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TOM TAT

Trong thi trwong dién canh tranh, hé thong hé tro quyét dinh sa thai phu tai la can thiét dé tim
ra huéng xu Iy sa thai phy tai thoa man ca hai diéu kién kinh té va ky thugt. Bao bdo nay dé
xudt phwong phdp tlep can Fuzzy —AHP va mo héa do thi phu tai dé xdc dinh trong sé ciia don
Vi tai trong toan hé thong va lya chon chién lege diéu khién khi hé thong hoat dong o cac mirc
tai khac nhau. Trong so cua cdac don vi tai dwoc dinh luong boi cdc tam gidc s6 mo héa trong
cdc cap so sanh. Cdc két qua nay két hop voi viéc mo hoa do thi phu tai dé dé ra cac chién liroc
diéu khién phii hop véi cdc mike tdi khdc nhau khi ¢ sw ¢6 xay ra. Hiéu qua cia thudt todn
dwoc minh chimg qua thyc nghiém sa thai phu tai cua mang dién IEEE 37 nut so voi giai thudt
AHP truyén thong.

ABSTRACT

In the competitive electricity market, load shedding Decision Support Systems are needed to find
the way to load shedding satisfy both economic and technical conditions. This paper proposed
Fuzzy - Analytic Hierarchy Process (Fuzzy-AHP) approach and Fuzzy Load to determine the
weight of the unit load in the system and choose the control strategy when the system operates
at various load levels. Weights of the unit load is quantified by the triangular fuzzy numbers
in the pair comparison. These results combined with the fuzzy load graph to propose control
strategies suitable for different load levels when the problem occurred. The effectiveness of
the algorithm is demonstrated experimentally load shedding of the IEEE 37 bus network than
traditional AHP algorithm.

Key words: Load shedding; Analytic Hierarchy Process, Fuzzy-AHP,; Fuzzy linguistic scale;
Power System Stability.
I. GIOI THIEU

Khi tit ca cac kiém soat sin c6 khong thé duy
tri 6n dinh tan s6 h¢ thong dién, sa thai phy tai

[2,3]. Nham ting hiéu qua sa thai tai, mot sb
phuong phap sa thai tai dua trén tan so, dién

s€ dugc su dung nhu 1a giai phap cubi cung
hiéu qua dé phuc hdi lai tan sb trong gidi han
dinh muc [4,5]. Méc du thanh cong & muac do
nhat dinh, cac phuong phap sa thai phu tai
truyen thdng dwa trén cac role sa thai tai dudi
tan s6 hodc dién ap c6 nhling nhuoc diém
nhu sau: chi xem xét su suy giam tan s6, hoic
dién ap trong hé thdng, trong cac trudng hop
nay két qua thuong kém chinh xac; sb lugng
mot budc tai sa thai doi khi 16n, n6 gay ra sa
thai tadi qua muc, cac ké hoach khong co6 su
linh hoat dé ting s6 luong cac budc sa thai tai

ap va do nhay QV tai cac thanh gop tai. Tuy
nhién, truong hop nay téc do xur Iy chuong
trinh giai thuat twong doi cham [1]. Hon nira,
trong thi truong dién hién nay, viéc sa thai phu
tai can xét dén cac chi tiéu kinh té va tim quan
trong ctia phuy tai dé giam dén mic thap nhat
cac thiét hai.

C6 nhiéu phuong phap Fuzzy-AHP dugc dé
xudt boi cac tac gia khac nhau [6,7,8,9,10].
Bai bao nay st dung phuong phap sa thai phu
tai dya trén phuong phap tiép can Fuzzy-AHP.
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Khi st dung phuong phap nay, viéc sa thai
phu tai c6 xem xét dén tAm quan trong cua tai
dé cit giam nhiing tai it quan trong trudc, gop
phan giam thiét hai va cac hé sé khong duoc
do luong mot cach chinh xac sé dugc danh gia
mot cach hi¢u qua khi st dung k¥ thuat mo
hoa nham giai quyét nhiing han ché cua cac
nghién ctru trude day.

II. PHUONG PHAP TIEP CAN

1. Thuat toan AHP (Analytic Hierarchy
Process) [11,12].

Buéc 1: Thiét 1ap mo hinh hé thong phan cap

Sipxép thirty
céc hé s6 taiw;

S

PI;

A Y
Nuttail Nottai2 Nt tai 3

Hinh 1: Mé hinh hé thong phdn cdp AHP.

