bus 13 0,00209 0,00822 0,01590 0,02621 |13
Bus 14 0,00194 0,00928 0,01038 0,02160 | 10
Bus 15 0,00128 0,00480 0,01212 0,01820 |5
Bus 16 0,00230 0,00544 0,01258 0,02032 |9
Bus 17 0,03045 0,00675 0,01429 0,05148 | 21
Bus 18 0,09766 0,00755 0,01232 0,11753 |23
Bus 19 0,05337 0,00732 0,01512 0,07581 |22
Bus 20 0,10255 0,01208 0,01062 0,12526 |24
Bus 21 0,10527 0,00746 0,01431 0,12704 |25
Bus 24 0,00226 0,00587 0,01170 0,01982 |7
Bus 27 0,01227 0,00554 0,01268 0,03050 |15
Bus 30 0,00639 0,00376 0,00640 0,01655 |3
Bus 33 0,00182 0,00740 0,00837 0,01758 |4
Bus 34 0,01244 0,01137 0,01068 0,03450 |18
Bus 37 0,00183 0,00839 0,01267 0,02289 |11
Bus 44 0,01826 0,00437 0,00848 0,03112 | 16
Bus 48 0,01260 0,00568 0,01341 0,03169 | 17
Bus 50 0,01034 0,00492 0,01330 0,02856 | 14
Bus 54 0,02396 0,00478 0,01232 0,04106 |19
Bus 55 0,02396 0,00893 0,01538 0,04827 | 20
Bus 56 0,01444 0,00339 0,00665 0,02447 | 12

Nhu vy, dua vao trong sb tong hop & bang phan hang sa thai, lugng cong suit sa thai

tai cac bus s€ duogc tinh nhu sau:

O day,

H,
Py = _q'PLSmm
A;
B 1
ll’leq - i 1
i=1 ﬂAf
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Trong d6, Prs; 13 lwong cong sudt sa thai tai cac bus; U, la trong s6 twong duong cia
tAt ca cac nit tai, u - latrong s6 tong hop tai bus thir i; PLsmin 13 tong cong suit sa thai phy
tai toi thiu;

Tt biéu thire (5.19), tinh duoc bang cong suit sa thai tai cac bus nhu sau:

Bang 5.9: Luong cong suét sa thai tai cac bus khi mat may phat JO345#1

STT Bus Lwrgng cong suit sa thai (MW)
1 Bus 03 1,33759
2 Bus 05 0,99271
3 Bus 10 0,94090
4 Bus 12 1,13679
5 Bus 13 0,71773
6 Bus 14 0,87077
7 Bus 15 1,03365
8 Bus 16 0,92565
9 Bus 17 0,36537
10 Bus 18 0,16004
11 Bus 19 0,24810
12 Bus 20 0,15017
13 Bus 21 0,14806
14 Bus 24 0,94898
15 Bus 27 0,61677
16 Bus 30 1,13661
17 Bus 33 1,06978
18 Bus 34 0,54529
19 Bus 37 0,82173
20 Bus 44 0,60451
21 Bus 48 0,59364
22 Bus 50 0,65857
23 Bus 54 0,45812
24 Bus 55 0,38967
25 Bus 56 0,76880

Tong cong suit sa thai 17,64

Két qua so sanh tin sé cia phuong phap dé xuit va phuong phap UFLS duoc trinh
bay ¢ Hinh 5.12.
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Frequency (Hz)

53,2 X !

— — Phirong phap dé xuat ____ Phuong phap UFLS

4 6 8 10 12 1a 16 18 20 Time (Sec) 28 30 22 334 36 38 40 42 44 46 48 50

Hinh 5.12: T4n s6 sau khi sa thai phu tai ciia phuong phép dé xuit va phuong phép truyén thong
UFLS

Phuong phép sa thai phu tai UFLS c6 dap tGng tan s tot hon so v6i phuong phap sa
thai phu tai dé xuét. Tuy nhién, gia tri tan s6 phuc hoi cua phuong phap sa thai phy tai dé
Xuat vAn ndm trong gia tri cho phép.

Két qua so sanh do phuc hdi goc 1éch rotor may phat trude va sau khi thuc hién sa
thai, ciing nhu so sanh d6 phuc hdi goc 1éch rotor may phét ciia phuong phap dé xuat va

phuong phap UFLS duogc trinh bay ¢ Hinh 5.13 va Hinh 5.14.
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Goc 1éch rotor may phat trude
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Hinh 5.13: Goc léch rotor may phat trude va sau khi sa thai phu tai theo phuong phap dé xut
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Hinh 5.14: Goc léch rotor may phat sau khi sa thai phu tai theo phuong phap dé xuat va phuong
phép truyén thong UFLS
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Két qua so sanh céac gia tri cua 2 phuong phap sa thai phu tai dugc trinh bay trong

Bang 5.10.

Bang 5.10: Két qua so sanh 2 phuong phap sa thai

Thoi gian hoi phuc | Gia tri tan sb hoi Luong tong cong
(s) phuc (Hz) suat sa thai (MW)
Phuong phap duoi
n & UFLS 10 59,87 82,83
Phgong phap de 13 59.7 17,64
xuat

O day, dap tng tan sé cia phuong phap UFLS tot hon phuong phap dé xuat. Tuy
nhién, gia trj tAn s cua phuong phap dé xuat van trong pham vi cho phép va chip nhan
duoc (59,7Hz). Ngoai ra, phuong phap dé xuét c6 lwong cong suét sa thai phu tai it hon
(65,19MW) so voi phuong phap UFLS, qua d6 giam thiéu thiét hai gdy ra do mat dién rat
nhiéu, dong thoi thoa mén duge cac tiéu chi rang budc vé kinh té - k§ thuat: tAm quan trong
ctia phu tai (kinh té), hé sb theo d6 nhay twong hd goc pha, hé s6 theo VED. Bén canh do,
mic du gia trj tAn s phuc hdi ciia phuong phap dé xuat thap hon so v6i phuong phap UFLS
nhung khi xem xét goc pha phuc hdi thi thoi gian phuc hdi goc pha ciia phuong phap dé
xuit twong duong so voi phuong phap UFLS mic du luong cong suit sa thai it hon rat
nhiéu. Nguyén nhén 1a do sa thai lugng 16n tai tai cic nat tai gan voi may phat bi nging
hoat dong lam cho goc pha phuc hdi nhanh hon. Qua d6 chimg minh hiéu qua ciia phuong

phap dé xuét.

Nhan xét va két luan chwong 5

Chuong 5 trinh bay cac phuwong phap phan bd lugng céng suat sa thai phu tai tai cic
nit tai dua trén céc tiéu chi: PED, VED, va da muc tiéu. Mdi phuong phép c6 wu nhuge
diém khac nhau. Cac phwong phap nay c6 cung mot luong cong suit sa thai phu tai va
lugng cong suat sa thai ndy it hon so voi viée p dung phuong phép sa thai phu tai st dung
relay sa thai phu tai du6i tan sd. Néu ap dung phuwong phap phan bd sa thai dua trén PED
s& gitip thoi gian phuc hdi goc pha nhanh hon so véi cac phuong phap khac, tuong tu cho
truong hop ap dung phuong phap phan bd dua trén VED. Trong truong hop mudn két hop
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nhiéu tiéu chi thi 4p dung phuong phap phan b sa thai phu tai dya trén da muc tiéu gitp

thoa méin nhiéu tiéu chi kinh té k¥ thuat.
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Chuong 6
KET LUAN VA HUONG NGHIEN CUU

PHAT TRIEN CUA DE TAI

6.1 Cac két luan
Trén co sé muyc tiéu va nhiém vu nghién ctru, ludn dn da hoan thanh nhitng noi dung khoa
hoc sau:

- Phan tich va danh gia cac cong trinh nghién ctru sa thai phu tai trudc day. Qua do
thdy dugc cac van dé ton tai nham dé ra cac phuong phap cai tién sa thai phu tai trong hé
thong dién.

