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Tém tit:

Hién nay, c6 nhiéu nghién ctu va phuong phap khac nhau duocj phat trién nhdm tim vi tri va dung
lugng tu bl t6i vu trén IuGi dién phan phdi. Bai bao tap trung trinh bay 'ng dung cla logic md trong
bai todn tim vij tri d3t tu bu t8i uu nhdm théa man diéu kién ham tiét kiém la I16n nhét, dong thoi
ki€ém tra diéu kién dién dp ndm trong giGi han cho phép. Bai toan sir dung 02 bién vao la chi s6 ton
that cong sudt tac dung (PLI), dién ap nit cla Iudi trong hé don vi tuong ddi (V) va 01 bién ra 1a
chi s8 thich hgp dé dat tu bu tai nit i (CSI;) cho logic md, kiém tra tinh toan cho 01 xudt tuyén
dudng day trung ap cho thay ly thuyét logic md cd thé gitp tim vi tri d&t tu bu t6i uu trén Iudi dién
phan phdi.

T khoa:

Tu dién, cong sudt phan khang, bu téi uu, logic ma, IuGi dién phan phdi.

Abstract:

At present, various researches and with different methods have been developed to find the optimal
placement and sizing of fixed capacitor banks in power distribution networks. This paper aims to
apply fuzzy logic theory to allocate the capacitor banks to satisfy the objective maximum savings,
and at the same time checking node voltages within the allowed limits. The problem uses Power
Loss Index (PLI) and node voltage in per unit (V,") as two input variables to give one output

variable, Capacitor Suitability Index (CLI;), through a fuzzy logic controller, a case study of a
medium voltage distribution line is simulated. The results show that the fuzzy logic theory is
satisfactory to find the optimal location of compensation capacitor banks on power distribution grids.
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1. DAT VAN BE chi phi hang nim cua ludi dién d6 1a nho
Bai toan bu t6i wu cong suit phan khang nhét [1-2] hoic luong tién tiét kiém duogc
luéi dién phan phéi (LPP) 12 bai toan x4c ~ hang nam do ldp dat ty dién bu 1a 16n nhét
dinh vi tri va dung lugng cin thiét cia cac  [3-5]. Day 13 bai toan téi uu va c6 thé
tu dién bu duoc lép vao ludi dién sao cho  duoc chia thanh hai bai todn nho nhu sau:
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» X4c dinh vi tri toi vu dit tu dién bu.

= Xac dinh dung lugng tdi wu cta cac tu
dién bu.

Dbi véi LPP, c6 nhitng quy dinh d3 duoc
dat ra cho viéc dam bao gia tri cos¢>0,9
[6,7], tirc cong suit phan khang yéu cau
tai mot nut nao dé khong dugc qua 1on;
va do vay ludn t6n tai mot vai nut thich
hop cho viéc lip dit tu dién bu. Tuy nhién
rat kho khin dé xac dinh lip tu dién bu
vao nut nao 13 thich hop nhat hodc lap tu
dién bu & nat nay sé€ thich hgp hon ¢ nut
kia. Néu s6 nit caa lugi 16n, bai toan s&
trd nén cong kénh, phtc tap. Trong
truong hop téng quat, cac nat thich hop
dé 1ap dat tu dién bu duoc xac dinh 1a cac
nut thudc cac nhanh c6 ton thit cong suat
tac dung theo thanh phan tic dung cua
dong dién hodc theo thanh phan phan
khang ctia dong dién 1a 16n nhét. Theo cac
phuong phap nay mdi 1an mot nat thich
hop duoc Iya chon, phai tién hanh lap dat
tu dién bu vao nit d6 va tinh toan lai ché
d6 xéc 1ap cua ludi, dong thoi kiém tra dé
dam bao rang diéu kién dién ap cac nut
cua ludi dugc thoa man.

2. BAl TOAN BU TOI WU CONG SUAT
PHAN KHANG

2.1. N@i dung bai toan

Bai toan bu tdi wu nhim muc dich xac
dinh vi tri va cong sut bu hop 1y nhat,
dam bao hiéu qua gitra chi phi dau tu va
loi ich mang lai do vi¢c giam ton that di¢n
nang.