Buée 2: Xay dung ma tran phan doan A-PI va
A-LD thé hién tdm quan trong giita cic trung
tam tai va giita cAc tai v6i nhau trong moi
trung tAm tai. Gia tri cta cac thanh phan trong
ma trdn phan doan phan anh kinh nghiém tri
thirc ctia ngudi str dung vé tam quan trong moi
lién hé gitra cac cdp hé $0.

Ma tran phan doan A-PI:

Wi /Wit Wit/ Wiy eeeen Wi /W
Wi/ Wi, Wi/ Wiy oot Wiy /W

2.1
O day: w,. 1a muc quan trong cua trung tam
tai thar i, gla tri ndy la chua biét; W, /w mo ta
mirc quan trong twong ddi ctia tim phu ‘tai th
i dugc so sanh v6i tdm phu tai thi j. Gia triw,,
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/W, €O thé dat dugc theo kinh nghiém ciia cac
chuyen gia hodc ngudi van hanh hé thong.
Ma tran phan doan A-LD:

Wi /Wiy Wp /Wy et Wi /W,
W /W 5 W o /Wy eeeee Wy /W

Trong d6: w,, la mirc quan trong cua tai tho
1, gia tri nay la chua biét; LAWAS b mo ta mirc
quan trong twong ddi phu ta1 thtr 1 duoc so
sanh véi tai tht j. Gia tri wDi/wDj co thé dat
duoc theo kinh nghi€ém cua cac chuyén gia
hoac nguoi van hanh hé¢ théng.

Rat kho dé tinh toan chinh xac hé sé quan
trong ctia mdi tai. Ly do 1a mirc quan trong
tuong d6i cua cac loai tai nay 1a khong giéng
nhau. Theo nguyén 1y ciia AHP, cac hé sb
quan trong cua tai c6 thé duoc xac dinh thong
qua vi¢c tinh toan cac phan dodn co ban, phan
4nh su so sanh va phan doan cua mot chudi
cap cac h¢ $0.

Heé s6 quan trong clia tai W, €O thé dat dugc tir
phuong trinh sau:
W, =W, X Wy, D €K
ij g Di i ]
(2.3)
Trong do: D, € Kj nghia 1a tai D, dugc dinh vi
trong tam tai K.

Sau khi tinh toan cac hé sd quan trong cua tai
va trung tam tai, ké hoach sa thai phu tai t6i uu
va loi ich dat duoc t6i da duge tinh toan va co
duogc bang phuong phap tiép can da dé xuét.
Buwéc 3: Tinh toan trj riéng 16n nhét va vector
riéng tuong trng cia ma tran phan doan.

Buéc 4: Sip xép phan cap va kiém tra tinh
nhit quan cua céac két qua.

2. Ky thuat mo hoéa va luat hoat dong [13]
Ham thanh vién -M(x):R —[0,1] cua tam
gidgc sb mo hoa M =(l,m,u) xac dinh trén
R thi bing:
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x /

- ,x €[l,m]
~ m—I[ m-—
M(x)=1 "= e [mu]
0 otherwise

(2.4)
O day: 1 va m 1a gia tri t6t nhat ctia cac sé mo
M, I vaula gié tri bién dudi va bién trén tuong
ung. Theo nguyén Iy mo rong Zadeh’s cho hai
tam gidc s6 md héa M, =(l,,m,u) va

M, =(,,m,,u,) (I, val,=20)

Hgh

Hinh 2: M6 hinh viéc canh tranh giita
M, va M,

1. Phép cong md rong dugc dinh nghia nhu
sau:
MI@A;Iz =(l,+1,,m +m,,u +u,)
(2.5)
2. Phép nhan m¢ rong dugc dinh nghia nhu
sau:

M, @M, =(ll,,mm,,uu,)

(2.6)

3. Phép nghich dao cia tam giac s6 mod hoa
M, duoc dinh nghia nhu sau:

-1
o~ L L
ul mi ll

3. Mo hinh Fuzzy-AHP

Phuong phap Fuzzy-AHP xac dinh tim quan
trong cua cua cac don vi tai trong h¢ thong,
thuc hién qua cac budce sau [13]:

2.7)

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

Budéc 2: Xay dyng md hinh phan cip AHP
dua trén cac vung trung tam tai va cac don vi
phu tai xac dinh ¢ Budce 1.

Bude 3: Xac dinh cac hé sd trong sb tAim quan
trong clia cac trung tAm tai va cic nit tai bang
cach s dung ma tran phan doan. Ty 1¢ mo hoa
vé tam quan trong dé do luong cac trong sd
lién quan trinh bay ¢ Hinh 3 va Bang 1. Ty 1€
nay dugc dé xuét boi Kahraman [14] va dugc
str dung dé giai quyét viéc mo hoa cac van dé
vé thyc hién cac quyét dinh [14,15].