- Dé xuit phuong phap sa thai phy tai trong cac tinh hudng khan cip nhu: sy ¢b ngin
mach trén cac thanh gop va dudng day lién két hé thong dién trén co s xay dung hé thong
nhan dang nhanh c6/khéng sa thai phu tai va phan 16p chién lugc sa thai phu tai trén co s&
ap dung mang noron va thuat toan AHP. Cac két qua khao st va mo phong trén hé thong
dién chuén IEEE 39 bus 10 may phat cho théy viéc thuc hién chién lugc sa thai phu tai dé
Xuét giap hé¢ théng dién gilr duoc on dinh tan s6 sau su ¢ va cac nut tai duogc xép hang dya
trén hé sb tAm quan trong dugc tinh toan theo thuat toan AHP. So sanh vé&i phwong phap
sa thai phu tai truyén thong sir dung relay sa thai phu tai dudi tan sb, phuong phap nay co
lugng cong sudt sa thai phy tai it hon, tan sb cta hé théng dién phuc hoi vé gia tri cho phép
va gitr duoc trang thai 6n dinh va thdi gian phuc hoi tan sb nhanh hon.

- Nghién ctru va trinh bay phuong phép sa thai phu tai trén co sd xem xét hé s tam
quan trong cta phu tai. Phuong phép sa thai phu tai dé xuat ap dung thuat toan Fuzzy-AHP
dé xac dinh hé sd tim quan trong cta phu tai va thuc hién uvu tién sa thai phu tai c6 hé sb
tam quan trong nho trude. Qua d6 giup giam thiéu thiét hai vé kinh té gy ra khi cit dién.
Ngoai ra, viéc md hoa dd thi phu tai giup giam s6 chién luoc diéu khién khi thuc hién sa
thai phu tai. Cac két qua mo phong trén so d6 h¢ théng dién IEEE 37 bus 9 may phat cho
thdy céc truong hop tin s déu phuc hdi dén gia tri cho phép.
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- Pé xuat phuong phap tinh toan luong cong suit sa thai phu tai toi thiéu c6 xét dén
cac yéu tb diéu khién so cAp va diéu khién thir cip t6 may phat dién dé phuc hoi tan s vé
gi tri cho phép. Phuong phap dé xuat c6 luong cong suét sa thai it hon so v6i phuong phap
UFLS truyén thong khi thir nghiém trén so d6 hé théng IEEE 37 bus 9 may phat.

- Dé xuét phuong phap phan bd lwong cong suit sa thai phu tai tai cac nit tai dya trén
céc khai niém PED va VED. Cac két qua thir nghiém trén so do hé théng dién IEEE 37 bus
9 médy phat cho thiy thoi gian phuc hdi goc pha cling nhu dién 4p ctia phuong phap dé xuit
trong dwong so voi phuong phap UFLS truyén thong mic du luong cong suat sa thai it
hon.

- Pé xuat phuong phap sa thai phu tai trén co s xem xét nhiéu tiéu chi: hé sb tim
quan trong ctia phu tai, PED, VED. Viéc ap dung thuit toan AHP dé tinh toan trong sd cta
tirng tiéu chi va tinh toan trong sé téng hop khi két hop nhiéu muc tiéu. Céc két qua tinh
toan va mo phong cho thiy phuong phap sa thai phu tai dé xuat gitap phuc hdi tin sb vé gia
tri cho phép va c6 luong cong suét sa thai it hon so v6i phwong phap UFLS truyén thong,
qua d6 giam thiéu thiét hai gay ra do mat dién, dong thoi théa mén dugc cac tiéu chi rang

budc vé kinh té - k¥ thuét.

6.2 Hwéng nghién ciru phat trién cia dé tai

- Trong gidi han dé tai chi xem xét dén trudng hop phu tai ting déu nhau, chua xét dén
phu tai thay dbi lién tuc theo thoi gian. Huéng nghién ciru phat trién tiép theo nén xem xét
cac md hinh tai thay doi lién tuc theo thoi gian dé bai toan da dang hon.

- Viéc xem xét phu tai trong pham vi dé tai chua xét dén thanh phan phan trim cua phu
tai theo do tin cdy cung cp dién. Huéng nghién ctru phat trién nén xem xét thanh phan
ph?ln tram phu tai loai 1, phu tai loai 2, va phu tai loai 3.

- Viéc xem x¢t thiét hai trong giéi han cua dé tai chi xem xét thiét hai phia phu tai.
Huéng nghién ctru tiép theo cua dé tai nén xem xét dén tit ca cac chi phi: phat dién, huy
dong ngudn du phong, ciing nhu xét dén anh hudng cua céc thiét bj FACT.

- Xay dyng mang no-ron c6 kha nang tu hoc va ty cap nhat dir li¢u huin luyén dé dap

{mg su thay d6i khong nging cta hé thong dién.
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PHU LUC
PHU LUC 1: DANH SACH CAC BANG TINH TOAN (BANG 2.2 PEN BANG 2.8)

Béang 2.3: Ma tran phan doan cua céc trung tam tai LCi

LG LC, LG, LC; LCy
LCy 1/1 2/1 3/1 4/1
LC, 1/2 1/1 2/1 3/1
LGC; 1/3 1/2 1/1 2/1
LC4 1/4 1/3 1/2 1/1
Bang 2.4: Ma trn phan dodn cua céc tdi L trong trung tam tai LC,
L; L4 L7 Ls L1z L31 L3g
L4 1/1 2/1 1/1 9/1 9/1 1/2
L 1/2 1/1 1/2 8/1 8/1 1/5
Ls 1/1 2/1 1/1 9/1 9/1 1/2
L1z 1/9 1/8 1/9 1/1 1/1 1/9
L3 1/9 1/8 1/9 1/1 1/1 1/9
L3o 2/1 5/1 2/1 91 9/1 1/1
Bang 2.5: Ma trn phan dodn cua céc tai L trong trung tam tai LC»
L; Lis Lis L2o | 5} | X) L4
Lis 1/1 1/1 1/2 2/1 2/1 1/1
Lis 1/1 1/1 1/2 2/1 2/1 1/1
La2o 2/1 2/1 11 2/1 3/1 2/1
L21 1/2 1/2 172 /1 1/1 1/1
L23 1/2 1/2 1/3 /1 1/1 1/2
L4 1/1 1/1 1/2 1/1 2/1 1/1
Béang 2.6: Ma tran phan doan cua céc tai L; trong trung tdm tai LC;
L; L2 L2y Las L2
L6 1/1 1/2 1/2 1/2
L7 2/1 1/1 2/1 1/1
L2s 2/1 1/2 1/1 1/2
L9 2/1 1/1 2/1 1/1
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Béang 2.7: Ma tran phan doan cua céc tai L; trong trung tdm tai LCy

