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Abstract: Frequency is an important technical parameter in evaluating the power quality of the power
system and must be maintained within prescribed limits to ensure stable operation of the power system.
Therefore, maintaining a stable frequency within the prescribed limits is always the goal of power system
designers and operators, based on the analysis of the effects of frequency on the power system, previous
domestic and foreign research works, as well as the reality of load shedding being applied in Vietnam today.
Research is carried on load shedding methods to restore power system frequency stability on the basis of
identifying whether or not load shedding combined with knowledge technology algorithms such as AHP
and neural networks. The proposed load shedding method allows to quickly make decisions on choosing
a reasonable and effective load shedding strategy to keep the power system frequency stable when a short
circuit occurs on the busbars or on the lines of the electrical system. Besides, the proposed load shedding
method has less load shedding capacity and faster frequency recovery time than traditional load shedding
methods
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1. Pat van dé

Nghién ctru phuong phép sa thai (PPST) phu tai
trén co so 4p dung thuat toan Fuzzy-AHP dé tinh
toan hé s4 tim quan trong cuia phu tai va thyc hién uu
tién sa thai (ST) phu tai c6 hé s6 tAm quan trong nho
true. PPST phu tai dé xuat giap khoi phyc tan s Vé
gia tri cho phép va giam thiéu thiét hai gay ra khi cit
dién va dé xuat viéc tinh toan luorng cong suat ST
phu tai c6 xét dén cac yéu té diéu khién so cip, didu
khién thtr cdp t6 may phat dién giup téi thiéu luong
cong suit tai phai ST va tan s6 hé théng van khoi
phuc vé gia tri trong pham vi cho phép. Viéc xac dinh
vi tri tai can ST dya trén cac khai niém PED, VED
gilta may phat bi sy ¢b va cac nut tai giap khoanh
ving su ¢d nghiém trong va ST phuy tai xung quanh
ving sy ¢6 s& lam giam anh hudng cia sy cb t6i hé
thong va phuong an ST tai s& hiéu qua hon

Nghién ctru va dé xuat phuong phap phin b
luong cong sudt ST phu tai tai cac niit co xét dén cac
tiéu chi kinh t& nhu hé sé tdm quan trong cua phu
tai, va cac tiéu chi k¥ thuat nhu PED, VED. Qua d9,
viéc ST phu tai thoa man cac yéu cau phdi hop nhiéu
phuong phap kinh té-ky thuat. Cac PPST phu tai e
xuét co thé duoc sir dung trong cong tac huén luyén
cac diéu do vién hé thong dién xu ly cac tinh huong
ST phu tai dya trén cac kich ban su ¢d trén hé théng
dién.

2. N§i dung nghién ctru
2.1. Tong quan vé ST phu tii trong hé théng dién

Trong nhing thap nién vira qua, trén thé giéi da
¢6 nhiéu su ¢ h¢ thong dién nghiém trong xay ra
lam mat dién va anh huong dén hang tridu ngudi dan,
gdy thiét hai 16n vé kinh té va tac dong dén cac t?mg
16p xa hoi. Tac dong xa hoi cia mat dién, dic biét la
O cac vung do thi 1a rat nghiém trong, chfmg han nhu
cac dich vu cham sdc stc khoe trong cac bénh vién,
cac van dé vé diéu khién giao thong, 1am gian doan
mang internet va cac h¢ théng thong tin lién lac, dich
vu ngan hang...
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Hinh 2.1: Tan sudt bi mat dién & cac khu vuc trén
thé gidi

2.2. Phwong phdp diéu khién khin cip ST phu tdi

Céc nghién ctru ST phu tai truéc day tap trung

chu yéu vao muc tiéu 1a giai quyét viéc t6i wu hoa

luong cong suat ST phu tai trong diéu kién ché do

van hanh xéc lap cua hé théng dién. Tuy nhién, do
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tinh phirc tap ctia hé thong dién, trong cac ché do van
hanh khén cip

Dé khic phuc nhiing van dé trén, giai phap nhan
dang c6/khong ST phu téi st dung mang no-ron co
kha nang dap ung yéu cau phén loai nhanh khi xudt
hién sy co ngan mach trong hé théng dién. Trong
truong hop Kkét qua nhén dang 1a c6 ST phu tai, két
qua nhan dang nay s& phdi hop vai cac giai phap diéu
khién ST phu tai di duoc thiét 1ap trudc, gitip nhanh
chong ra quyét dinh diéu khién ST phu tai ngay sau
khi c6 su cb xay ra dé khoi phuc va duy tri 6n dinh
tan sb cua hé thong dién.
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Hinh 2.2. M6 hinh nguyén Iy diéu khién khan cdp ST
phu tai

2.3. Phwong phap sa thdi phu tdi trén co so dap dung

thudt toan FUZZY-AHP

Trong bai toan ST phu tai, viéc lya chon thir hang
cac phu tai theo thu ty vu tién cit la diéu can thiét dé
viéc didu chinh can bang cong suét, khoi phuc tan sb
mang lai hiéu qua kinh té. Do d6, can phai x4c dinh
13 cac tai nao can duoc xép vao danh myc nhing phu
tai can cat va thir tu vu tién cit cta chung. Viéc xac
dinh danh muc cac phu tai nay thoa man nhiéu khia
canh doi hoi phai co su phén tich chi tiét cac hau qua
kinh té khi ST phu tai.