Hri
A

WMI SM VSMI AMI

| ‘ ‘ RI
32 512 2

Hinh 3: Ty 1é so sanh tam quan trong.

1.0

172

Bang 1. Ty 1€ so sdnh cdc muc vé tam quan trong

Cac murc ty 1€ Cac muc ty 1€

Tam giac Tam giac s60 mo

Khé hon rat nhiéu
Hoan toan khoé khan

do kho tAm quan trong s6 mo hoa hoéa nghich dao
Nhu nhau Nhu nhau (1,1,1) (1,1,1)
Khong qua kho Khong qua quan trong (1/2,1,3/2) (2/3,1,2)
Kho6 hon mot it Quan trong hon mat it (1,3/2,2) (1/2,2/3,1)
Kho hon nhiéu Quan trong hon nhiéu (3/2,2,5/2) (2/5,1/2,2/3)

Quan trong hon rat nhiéu
Hoan toan quan trong

(2,5/2.,3)
(5/2,3,712)

(1/3,2/5,1/2)
(2/7,1/3,2/5)
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Budrc 4: Tinh toan cac trong sd ¢ cac don vi
tai d6i voi toan hé théng. Trong sb nay duoc
tinh bang cach nhan trong s6 & cac don vi tai
v6i trong s6 & cac trung tAm tai trong tng.
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Budée 5: Sip xép theo thir tw giam dan tim
quan trong cua cac don vi tai.

Luu d(k)vcéc budc str dung phuong phéap Fuzzy-
AHP ¢ sa thai phu tai trinh bay ¢ Hinh 4.

Hac dinh céc trung tém tai Bétddu
wa céc don v thi & cdc
trung tém té
Xay dyng ms hinh cfu tric
quyét dinh

!

Xac dinh trong 6 tim quan

trong cha céc trung tim thi _AHP
va dom vi t5i SR
Tinh todén trong 6 tim - _
guan trong clia cdc don v | B thi phu t& |
tad trong todn hé thing l
v | Mehsadéthiphutai |
Sép xép theo thir by gifm l
dén thm quan trong cila cdc
don vi tai | T‘ﬂimin |
—l'l Po tén =6 tal che i | mchﬁg’fﬂm
-@ M Stop
Y
Sa thai phy tii theo thi ty
thi cé hE =8 rong =6 thm |
guan trong nhd nhit trwde

Hinh 4: Lieu do cdc buée sir dung phwong phdp Fuzzy-AHP dé sa thdi phu tdi.

I1I. TINH TOAN, MO PHONG TREN HE
THONG

Dé so sanh hiéu qua k¥ thuat sa thai dua trén
Fuzzy-AHP va AHP, tién hanh thuc nghiém
giai thuat dé xuat trén hé thong dién hinh cua
IEEE voi f=60Hz gém 37 thanh gép 9 may
phat trong ca 2 truong hop cé mo hoa va khong
mo hoa. Xét truong hop méat mot may phat
dién tai thanh gop s6 4 twong mg hé thong
dang hoat dong & cac trang thai 70%, 80%,
90% va 100% phu tai cyc dai. Tuong Gng voi
mdi truong hop s& xdy dung “chién luoc diéu

khién” trong viéc sa thai phu tai nham khoi
phuc cac thong so trd vé trang thai 6n dinh ban
dau. M6 phong bang phan mém PowerWorld
va quan sat két qua nhan dugc khi ap dung céc
chuong trinh sa thai phu tai dé xuat.

Ap dung luu d6 giai thuat & Hinh 4, thuc hién
cac bude nhu sau:

Buwéc 1: Xéac dinh cac vung trung tam tai
(Load Center 1) va cac don vi L, tai.

Buée 2: Xay dung mo hinh AHP gdm céc
vung trung tam tai va cac don vi tai trinh bay
6 Hinh 5.
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| Trong s ciia cic don vi tai trong hé thong |
|
{ 1 1 1

| Trngtimtiil | Trungtdmtdi2 | Trungtdmtdi3 | Trung timtii4

Tai [ 2] 3] 4] 5] 6] 7] 8] 9f 10] 11] 12] 13] 14] 15] 16] 19] 22[ 23] 25| 30 32| 34] 35| 36[ 3

Hinh 5: M6 hinh AHP goém cdc ving trung tam tdi va cdc don vi tdi.