L; L3 Lis Las
Ls 1/1 2/1 2/1
Lis 1/2 1/1 1/2
Las 1/2 2/1 1/1
Béng 2.8: Gid tri Mici va W, ciia trung tim tai LC;
Mici 24,00 W, 2,21
Mrc2 3,00 W, 1,32
Mics 0,33 W, s 0,76
Mccs 0,04 W, 0,45
Béang 2.9: Gia tri My va WL*] cua cac tai trong trung tam tai LC,
MLy 81,00 W, 2,08
My; 3,20 W, 1,21
MLs 81,00 W, 2,08
ML12 0,00 W, 0,24
Misi 0,00 W, ., 0,24
ML39 1620,00 W, 5 3,43
Bang 2.10: Gia trj My va sz cua cac tai trong trung tdm tai LC»
MLis 2,00 W, 1,12
MLi6 2,00 W, 6 1,12
Mi20 48,00 W, 1,91
Mz 0,13 W, 0,71
ML2s 0,04 W, ., 0,59
Mi24 1,00 W,,, 1,00
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Bang 2.11: Gia tri My, va sz cua cac tai trong trung tam tai LC3

Mi26 0,13 W, 0,59
ML27 4,00 W, 1,41
Mg 0,50 W, 0,34
ML2o 4,00 W,, 1,41

Bang 2.12: Gia tri My, va sz cua cac tai trong trung tam tai LC4

M3 4,00 W, 1,59
Meis 0,25 Wi, 0,63
Mi2s 1,00 W; 1,00

Béng 2.13: Céc gid tri Wici cua cdc trung tdm tdi LC;

Wici 0,47
Wie2 0,28
Wics 0,16
Weics 0,10

Bang 2.14: Cac gia tri Wy, cua céc tai ¢ trung tam tai LC,

W4 0,22
Wi7 0,13
Wis 0,22
Wiz 0,03
Wis3i 0,03
Wiig 0,37

Béng 2.15: Céc gid tri Wy, cla cic tai ¢ trung tdm tdi LC»

Wiis 0,17
WLis 0,17
Wi20 0,30
Wi 0,11
Wiz 0,09
Wi24 0,16
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Bang 2.16: Cac gia tri Wy, cua cdc tai ¢ trung tam tai LC;

Wi 0,14
W27 0,33
Wias 0,20
Wi29 0,33
Bang 2.17: Cac gid tri Wy, cua céc tai ¢ trung tam tai LCy
Wis 0,49
Wiis 0,20
Wizs 0,31

Bang 2.18: Hé sb tam quan trong ciia ctia cic trung tAm tai va mdi phu tai

Hé s6 tam
Tai Trung tam tai Wi Wi quan trong
tong hop Wj;
L4 LC 0,224 0,467 0,10473
Ly LCy 0,131 0,467 0,06112
Ls LC, 0,224 0,467 0,10473
Li> LC, 0,025 0,467 0,01187
L3 LC 0,025 0,467 0,01187
L39 LC 0,370 0,467 0,17254
Lis LC, 0,174 0,278 0,04833
Lie LC, 0,174 0,278 0,04833
L2o LC, 0,296 0,278 0,08208
Lo LC, 0,110 0,278 0,03045
Los LC, 0,091 0,278 0,02535
L4 LC, 0,155 0,278 0,04306
L6 LCs 0,140 0,160 0,02235
Loy LCs 0,330 0,160 0,05316
Losg LCs 0,200 0,160 0,03161
L29 LCs 0,330 0,160 0,05316
Ls LC4 0,493 0,100 0,04702
Lig LC4 0,196 0,100 0,01866
Los LC4 0,311 0,100 0,02962
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Bang 2.19: Th tu sa thai phu tai theo thudt toan AHP

STT H¢é s0 tam
sa thai Tai Trung tim tai Wai Wi quan trong
tai tong hop Wi
1 Ls1 LCi 0,025 0,467 0,01187
2 Li2 LC, 0,025 0,467 0,01187
3 Lisg LC4 0,196 0,10 0,01866
4 La6 LCs 0,14 0,16 0,02235
5 Lo3 LCy 0,091 0,278 0,02535
6 Las LCq4 0,311 0,10 0,02962
7 Lo LCy 0,11 0,278 0,03045
8 Losg LCs 0,20 0,16 0,03161
9 L4 LC, 0,155 0,278 0,04306
10 Ls LC4 0,493 0,10 0,04702
11 Lis LC, 0,174 0,278 0,04833
12 Lis LCy 0,174 0,278 0,04833
13 L29 LCs 0,33 0,16 0,05316
14 Loy LGCs 0,33 0,16 0,05316
15 L7 LCi 0,131 0,467 0,06112
16 L2o LC, 0,296 0,278 0,08208
17 Ls LC, 0,224 0,467 0,10473
18 L4 LCi 0,224 0,467 0,10473
19 L39 LC, 0,37 0,467 0,17254
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PHU LUC 2: THONG SO HE THONG IEEE 37BUS

Bang PL 2.1: Thong s6 mo hinh may phat dién dong bo GENCLS

Cong
STT | May phat Loai ;‘l‘lfltl H| D |Ra|Xd|Xq|Xdpp| Xl
muc
I | WEBER69 | GENROU| 40 |3 | 0| 0 |21]| 05 | 0.18 |0.15
2 JO345 |GENROU| 180 |10]| 0 | 0 |2.1| 0.5 | 0.18 |0.15
3 JO345 |GENROU| 180 |10]| 0 | 0 |2.1| 0.5 | 0.18 | 0.15
4 | BOB69 |GENROU| 57 | 3| 0] 0 |21]05 | 0.18 |0.15
5 | ROGER69 |GENROU| 85 |3 |0 | 0 |21]05] 018 |0.15
6 | BLTI38 |GENROU| 150 |3 |0 | 0 |21] 05 ] 018 |0.15
7 BLT69 |GENROU| 115 |3 ] 0] 0 |21] 05 |0.18]0.15
8 | SLACK345| GENSAL | 250 |12/ 0] 0 [21]018] 015 7
9 | LAUF69 | GENSAL| 160 |4 |0 ] 0 [21]018] 015 7

Bang PL 2.2: Thong s thiét bi didu chinh tan s6
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Bus

May phat Loai R T1 Vmax Vmin T2 T3 Dt
44 LAUF69 TGOV1 0.05 0.5 1 0 3 10 0
48 BOB69 TGOVI 0.05 0.5 1 0 3 10 0
53 BLT138 TGOV1 0.05 0.5 1 0 3 10 0
54 BLT69 TGOV1 0.05 0.5 1 0 3 10 0
Bus May phat Loai K T1 T2 T3 Uo Uc Pmax Pmin T4 K1
31 SLACK345 IEEEG1 25 0 0 0.1 1 -10 1 0 0 1
Bus May Loai Rperm | Rtemp | Tr| Tf | Tg | Velm | Gmax | Gmin | Tw | At | Dturb | Qnl | Ttur | Hdam | Tblade
phat i
28 JO345 | HYGOV 0.04 0.3 51005105 0.2 1 0 1 |12 05 |0.05] 05 100
28 JO345 | HYGOV 0.04 0.3 51005105 0.2 1 0 1 |12 05 |0.05] 05 100
Bus May phat Loai R | T1 | T2 | T3 | Lmax | Kt | Vmax | Vmin | Fidle | Rmax | Linc | Tltr | Ltrat Gv2 Pgv2
14 WEBER69 | GAST GE | 0.05]04 |05 3 1 3 1.5 0 0.2 1 0.05| 5 |0.005 1.3 1.3
50 ROGER69 | GAST GE [ 0050405 | 3 1 3 1.5 0 0.2 1 0.05| 5 |0.005 1.3 1.3
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Bang PL 2.3: Thong s thiét bi diéu khién kich tir