Véi mot lugng gidi han vé cong suat bu,
cac murc dung lugng tu dién chuan 1a boi

s6 cta dung luong ty nhé nhat Qg , va do

vay mirc dung luong 16n nhit cho phép
cua bd tu dién bi gidi han boi:

Qrax = LQy (1)

trong d6, L 1a mot sé nguyén. Khi do,
tai moi nut bu thich hop dugc lua
chon s€ ton tai L mic dung lugng

{Qg,Z.Qg,...,L.Qé:} dé lua chon.

Chi phi cho 1 kVAr thuong khong
dong nhat cho cic muc dung luong
khac nhau, mirc dung lugng 16n thuong
ré hon muc dung luong nho khi xét
dén chi phi dau tu cho 1 kVAr. Co thé
chon {Kf,Kf ,...,KLC} 1a vén dau tu cho

1 kVAr tuong g voi L mic dung lugng
tu trén.

Theo phuong phap cia Hong-Chan Chin
va Whei-Min Lin [1] thi ham chi phi hang
nam dugc xac dinh:

k
COST =K AP, + > K{ Qf ()
=
Voi:
K*® 1a gia tén thit cong sult
($/kW/nam);

AP; 1a tong ton that cong suét trong mot
nam (kW);

J=1,2,.....K cac nut bu thich hgp da duoc
lya chon.

Theo phuong phép cua H. N. Ng va cong
su [2] thi ham tiét kiém hang nim duoc
xac dinh:

Kk
SAVING =K“*® AE +K".AP-> KT Q7 (3)
j=1

Voi:
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AE = AE, , —AE,,, 14 lugng gidm ton
that dién nang (kWh);

AP = AP, —AP,,, 1a luong giam ton
that cong suat (KW);

K“F 1a gia cia 1 KWh ton that dién ning
trong mot nam ($/kWh);

K" 1a gia cua 1 kW cong suét dinh giam
duoc ($/kW);

AE, ,,AE, | tuong Ung la ton that dién
nang trén ludi khi khong co thiét bi bu va
c6 thiét bi b

AP, AP, twong tmg 1a ton that cong
sut trén ludi khi khong co thiét bi bu va
c6 thiét bi bu.

Mo hinh bai toan s& 1a t6i thiéu hoa chi
phi hoic tdi da hoa tién tiét kiém, thoa
mén cac rang budc ky thuat vé dién ap
nat:

{COST —min

(4)
SAVING — max

Vmin < Ni ‘ SVmax (5)

Trong do: V,
V

va gidi han trén cho phép cua di¢n ap nut.

la dién ap nut tha i;

min Vmax trong ung 1a cic gidi han dudi

2.2. Ing dung logic mé& bu téi wu

Logic mo bao gom 4 khau chinh: mo héa,
co so tri thire, co ché suy luan va giai mo
(hinh 1). Trong d6, co sé tri thac bao gom
cac co so dir liéu va luat mo, co so dit liéu
cung cap cac thdng tin can thiét cho qua
trinh mo hoa, co ché suy luan va giai mo.
Luat m& bao gébm céac quy tic ngdn ngi
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nham tao ra cac bién dau ra mong muén.

Co s6 tri thuc

Co so Luat
R dir ligu mo Piu
Pau ra
VélO \4 - \ 4
— > Mohoa —af €O Lo Gigi mo |
suy luan

Hinh 1. So’ dd khéi chirc nang logic me

Trong bai toan bu t6i wu cong suat phan
khang, 1y thuyét logic md duoc tng dung
tim vi tri thich hop lap dat ty bu nhim
dam bao hai tiéu chi: giam t6i muc toi
thiéu ton that cong suit tac dung trén ludi
va gitt dién ap cdc nit nam trong giGi han
cho phép. Bai toan s dung 02 bién vao
va 01 bién ra.