2.3.1. Téng quan vé thudt toan Fuzzy — AHP

Thuat toan Fuzzy-AHP do Y.C. Erensal va cac tac
gia dé xudt v6i y tuong 1a sir dung kién thirc chuyén
gia va tam gidc trong s6 md hoa dé xép hang cac dbi
tuong trong mot hé thong va ap dung cho bai toan
thuc hién ra cac quyét dinh da tiéu chudn. O day, ap
dung thuat toan Fuzzy-AHP dé xac dinh hé s6 tim
quan trong va xép hang cac don vi phuy tai trong hé
théng dién thuc hién qua cac budc.

Bude 1. Xac dinh cac khu vuc chinh va cac ddi
tugng trong khu vuc chinh.

Buée 2. Xay duyng mé hinh phan cip AHP dua
trén cac khu vuc chinh va cac ddi tuong trong cic
khu vuc da xac dinh ¢ budce 1.

Bude 3. Xac dinh cac trong s6 tim quan trong
giita cac khu vuc chinh va giira cac ddi tuong trong
khu vuc bang cach sir dung ma tran phan doan. Cac
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thang do mirc d tim quan. Cac trong sd nay dugc
d8é xuat boi Kahraman va dugc s dung dé giai quyét
viéc mo hoa cac van dé vé thuc hién cac quyét dinh.
Trong trudng hop 6 nhiéu ¥ kién chuyén gia danh
gi thi cc gi4 trj trong s6 nay la gia tri trung binh ciia
cac y kién chuyén gia. Sau do, dwa vao ham thanh
vién ciia tam giac s6 md hoa dé xac dinh tam giac s6
mo hoa clia cac ma tran phan doan.

Bude 4: Tinh toan cac trong so tam quan trong
ctia cac ddi tuong d6i v6i toan hé théng. Trong sb
nay duoc tinh bang cach nhan trong s cua cac ddi
tugng trong khu vuc chinh véi trong s6 ciia cac khu

vuc chinh tuong ung.

2.3.2. Khao sdt thir nghiém trén so do hé

théng dién chudn IEEE 37 bus 9 may phat
Pé so sanh hiéu qua cua PPST phu tai

1 dua trén thuat toan Fuzzy-AHP va thuat
e toan AHP, tién hanh thyc nghiém gidi thuat

dé xuét trén so do hé thong dién dién hinh
IEEE 37 bus 9 may phat trong ca 2 truong
hop ¢6 md hoa va khong mo hoa. Xét truong hop mét
mot may phat dién tai nit sb 4, tuong tng hé thong
dang hoat dong ¢ cac trang thai 70%, 80%, 90% va
100% phu ta1 cuc dai. Khi khong c¢6 ST phu tal tan
s6 giam xudng thip hon so VO’l gidi han tan sb cho
phép. Do d6, twong tmg v4i mdi truong hop nghién
clru s& xay dung “chién luoc didu khién” trong viéc
ST phu tai nham khoi phuc tan sé vé gid tri gidi han
cho phép. Viéc mo phong dugce thuc hién bang phan
mém PowerWorld GSO 19 va quan sat két qua nhan
dugc khi 4p dung cic chuong trinh ST phu tai dé
xuat. Dir liéu cac mic tai va do thi tan s6 khi xay ra
su cb mat may phat dién tai nut s6 4 duoc trinh bay
6 hinh 2.3.

Hinh 2.3: Tan sé he thong khi STphu tdi theophu’ang

phap AHP voi truong hop van hanh ¢ cdc mirc tdi
khac nhau
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2.4. Tinh todn lwong cong sudt ST toi thiéu sic dung
phan mém Powerword

Tinh toan lugng cong suat ST phuy tai dua trén
phuong trinh chuyén dong quay cua rotor hay dugc
thuc hién tai cac phat tuyén duong day trung thé
da duoc cai dt sin va khi tan s6 giam xudng dén
ngudng quy dinh thi cac relay ST phu tai phat tuyén
s& ra 1énh cit toan bo phat tuyén. Diéu nay c6 thé
lam cho luong cong sut ST phuy tai khong chinh xac
trong viéc khoi phuc tan sé vé gia tri cho phép.

Muc dich cia viéc tinh toan luong cong suat ST
phu tai tdi thiéu Viéc tinh toan luong cong sut ST
phu tai ti thiéu PLS min nhim dam bao ST luong
cong suat it nhat ma van phuc hdi tan sé hé théng
dién vé gia tri cho phép dong thoi giam thiét hai it
nhét cho khach hang ti€u thu dién. Viéc tinh toan co
xem xét dén cac yéu t6 didu khién so cip va diéu
khién thtr cap t6 may phat dién pht hop véi thuc té
van hanh.

Xay dung cong thirc tinh toan lugng cong suat ST
phu tai tbi thiéu.

Tinh toan kiém tra trén so dd hé théng dién chuén.
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trén cac thanh gop va dudng diy lién két hé thong
dién trén co so xay dung hé théng nhéan dang nhanh
c6/khong ST phu tai va phan 16p chién luge ST phu
tai trén co sO ap dung mang noron va thuat toan AHP.
Céc két qua khao sat va mo phong trén hé thong dién
chuan IEEE 39 bus 10 may phat cho thay viéc thuc
hién chlen luge ST phu tai dé xuat gitip hé thong dién
glu dugc 6n dinh tan sb sau sy ¢d va cac nat tai duoc
xép hang dua trén hé sé tam quan trong dugc tinh
toan theo thuat toan AHP. So sanh v6i PPST phu tai
truyén thong sir dung relay ST phu tai dudi tan sb,
phu’ong phap nay c6 lugng cong suit ST phu tai it
hon, tin s6 ctia hé thong dlen phuc hdi vé gia tri cho
phép va giit duoc trang thai 6n dinh va thoi gian phuc
hoi tan s6 nhanh hon.
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