Bus | Tr | Ka| Ta | Virm | Vrmi | Ke Te Kf Tf Switc | E1 | SE1 E2 SE2 | Spdmlt
ax n h
14 0 |50 | 0.04 1 -1 -0.06 | 0.6 | 0.09 | 1.46 0 2.8 | 0.04 | 373 |0.33 0
48 0 |50 | 0.04 1 -1 -0.06 | 0.6 | 0.09 | 1.46 0 2.8 | 0.04 | 373 |0.33 0
53 0 | 50 | 0.04 1 -1 -0.06 | 0.6 | 0.09 | 1.46 0 28 | 0.04 | 3.73 |0.33 0
54 0 [ 50| 0.03 1 -1 -0.06 | 0.6 | 0.09 1.46 0 28 1 0.04 | 3.73 |0.33 0
5
Bus | Tr | Kp | Ki Ta | Vim | Vrmi | Kp | Kim | VmMa | VmM | Kg | Kp | Theta | Ki Kc Xl VbM
r ax n m X n PDeg ax
50 0 |3.1]3.15 ] 0.03 1 -0.87 1 0 1 -0.87 0 6.5 0 0 0.08 0 8
5 5
Bus | Tr | Vi | Vimin | Tc Tb Ka Ta | Vimax | Vimin Ke Kf | Tf Tcl | Tbl | VaMax | VaMi | Xe Ir | KI
Max n r
28 0 (0.1 -0.1 1 10 200 | 0.02 5 -5 0.05 0 1 1 1 5 -5 0.04 | 2.8 5
28 0 [0.1] -0.1 1 10 200 | 0.02 5 -5 0.05 0 1 1 1 5 -5 0.04 | 2.8 5
31 0 [0.1] -0.1 1 10 200 | 0.02 5 -5 0.05 0 1 1 1 5 -5 0.04 | 2.8 5
Bus | Tr | Ka| Ta Tb Tc | Vrma | Vim | Ke Te Kf | Tfl | Tf2 El SE1 E2 SE2
X in
44 0 [40 | 0.1 0 0 1 -1 0.1 0.5 0.05 | 0.7 0 2.8 |0.08 3.7 0.33
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Bang PL 2.4: Cong suét dinh mirc, cong suat Pmax, Pmin may phat, dién ap dau cuc mdy

hat, cong suat dinh murc tai

Bus Type Voltage Load Generator
[pu] MW MVar MW MVar Min Max | Unit No.
MW | MW

1 PQ 1.02328

3 PQ 0.99853 14.77 6

5 PQ 1.00497 16.81 3.84

10 PQ 1.02291 20.17 3

12 PQ 1.0206 27.49 7.8

13 PQ 1.00206 27.61 8.4

14 PQ 1.01013 26.65 18.25 31.5 5 10 35
15 PQ 1.00177 69.87 | 43.58

16 PQ 0.99785 69.39 48.5

17 PQ 1.01003 39.38 15.49

18 PQ 1.00112 54.02 14.41

19 PQ 1.01034 21.97 6
20 PQ 1.00619 18.37 6
21 PQ 0.99212 89.32 | 32.17
24 PQ 0.99973 43.58 12.49
27 PQ 1.0007 24.01 7.2
28 PV 1.03 270 3.07 0 150
29 PQ 1.02314
30 PQ 1.00566 28.09 7.44
31 Slack 1.03 187.28 | 75.18 0 220
32 PQ 1.00818
33 PQ 1.00425 33.61 7.2
34 PQ 1.0035 27.29 3.6
35 PQ 1.02302
37 PQ 0.99944 3241 3.6
38 PQ 1.02359
39 PQ 1.0106
40 PQ 0.99873
41 PQ 1.00258
44 PV 1.02001 71.79 | 14.77 135 12.79 0 150
47 PQ 0.98991
48 PQ 1.00719 66.99 15.01 46 -14 16 52
50 PV 1.02001 72 -3.13 38 80
53 PQ 0.99305 7143 | 33.37 126 45 22 140
54 PQ 1.00544 14.92 6.88 99 60 15 110
55 PQ 0.99515 27.19 7.38
56 PQ 1.02146 16.81 444
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Bang PL 2.5: Thong s6 dién tro Rr, dién khang Xt va thong s6 cai dat dau phan ap trén cac
may bién ap

Line Data Transformer Tap
From Bus To Bus Rt Xt Magnitude Angle

54 53 0.00134 0.04988 1 0
48 47 0.00101 0.03925 1.05 0
44 41 0.00244 0.06829 1.02125 0
44 41 0.0025 0.07144 1.02125 0
39 38 0.00095 0.05116 1 0
39 38 0.00094 0.05107 1 0
35 31 0.00087 0.051 1 0
33 32 0.0025 0.0723 1 0
28 29 0.00087 0.051 1 0
28 29 0.00087 0.051 1 0
12 40 0.00107 0.04039 1.03125 0
12 40 0.00107 0.04039 1.03125 0
10 39 0.00106 0.03949 1.01875 0

1 40 0.001 0.0623 1 0
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Bang PL 2.6: Thong s dién tro, dién khang va dung dan duong day

From To Branch
Bus Bus Device Type R X B
18 37 Line 0.01017 0.00559 0.0253
35 39 Line 0.01028 0.07253 0.0176
20 48 Line 0.02133 0.0521 0.0009
18 37 Line 0.01017 0.00559 0.0253
17 19 Line 0.02703 0.03613 0.002
35 56 Line 0.01243 0.07847 0.0192
1 31 Line 0.00117 0.017 0.182
54 55 Line 0.06246 0.08246 0.0003
48 54 Line 0.01473 0.036 0.0744
47 53 Line 0.00204 0.00692 0.1601
3 40 Line 0.0048 0.0368 0.0182
39 40 Line 0.01161 0.08085 0.0225
16 27 Line 0.00366 0.01312 0.046
13 55 Line 0.02216 0.0904 0.0017
10 19 Line 0.0405 0.0953 0.0021
3 41 Line 0.00902 0.0571 0.0135
15 16 Line 0.00753 0.02582 0.0206
15 24 Line 0.01835 0.02845 0.0221
12 17 Line 0.02172 0.06935 0.0019
5 18 Line 0.03133 0.07675 0.0015
15 54 Line 0.00859 0.00472 0.0214
12 18 Line 0.02747 0.08909 0.0019
12 27 Line 0.0142 0.07557 0.0695
5 44 Line 0.03463 0.08253 0.0016
39 47 Line 0.00775 0.05244 0.0154
20 34 Line 0.02423 0.05862 0.0011
10 13 Line 0.03375 0.0789 0.0012
20 50 Line 0.0424 0.07509 0.0008
21 48 Line 0.01824 0.04236 0.0075
21 48 Line 0.01829 0.04246 0.0078
24 44 Line 0.03993 0.09965 0.002
14 34 Line 0.02625 0.06429 0.0012
14 44 Line 0.04211 0.08545 0.0474
31 28 Line 0.00224 0.03268 0.35
32 29 Line 0.0103 0.05681 0.0164
29 41 Line 0.01868 0.1259 0.0356
56 29 Line 0.00771 0.0544 0.0138
30 32 Line 0.00225 0.0134 0.004
30 41 Line 0.00735 0.04395 0.0123
15 54 Line 0.00846 0.00465 0.021
31 38 Line 0.00075 0.01092 0.117
15 54 Line 0.00855 0.0047 0.0213
33 50 Line 0.0502 0.101 0.0025
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54 53 Transformer 0.00134 0.04988 -0.0004
12 40 Transformer 0.00107 0.04039 -0.0042
44 41 Transformer 0.00244 0.06829 -0.006
12 40 Transformer 0.00107 0.04039 -0.0042
44 41 Transformer 0.0025 0.07144 -0.0045
39 38 Transformer 0.00095 0.05116 -0.0124
39 38 Transformer 0.00094 0.05107 -0.0127
33 32 Transformer 0.0025 0.0723 0
48 47 Transformer 0.00101 0.03925 -0.0035
35 31 Transformer 0.00087 0.051 0