1 if my >m,

Bude 3: Xac dinh trong so tdm quan trong cua o S ,
, A 5 . \ e Lo VIMy>2M,)=hgt(M,"M,)=M,(d)=10 if 1,>
cac trung tAm tai va don vi tai. (Mo 2 M) =hetGOAM) =M@ =00, 1 L2

————————, otherwise
I my —uy )—my =1
Buwdc 4: Tinh toan trong s6 tdm quan trong ( =)
cua cac don vi tai trong toan h¢ thong. (3.3)
Theo phuong phap Fuzzy-AHP cua Chan I A ~ ~
[10]: P & phap Y g Quan sat Hinh 2 cho thay v(M, > M) trong
1 truong hop m, <I; <u, <m, trong do d la gia
moo nomo~ tri truc hoanh tuong tmg v4i diém giao nhau
=SS5 o
i A cao nhdt D giita M, va M, .Désosanh M, va
(3.1) g 1 2 - 1
O day A/}z can c6 gié tri V(]\/N[l ZA/;Z) va V(A/}ZZA;II)
no - n n v - 1 1 1 ~ ~ o~ ~ ~ ~
ML=\ 2 Y, {ZZM} TR I (0 >M, ,M,,.M,)=minV(M >M,),
, A 2 2m 2l | =12k (3.4)
Cuoi cung,
(3.2)

) W =(minV (S, >S,) minV(S, >S,),...V (S, >S,) "
Cacmuic khd nang xdyracua M, = (l,,m,,u,) .
la vector trong so, véi k=1,2,....n.

2 M, =(l,,m,u,) dugc xdc dinh nhu sau: Buée 5: Két qua sip xép theo thir tyr giam dan

V(M > M,) = sumlmin(M 1 (x) M2(»)] tam quan trong cua cac don vi tai dugc trinh
bay ¢ Bang 2.

Bang 2: Siap xép theo thir ty giam dan tim quan trong ctia cac don vi tai.

MObEi | L1 | L13] L1 | L12 | L0 | L35 | L36| Lan | L37| L3 [ L2 | L6 | L34 LE| Ls | L9 | L7 | LE | Las | L2z | L5 | L | L4 L2 L3

Tr;ng grzfoyzlov2|{ovz2|ov2| 02| 02| 02|02 (00702007 02007007 002(002)002] 02 )007)002(002(002( 0013 [ 0.013

Trang

Sn_d?_n 027 | 026 026 014 | 008|023 023 017 | 04| 036 | 092 | 035 01 | 098 | 007 | 023|022 02 | 002 [ 005 043 ) 092 | 009 | 0.006E | 0.006E
Wi i

Trong
=0 nik
i
trang
todn be
thiing

02 (03| 01| 01 | 006) 004 004 003 003 002 | 002 002 002) 001 0 1} 1} 1} ] 1} 1} 1] 0 | 0000t | 00001

Trong bang sap xép cac don vi tai ndy, phu tai  Bwée 6: MO hoa db thi phu tai Gmg v0i cac ty
c6 trong s6 nho hon s& duoc vu tién sa thai 1€ 70%, 80%, 90% va 100% cong suat cuc dai
trude ¢ cac chién lugc diéu khién. cua phu tai.
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CL2 CL3

CL4

v

70% 80" 90%  100% P
Hinh 6: Ky thudt mo hoa dé thi phu tdi.
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Gia su truong hop phu tai dang van hanh ¢
mirc 83% phu tai cyc dai, két qua cho théy
gia tri p,>p. do d6 chon chién luge dleu khién
CL2. Ket qua mo6 phong d6 thi tan so duoc
trinh bay & Hinh 7. Két qua tinh toan tong hop
trinh bay ¢ Bang 3.

Bang 3: Két qua tinh toan tong hop cac trudng hop md hoa dd thi phu tai

cr e LA <X Phu tdi sa thai theo thu Phu tdi sa thai theo thir tu
Gia tri phan Chién lugc ; £ e A P& o A :
tram tai cuc dai didu Khién tu trong so tai dua trén trong so tai dua trén Fuzzy-
T AHP AHP
70%-75% CL1 L2,14,L25,L5 L3,L2,1L4,L8
75%-85% CL2 L2,14,1L25,L5 L3,1L2,14,L8
85%-95% CL3 L2,L4,L25 L3,L2,14
>95% CL4 L2,L4,L25 L3,L2,14

Két qua do thi thay di tan s6 khi sa thai phu tai theo thuat toan AHP va Fuzzy-AHP trinh bay

6 Hinh 7 va Hinh 8.

60

s |
5996 +-{-
sa4 -1~
5992 414
sof- |
5888 4-{-+---
5886 F -1
ELETR SR
sag |-
598441
saTst--|if-
sa7e |-
sara b {1 ]
sar2 -
sa74--
5963 |-
:7-oF S

0 2 4 B 8 10 12 14 16 13 20 22 24 26 28 30 32 34 36 33 40 42 49 46 43 S0

Hinh 7: Tan s6 ciia hé thong khi dp dung
chuwong trinh sa thai phu tai theo AHP .