10 39 Transformer 0.00106 0.03949 -0.0041
28 29 Transformer 0.00087 0.051 0
28 29 Transformer 0.00087 0.051 0

1 40 Transformer 0.001 0.0623 0
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PHU LUC 3: Théng s6 hé thng dién 39 bus 10 may phat

Bang PL 3.1: Thong s6 mé hinh may phdt dién dong b6 GENPWTwoAxis

Unit No. R, X4 Xgq Xq Xq Téo Tqo
1 500.0 0 0.006 | 0.008 0.02 0.019 7.0 0.7
2 30.3 0 0.0697 | 0.170 | 0.0295 | 0.282 6.56 1.5
3 35.8 0 0.0531 | 0.0876 | 0.2495 | 0.237 5.7 1.5
4 28.6 0 0.0436 | 0.166 | 0.262 | 0.258 5.69 1.5
5 26.0 0 0.132 | 0.166 0.67 0.62 54 0.44
6 34.8 0 0.05 | 0.0814 | 0.254 | 0.241 7.3 0.4
7 26.4 0 0.049 | 0.186 | 0.295 | 0.292 5.66 1.5
8 24.3 0 0.057 | 0.0911 | 0.290 | 0.280 6.7 0.41
9 34.5 0 0.057 | 0.0587 | 0.2106 | 0.205 4.79 1.96
10 42.0 0 0.031 0.008 0.1 0.069 10.2 0.0
Bang PL 3.2: Thong so thiét bi diéu khién kich tir IEEE]
Bus T, | Ky Ta | Vimax Vimiy Ke Te K¢ T¢ E; SE(El E, SE(EZ
39 10| 5 0.0 1 -1 - 0.25 | 0.04 1 0.7 | 0.08 | 1. | 0.26
6 0.0485 5 1
38 10621 0.0 1 -1 | -0.633 | 0.405| 0.057 | 0.5 | 0.7 | 0.66 | 1. | 0.88
5 5 1
37.00 | 5 ]10.0 1 -1 - 0.5 0.08 1 0.7 ] 0.13 | 1. | 0.34
6 0.0198 5 1
36 | 0| 5 |00 1 -1 |-0.525| 05 0.08 1 0.7 | 0.08 | 1. |0.314
6 5 1
35 1 0] 40 | 0.0 | 10 | -10 1 0.785| 0.03 1 0.7 ] 067 | 1. | 091
2 5 1
34 10| 5 | 0.0 1 -1 - 0.471 ] 0.0754 | 1.246 | 0.7 | 0.064 | 1. | 0.251
2 0.0419 5 1
33 | 0| 40 | 0.0 | 6.5 |-6.5 1 0.73 0.03 1 0.7 1053 | 1.| 0.74
2 5 1
3210 5 |0.0 1 -1 | -0.047 | 0.528 | 0.0845 | 1.26 | 0.7 | 0.072 | 1. | 0.282
2 5 1
31 | 0| 40 | 0.0 | 10. - 1 1.4 0.03 1 0.7 1 062 | 1. | 0.85
2 5 10. 5 1
5
30 | 0| 40 | 0.0 | 10 | -10 1 0.785| 0.03 1 0.7 ] 067 | 1. | 091
2 5 1
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Bang PL 3.3: Thong so thiét bi diéu chinh tan s6 TGOV

Bus R T; Vinax Vinin T, T Dy
30 0.05 0.4 1 0 1.5 5 0
31 0.05 0.4 1 -0.05 1.5 5 0
32 0.05 0.4 1 -0.05 1.5 5 0
33 0.05 0.4 1 -0.05 1.5 5 0
34 0.05 0.4 1 -0.05 1.5 5 0
35 0.05 0.4 1 -0.05 1.5 5 0
36 0.05 0.4 1 -0.05 1.5 5 0
37 0.05 0.4 1 -0.05 1.5 5 0
38 0.05 0.4 1.2 -0.05 1.5 5 0
39 0.1 0.8 1.5 -0.05 1.5 5 0

Bang PL 3.4: Cong sudt dinh mire, cong sudt Pmax, Pmin mdy phdt, dién dp dau
cyuc mdy phat, cong suat dinh mirc tai

Voltag Load Generator
Bus | Type e Min Max Unit
[pu] MW | MVar MW MVar MW MW No.
1 PQ - 0.00 0.00 0.00 | 0.00
2 PQ - 0.00 0.00 0.00 | 0.00
3 PQ - 3220 240 0.00| 0.00
0
4 PQ - 500.0 | 184.0 0.00| 0.00
0 0
5 PQ - 0.00 0.00 0.00| 0.00
6 PQ - 0.00 0.00 0.00| 0.00
7 PQ - 233.8 | 84.00 0.00| 0.00
0
8 PQ - 522.0 | 176.0 0.00| 0.00
0 0
9 PQ - 0.00 0.00 0.00| 0.00
10 | PQ - 0.00 0.00 0.00 | 0.00
11 | PQ - 0.00 0.00 0.00 | 0.00
12 | PQ - 7.50 | 88.00 0.00 | 0.00
13 | PQ - 0.00 0.00 0.00| 0.00
14 | PQ - 0.00 0.00 0.00 | 0.00
15 | PQ - 320.0 | 153.0 0.00| 0.00
0 0
16 | PQ - 329.0 | 32.30 0.00| 0.00
0
17 | PQ - 0.00 0.00 0.00| 0.00
18 | PQ - 158.0 | 30.00 0.00| 0.00
0
19 | PQ - 0.00 0.00 0.00| 0.00
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20 | PQ - 628.0 | 103.0 0.00| 0.00
0 0
21 | PQ - 274.0 | 115.0 0.00| 0.00
0 0
22 | PQ - 0.00 0.00 0.00] 0.00
23 | PQ - 247.5 | 84.60 0.00| 0.00
0
24 | PQ - 308.6 | -92.00 0.00 | 0.00
0
25 | PQ - 224.0 | 47.20 0.00| 0.00
0
26 | PQ - 139.0 | 17.00 0.00| 0.00
0
27 | PQ - 281.0 | 75.50 0.00| 0.00
0
28 | PQ - 206.0 | 27.60 0.00| 0.00
0
29 | PQ 283.5 | 26.90 0.00| 0.00
0
30 | PV | 1.0475 0.00 0.00 | 250.00 - 0.00 | 350.00 | GenlO
31 | PV | 0.9820 9.20 4.60 - - 0.00 | 1150.0 | Gen2
0
32 | PV | 0.9831 0.00 0.00 | 650.00 - 0.00 | 750.00 | Gen3
33 | PV | 0.9972 0.00 0.00 | 632.00 - 0.00 | 732.00 | Gen4
34 | PV | 1.0123 0.00 0.00 | 508.00 - 0.00 | 608.00 | Gen5
35 | PV | 1.0493 0.00 0.00 | 650.00 - 0.00 | 750.00 | Gen6
36 | PV | 1.0635 0.00 0.00 | 560.00 - 0.00 | 660.00 | Gen7
37 | PV | 1.0278 0.00 0.00 | 540.00 - 0.00 | 640.00 | Gen8
38 | PV | 1.0265 0.00 0.00 | 830.00 - 0.00 | 930.00 | Gen9
39 | PV | 1.0300 | 1104.| 250.0 | 1000.0 - 0.00 | 1100.0 | Genl
0 0 0
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Bang PL 3.5: Thong sé dién tré RT, dién khdng XT va thong sé cai ddt dau phan
ap trén cdac may bien ap

Line Data Transformer Tap
From Bus To Bus Rt Xt Magnitude Angle
12 11 0.0016 0.0435 1.0060 0.0000
12 13 0.0016 0.0435 1.0060 0.0000
6 31 0.0000 0.0250 1.0700 0.0000
10 32 0.0000 0.0200 1.0700 0.0000
19 33 0.0007 0.0142 1.0700 0.0000
20 34 0.0009 0.0180 1.0090 0.0000
22 35 0.0000 0.0143 1.0250 0.0000
23 36 0.0005 0.0272 1.0000 0.0000
25 37 0.0006 0.0232 1.0250 0.0000
2 30 0.0000 0.0181 1.0250 0.0000
29 38 0.0008 0.0156 1.0250 0.0000
19 20 0.0007 0.0138 1.0600 0.0000

Bang PL 3.6: Thong sé dién tré, dién khding va dung dan dwong day

From To Branch
Bus Bus Device Type R X B
1 2 Line 0.0035 0.0411 0.6987
1 39 Line 0.0010 0.0250 0.7500
2 3 Line 0.0013 0.0151 0.2572
2 25 Line 0.0070 0.0086 0.1460
2 30 Transformer 0.0000 0.0181 0.0000
3 18 Line 0.0011 0.0133 0.2138
3 4 Line 0.0013 0.0213 0.2214
4 14 Line 0.0008 0.0129 0.1382
4 5 Line 0.0008 0.0128 0.1342
5 8 Line 0.0008 0.0112 0.1476
5 6 Line 0.0002 0.0026 0.0434
6 11 Line 0.0007 0.0082 0.1389
6 7 Line 0.0006 0.0092 0.1130
7 8 Line 0.0004 0.0046 0.0780
8 9 Line 0.0023 0.0363 0.3804
9 39 Line 0.0010 0.0250 1.2000
10 32 Transformer 0.0000 0.0200 0.0000
10 13 Line 0.0004 0.0043 0.0729
10 11 Line 0.0004 0.0043 0.0729
12 13 Transformer 0.0016 0.0435 0.0000
12 11 Transformer 0.0016 0.0435 0.0000
13 14 Line 0.0009 0.0101 0.1723
14 15 Line 0.0018 0.0217 0.3660
15 16 Line 0.0009 0.0094 0.1710
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16 24 Line 0.0003 0.0059 0.0680
16 21 Line 0.0008 0.0135 0.2548
16 19 Line 0.0016 0.0195 0.3040
16 17 Line 0.0007 0.0089 0.1342
17 27 Line 0.0013 0.0173 0.3216
17 18 Line 0.0007 0.0082 0.1319
19 33 Transformer 0.0007 0.0142 0.0000
19 20 Transformer 0.0007 0.0138 0.0000
20 34 Transformer 0.0009 0.0180 0.0000
21 22 Line 0.0008 0.0140 0.2565
22 35 Transformer 0.0000 0.0143 0.0000
22 23 Line 0.0006 0.0096 0.1846
23 36 Transformer 0.0005 0.0272 0.0000
23 24 Line 0.0022 0.0350 0.3610
25 37 Transformer 0.0006 0.0232 0.0000
25 26 Line 0.0032 0.0323 0.5130
26 29 Line 0.0057 0.0625 1.0290
26 28 Line 0.0043 0.0474 0.7802
26 27 Line 0.0014 0.0147 0.2396
28 29 Line 0.0014 0.0151 0.2490
29 38 Transformer 0.0008 0.0156 0.0000
31 6 Transformer 0.0000 0.0250 0.0000
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PHU LUC 4: Code chwong trinh

Phu luc 4.1: Chuong trinh huan luyén két hop so sanh neural bang phuong phap lan

truyén nguoc 4 thuit toan voi mang hdi qui.

Yo========== Xoa cac du lieu cu va load du

cle,clear;

CP=0;

while max(CP) <90

cle,clear;

load Tonghop dulieu Nghia 1;

% Tron du

lai

lieu

M =dulieu;

r = randperm(size(M, 1)); % permute row numbers
Mout = M(r,:);

X = (Mout(:,1:104));

Y = (Mout(:,105:109));

%

[n, m] = size(X);
n_test=floor(0.15%n); % 15% test
n_train=n - n_test; % 85% train
j=0;

% train nhieu so bien khac nhau

for 1=10:10:104
X1=[]X2=[];
train X2=[|;
test X2=1[1;
train Y2=[|;
test Y2=1[1;
C=0;D=0;
X1 =X(,1:1);
X2=zscore(X1); %chuan hoa

% tach du lieu ngd vao, ra thanh phan test va train

train X2 = transpose(X2(1:n_train,:)); % ng0 vao train
test X2 = transpose(X2((n_train+1):n,:)); % ngd vao test
train_ Y2 = transpose(Y(1:n_train,:)); % ngo ra train

test Y2 = transpose(Y((n_train+1):n,:)); % ngd ra test
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% huan luyen GRNN voi he so speard 0.1
grnn = newgrnn(train_ X2, train_ Y2, 0.1);

% lay du dieu ngo ra ung voi du lieu ngo vao phan train va test su dung ham

% grnn vua moi huan luyen

test K =round( sim(grnn, train X2));

test P =round( sim(grnn, test X2));
ifj==0
% TINH DO CHINH XAC TEST
for k=1:1:n_test
if (test_Y2(1,k)==test P(1,k))
(test Y2(3,k)==test P(3.k))&
(test Y2(5.k)==test P(5.k))

C=C+1;
end;
end;
CP =(C*100)/n_test;

% TINH DO CHINH XAC TRAIN
for k=1:1:n_train

if (train_Y2(1,k)==test K(1,k))
(train_Y2(3.,k)==test K(3,k))&
(train_Y2(5.k)==test K(5.k))

D=D+1;
end;
end;
CK = (D*100)/n_train;
else

% TINH DO CHINH XAC TEST

for k=1:1:n_test

if (test_Y2(1,k)==test P(1,k))

(test Y2(3,k)==test P(3.k))&

(test Y2(5,k)==test P(5.,k))
C=C+1;

end;

end;

CP1 =(C*100)/n_test;

% TINH DO CHINH XAC TRAIN

for k=1:1:n_train

if (train_Y2(1,k)==test K(1,k))

(train_Y2(3,k)==test K(3.,k))&

(train_Y2(5.k)==test K(5.k))
D=D+1;
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&

&

&

&

(test Y2(2,k)==test P(2,k))&
(test Y2(4.k)==test P(4.k))&

(train_Y2(2,k)==test K(2.,k))&
(train_Y2(4.,k)==test K(4.k))&

(test_ Y2(2,k)==test P(2,k))&
(test Y2(4,k)==test P(4,k))&

(train_Y2(2,k)==test K(2.,k))&
(train_Y2(4.,k)==test K(4.k))&



end;
end;
CK1 = (D*100)/n_train;

CP =[CP,CP1]; % tong hop do chinh xac testing cac bien khac nhau
CK = [CK,CK1]; % tong hop do chinh xac trainning cac bien khac nhau
end;

=it L
end;
end;

% ve do thi kiem tra do chinh xac ung voi nhieu muc bien khac nhau
z=10:10:m;