Két qua nhan dugc, tan so trude khi thuc hién
chuong trinh sa thai phu tai dé xut 1a 59. 6 Hz,
sau khi ap dung chuong trinh sa thai tai, tan sb
da cai thién dén mot gia tri 6n dinh gan 60 Hz
(59.9 Hz) trong vong 30 giay.

So sanh véi truong hop sa thai phu tai theo
thuat toan AHP, phuong phép sa thai phu tai
theo thuat toan Fuzzy-AHP thi ca hai truong
hop tan sé déu phuc hoi dén gia trji cho phép,
tuy nhién phuong phap tai dugc sa thai theo
Fuzzy-AHP c6 tong cong suat phai sa thai it
hon. Két qua so sanh trinh bay ¢ Bang 4.

60

5998

5986

5984

Hinh 8: Tan s6 ciia hé thong khi dp dung
chuwong trinh sa thai phu tai theo AHP Fuzzy-AHP

IV. KET LUAN

Phuong phap sa thai dwa trén thuat toan Fuzzy-
AHP duoc ap dung trong cac tinh huéng khan
cap dé duy tri 6n dinh cua hé théng dién. Pic
diém quan trong cta phwong phap nay 1a do
thi phu tdi dugc mo hoa lam gidm dugc )
chién luoc diéu khién tng véi cac mirc tai khac
nhau, sd lugng tai va vi tri tai sa thai tai moi
nut da duoc xac dinh trudc va thuc hién theo
chién lugc diéu khién. Diéu nay gop phan lam
don gian hoa trong cong tac van hanh, gidam
duogc bo nhé va tang toc do xur 1y ctia chuong
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trinh giap cho thoi gian phuc hoi ctia hé thong
nhanh hon khi c6 sy c6 xay ra. Phuong phap
sa thai dya trén thudt toan Fuzzy-AHP dugc

ap dung trong cac tinh hudng khan cip dé duy
tri 6n dinh cua h¢ thong dién.

Bang 4: Két qua so sanh giita phuong phap sa thai phu tai theo AHP va Fuzzy-AHP

Thuéat toan AHP Thuét toan Fuzzy-AHP
Phuong phap | Chién | . | Chién | Chien | Chién | Chién | Chién | Chicn
sa thai Iuoc x Iuoc luoc Iuoc Iuoc luoc luoc
A lugc dieu X X L X 1 1
dlg:u Khidn 2 dlg:u dlgu dlg:u dlgu dl;u dl?u
khién 1 khién 3 | khién 4 | khién1 | khién?2 | khién 3 | khién 4
Tan so phye | 59 5 59,9 59,9 60 59,9 509 | 59,86 | 59,9
hoi (Hz)
Cong suit sa
thii (MW) 131,30 143,69 133,45 | 148,29 | 118,90 130,11 106 117,78
Thot gian 385 30s 40s 40s 30s 32s 60s 455
phuc hoi (s)

Dic diém quan trong clia phuong phap nay  hé thong nhanh hon khi ¢é su cd xdy ra.
1a d thi phu tai duoc mo hoa lam giam dugc
s6 chién lugc diéu khién Gng véi cac mirc tai
khéc nhau, s6 lugng tai va vi tri tai sa thai tai
mdi nat di duge xac dinh trude va thue hién
theo chién lugc didu khién. Diéu nay gop phan
lam don gian hoa trong cong tdc van hanh,
giam dugc bo nhd va tang toc do xir Iy cua
chuong trinh gitip cho thoi gian phuc héi cua

Cac két qua mo phong cho thay khi st dung
thut toan Fuzzy-AHP két hop véi mo hoa
db thi phu tai, luong cong suat phai sa thai it
hon so véi thuat toan AHP gdp phan lam giam
thiét hai vé mat kinh té khi co su c¢b xay ra
va dé chimg minh dugc hiéu qua cia phuong
phap dé xuat.
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