% do thi test

plot(z, CP, '-or");

hold on

% do thi train

plot(z, CK, '-"');

%

% INITTALIZE THE NEURAL NETWORK PROBLEM
%
cle,clear

load("Tonghop dulieu Nghia 1";
% inputs for the neural net

% targets for the neural net

% Tron du lieu
M =dulieu;

r = randperm(size(M, 1)); % permute row numbers

Mout = M(r,:);

X = (Mout(:,1:104));
Y = (Mout(:,105:109));
%

[n, m] = size(X);
n_test=floor(0.15%n); % 15% test
n_train=n - n_test; % 85% train
=0
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% train nhieu so bien khac nhau
%

for 1= 10:10:m
for nh=8
X1=[]X2=[];
train X2=1[1;
test X2=1[|;
train Y2=[;
test Y2=1[|;
C=0;D=0;
X1 =X(,1:1);
X2=zscore(X1); %code chuan hoa

% tach du lieu ngd vao, ra thanh phan test va train

train_X2 = transpose(X2(1:n_train,:)); % ngd vao train
test X2 = transpose(X2((n_train+1):n,:)); % ngd vao test
train_Y2 = transpose(Y(1:n_train,:)); % ngo ra train

test Y2 = transpose(Y((n_train+1):n,:)); % ngo ra test
% huan luyen BPNN voi he so speard 0.1
bpnn=newff(train X2,train_Y2,[nh],{'tansig','purelin'},'trainlm");
[bpnn,tr] = train(bpnn,train_X2,train_Y2);
% lay du dieu ngo ra ung voi du lieu ngo vao phan train va test su dung ham
% grnn vua moi huan luyen
test K =round( sim(bpnn, train_X2));
test P =round( sim(bpnn, test X2));
ifj==0
% TINH DO CHINH XAC TEST
for k=1:1:n_test

if (test Y2(1,k)==test P(1,k)) & (test Y2(2,k)==test P(2,k))&
(test_ Y2(3.,k)==test P(3.k))& (test_Y2(4,k)==test P(4,k))&
(test_ Y2(5.k)==test P(5,k))

C=C+1;
end;
end;

CP_1=(C*100)/n_test;

% TINH DO CHINH XAC TRAIN
for k=1:1:n_train

if (train_Y2(1,k)==test K(1,k)) & (train_Y2(2,k)==test K(2.,k))&
(train_Y2(3.k)==test K(3.k))& (train_Y2(4.,k)==test K(4.k))&
(train_Y2(5,k)==test K(5,k))

D=D+1;
end;
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end;
CK 1= (D*100)/n_train;
else
% TINH DO CHINH XAC TEST
for k=1:1:n_test

if (test_Y2(1,k)==test P(1,k)) & (test Y2(2,k)==test P(2,k))&
(test Y2(3.k)==test P(3,k))& (test Y2(4.k)==test P(4.k))&
(test Y2(5,k)==test_P(5.,k))

C=C+1;
end;
end;

CP1_1=(C*100)/n_test;

% TINH DO CHINH XAC TRAIN
for k=1:1:n_train
if (train_Y2(1,k)==test K(1,k)) & (train_Y2(2,k)==test K(2.,k))&
(train_Y2(3.k)==test K(3.k))& (train_Y2(4.k)==test K(4.k))&
(train_Y2(5.k)==test K(5.k))
D=D+1;

end;
end;

CK1 _1=(D*100)/n_train;

CP_1=[CP_1,CP1 _1]; % tong hop do chinh xac testing cac bien khac nhau
CK 1=[CK 1,CK1 _1]; % tong hop do chinh xac trainning cac bien khac nhau
end;
j=itL
end;
end;
% ve do thi kiem tra do chinh xac ung voi nhieu muc bien khac nhau
z=10:10:m;
% do thi test
plot(z, CP_1, "-ok’);
hold on
% do thi train
plot(z, CK 1, '-"k");
%

% INITIALIZE THE NEURAL NETWORK PROBLEM
%
cle,clear
load("Tonghop dulieu Nghia 1");
% inputs for the neural net
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% targets for the neural net
% Tron du

licu

M =dulieu;

r = randperm(size(M, 1)); % permute row numbers
Mout = M(r,:);

X = (Mout(:,1:104));

Y = (Mout(:,105:109));

%

[n, m] = size(X);
n_test=floor(0.15*n); % 15% test
n_train=n - n_test; % 85% train
j=0;

% train nhieu so bien khac nhau

%

for I=10:10:m
for nh=8
X1=[]X2=[];
train X2=[|;
test X2=1[|;
train Y2=[];
test Y2=1[|;
C=0;D=0;
X1 =X(,1:1);
X2=zscore(X1); %chuan hoa

% tach du lieu ngd vao, ra thanh phan test va train
train_X2 = transpose(X2(1:n_train,:)); % ngd vao train
test X2 = transpose(X2((n_train+1):n,:)); % ngd vao test
train_Y2 = transpose(Y(1:n_train,:)); % ngo ra train
test Y2 = transpose(Y((n_train+1):n,:)); % ngo ra test
% huan luyen BPNN voi he so speard 0.1
bpnn=newff(train_X2,train_Y2,[nh],{'tansig','purelin'},'trainbr");
[bpnn,tr] = train(bpnn,train_X2,train_Y2);
% lay du dieu ngo ra ung voi du lieu ngo vao phan train va test su dung ham
% grnn vua moi huan luyen

test K =round( sim(bpnn, train_X2));

test P =round( sim(bpnn, test X2));
ifj==0
% TINH DO CHINH XAC TEST
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for k=1:1:n_test
if (test Y2(1,k)==test P(1,k))
(test Y2(3,k)==test P(3.k))&
(test Y2(5.k)==test P(5.k))
C=C+1;
end;
end;
CP 2 =(C*100)/n_test;

% TINH DO CHINH XAC TRAIN
for k=1:1:n_train

if (train_Y2(1,k)==test K(1,k))
(train_Y2(3.k)==test K(3.k))&
(train_Y2(5.k)==test K(5.k))

D=D+1;
end;
end;
CK 2 =(D*100)/n_train;
else

% TINH DO CHINH XAC TEST

for k=1:1:n_test

if (test_Y2(1,k)==test P(1,k))

(test Y2(3,k)==test P(3.k))&

(test_Y2(5.k)==test P(5.,k))
C=C+1;

end;

end;

CP1 2 =(C*100)/n_test;

% TINH DO CHINH XAC TRAIN
for k=1:1:n_train
if (train_Y2(1,k)==test K(1,k))
(train_Y2(3.,k)==test K(3,k))&
(train_Y2(5.k)==test K(5.k))
D=D+1;

end;
end;

CK1 2 =(D*100)/n_train;

&

&

(test Y2(2,k)==test P(2,k))&
(test Y2(4.k)==test P(4.k))&

(train_Y2(2,k)==test K(2.,k))&
(train_Y2(4.k)==test K(4.k))&

(test_ Y2(2,k)==test P(2,k))&
(test Y2(4,k)==test P(4,k))&

(train_Y2(2,k)==test K(2.,k))&
(train_Y2(4.,k)==test K(4.k))&

CP_2=[CP_2,CP1_2]; % tong hop do chinh xac testing cac bien khac nhau
CK 2=[CK 2,CKI1_2]; % tong hop do chinh xac trainning cac bien khac nhau

end;
=it
end;
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end;

% ve do thi kiem tra do chinh xac ung voi nhieu muc bien khac nhau

z=10:10:m;

% do thi test

plot(z, CP_2, '-ob");
hold on

% do thi train
plot(z, CK_2,'-"b");

% INITIALIZE THE NEURAL NETWORK PROBLEM
%

clc,clear

load("Tonghop dulieu Nghia 1";

% inputs for the neural net

% targets for the neural net

% Tron du lieu
M =dulieu;

r = randperm(size(M, 1)); % permute row numbers

Mout = M(r,:);

X = (Mout(:,1:104));
Y = (Mout(:,105:109));
%

[n, m] = size(X);
n_test=floor(0.15%n); % 15% test
n_train=n - n_test; % 85% train
=0;

% train nhieu so bien khac nhau

%

for I=10:10:m

for nh=8
X1=[]X2=[];
train X2=1|;
test X2=1[1;
train Y2=1|;
test Y2=1]
C=0;D=0;

>
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X1 =X(,1:1);
X2=zscore(X1); %chuan hoa

% tach du lieu ngd vao, ra thanh phan test va train

train X2 = transpose(X2(1:n_train,:));

train_Y?2 = transpose(Y(1:n_train,:));

test Y2 = transpose(Y((n train+1):n,:));

% ngod vao train

test X2 = transpose(X2((n_traint+1):n,:)); % ngd vao test

% ngo ra train
% ngo ra test

% huan luyen BPNN voi he so speard 0.1
bpnn=newff(train X2,train _Y2,[nh],{'tansig’,"purelin'},'trainscg");
[bpnn,tr] = train(bpnn,train_X2,train_Y2);
% lay du dieu ngo ra ung voi du lieu ngo vao phan train va test su dung ham

% grnn vua moi huan luyen

test K =round( sim(bpnn, train_X2));

test P =round( sim(bpnn, test X2));
ifj==0
% TINH DO CHINH XAC TEST
for k=1:1:n_test
if (test Y2(1,k)==test P(1,k))
(test_ Y2(3.,k)==test P(3.k))&
(test_Y2(5,k)==test P(5,k))

C=C+1;
end;
end;
CP_3 = (C*100)/n_test;

% TINH DO CHINH XAC TRAIN
for k=1:1:n_train

if (train_Y2(1,k)==test K(1,k))
(train_Y2(3.k)==test K(3.k))&
(train_Y2(5.k)==test K(5.k))

D=D+1;
end;
end;
CK 3 =(D*100)/n_train;
else

% TINH DO CHINH XAC TEST

for k=1:1:n_test

if (test_Y2(1,k)==test P(1,k))

(test Y2(3.k)==test P(3,k))&

(test Y2(5,k)==test_P(5.,k))
C=C+1;

end;

end;
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(test Y2(2,k)==test P(2,k))&
(test_ Y2(4,k)==test P(4.k))&

(train_Y2(2,k)==test K(2.,k))&
(train_Y2(4.,k)==test K(4.k))&

(test_ Y2(2,k)==test P(2,k))&
(test Y2(4.k)==test P(4.k))&



CP1_3=(C*100)/n_test;

% TINH DO CHINH XAC TRAIN
for k=1:1:n_train
if (train_Y2(1,k)==test K(1,k)) & (train_Y2(2,k)==test K(2,k))&
(train_Y2(3.,k)==test K(3.k))& (train_Y2(4,k)==test K(4.,k))&
(train_Y2(5.k)==test K(5.,k))
D=D+1;

end;
end;

CK1 3 =(D*100)/n_train;

CP_3=[CP_3,CP1_3]; % tong hop do chinh xac testing cac bien khac nhau
CK 3 =[CK _3,CK1 3]; % tong hop do chinh xac trainning cac bien khac nhau
end;
j=ith
end;
end;
% ve do thi kiem tra do chinh xac ung voi nhieu muc bien khac nhau
z=10:10:m;
plot(z, CP_3,'-0g");
hold on
% do thi train
plot(z, CK_3,'-"g");

% INITIALIZE THE NEURAL NETWORK PROBLEM
%
clc,clear

load("Tonghop dulieu Nghia 1";
% inputs for the neural net

% targets for the neural net

% Tron du lieu
M =dulieu;

r = randperm(size(M, 1)); % permute row numbers

Mout = M(r,:);

X = (Mout(:,1:104));
Y = (Mout(:,105:109));
%
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[n, m] = size(X);
n_test=floor(0.15*n); % 15% test
n_train=n - n_test; % 85% train
J=0;

% train nhieu so bien khac nhau
%

for 1= 10:10:m
for nh=8
X1=[]X2=[];
train X2=[1;
test X2=1[;
train Y2=[|;
test Y2=1[|;
C=0;D=0;
X1 =X(,1:1);
X2=zscore(X1); %chuan hoa

% tach du lieu ngd vao, ra thanh phan test va train

train_X2 = transpose(X2(1:n_train,:)); % ngd vao train
test X2 = transpose(X2((n_train+1):n,:)); % ngd vao test
train_Y2 = transpose(Y(1:n_train,:)); % ngo ra train

test Y2 = transpose(Y((n_train+1):n,:)); % ngo ra test
% huan luyen BPNN voi he so speard 0.1
bpnn=newff(train X2,train_Y2,[nh],{'tansig','purelin'},'trainrp");
[bpnn,tr] = train(bpnn,train_X2,train_Y2);
% lay du dieu ngo ra ung voi du lieu ngo vao phan train va test su dung ham
% grnn vua moi huan luyen
test K =round( sim(bpnn, train_X2));
test P =round( sim(bpnn, test X2));
ifj==0
% TINH DO CHINH XAC TEST
for k=1:1:n_test

if (test_Y2(1,k)==test P(1,k)) & (test_ Y2(2,k)==test P(2,k))&
(test Y2(3.k)==test P(3,k))& (test Y2(4.k)==test P(4.k))&
(test Y2(5,k)==test_P(5,k))

C=C+1;
end;
end;

CP 4= (C*100)/n_test;

% TINH DO CHINH XAC TRAIN
for k=1:1:n_train
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if (train_Y2(1,k)==test K(1,k))
(train_Y2(3.k)==test K(3.k))&
(train_Y2(5,k)==test K(5,k))

D=D+1;
end;
end;
CK 4 =(D*100)/n_train;
else

% TINH DO CHINH XAC TEST

for k=1:1:n_test

if (test Y2(1,k)==test P(1,k))

(test_Y2(3.,k)==test P(3,k))&

(test_Y2(5,k)==test P(5,k))
C=C+1;

end;

end;

CP1 4= (C*100)/n_test;

% TINH DO CHINH XAC TRAIN
for k=1:1:n_train
if (train_Y2(1,k)==test K(1,k))
(train_Y2(3.,k)==test K(3.k))&
(train_Y2(5.k)==test K(5.k))
D=D+1;

end;
end;

CK1 4 =(D*100)/n_train;

&

&

(train_Y2(2,k)==test K(2,k))&
(train_Y2(4.k)==test K(4.k))&

(test Y2(2,k)==test P(2,k))&
(test_ Y2(4,k)==test P(4,k))&

(train_Y2(2,k)==test K(2.,k))&
(train_Y2(4.,k)==test K(4.k))&

CP 4 =[CP _4,CP1_4]; % tong hop do chinh xac testing cac bien khac nhau
CK 4 =[CK 4,CK1 4]; % tong hop do chinh xac trainning cac bien khac nhau

end;
j=jt+ 1

end;

end;

% ve do thi kiem tra do chinh xac ung voi nhieu muc bien khac nhau

z=10:10:m;

% do thi test

plot(z, CP_4,'-om");
hold on

% do thi train
plot(z, CK 4, '-"m");

%
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