Bién vao 1: Chi s6 ton that cong suét tac
dung PLI dé dic trung cho ton that cong
sut tac dung. PLI dugc xac dinh nhu sau:

Ap(i) _AP(min)
PLIjy=——_— (6)
AP(maX) _AP(min)
Trong do:
AP(i) =AR, —APZ(D: Do giam ton that

cong suit tac dung trong ludi;
AP, : Téng ton that cong sut tac dung
trong ludi khi khong bu;

APy Tong ton thit cong suat tac dung
trong ludi khi bu hét phy tai phan khang
tai nat i;

AP

(max)

=max{AP(i)

luong giam ton thit cong suit tac dung
trong ludi khi khong bu va khi bu hét phu
tai phan khang tai nut thir i.

} gia tri 16n nhét cua
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AP

i) :min{ARi)} gia tri nho nhat cta
luong giam ton thit cong suat tic dung
trong ludi khi khong bu va khi bu hét phu
tai phan khang tai nut thir i.

Luong giam ton thit cong suat tac dung
trong ludi duogc ti€u chuin héa mot cach
tuyén tinh bang cac chi sé PLI, nhan gia
tri trong khoang [0, 1], v&i luong giam
t6n that cong sudt tic dung 16n nhat nhan
gia tri 1 va luong giam ton that cong suat
tac dung nho nhét nhan gia trj 0.

Bién vao 2: Pién ap nut cua ludi trong hé
don vi tuong déi (p.u) V,:

* V'
Vo =— 7
TV (7
0,9<V’ <11 (8)

Trong d6: V, 1a dién ap nut i; V, la dién
ap dinh muc cua ludi.

Bién ra: Chi s thich hop dé dat tu bu tai
nat i la CSI;, nhan gia tri trong khodng
[0, 1]. CSI cuia nat nao cang 16n thi nat do
cang thich hop dé lip dat tu bu.

Pé x4c dinh dung luong bu cho ting nit,
ta su dung thuat todn tim kiém thuc
nghi¢m. Bu cho ting nut theo tha tu CSI
giam dan v6i dung lugng bu ting dan theo
timg budc nguyén QF . Vi mdi gia tri
ciia Qg , tién hanh tinh ché do xac lap dé
xac dinh dong dién, ton that cong sudt tac
dung, ham tiét kiém va dién ap tai céc n(t.
Sau mdi lan ting dung luwong bu theo
budc ro , phai kiém tra rang budc dién
&4p nat theo diéu kién (8) va sy gia ting
ctia ham tiét kiém (3). Dung luong bu t6i

uu tai nut 1a dung luong bu lam cho ham
tiét kiém dat gia tri cuc dai. Khi khong c6
su gia ting ctia ham tiét kiém, dung luong
bu tai nat da dat gia tri tdi wu, tiép tuc
chuyén sang tinh toan cho cac nat thich
hop tiép theo. Néu ham tiét kiém khi tinh
todn ¢ nat sau ma khong co su gia tang so
vol nat trudc va rang budc dién ap
thoa mén thi bai toan da co 16 giai toi vu

(hinh 2).

Xay dyng so db ludi dién
v

Tinh ché do xac lap va xac dinh PLI, Vi

7

Pinh nghia cac tdp mo vao, ra; tinh CSI va
phan loai cac nut theo CSI giam dan

)l
Y
Lép tu bu vao nit ¢ CSI 16n, ting
dan dung lugng tu bu va tinh ham
tiet kiém tong

Tién hanh

vai nit co No

CSI nho
hon

A Yes

Ham tiét kiém
tong gia tang?

D& tu dién cuodi cung dugc thém
vao nit

Hinh 2. Lwu d6 thuat toan

3. BAI TOAN AP DUNG

Pé xac dinh vi tri dat tu bd t6i wu cong
suit phan khang bang logic mo, mot phan
lusi dién trung &p xuat tuyén 22kV 16
E973 dién lyc Pan Phugng sé dugc xem
Xét, tinh toan [8].
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So db ludi dién duoc xay dung trén phan [ NGt PLI v s
mém Matlab/Simulink (hinh 3) nhim > 204954 | 0.09453538 | 0245
thuan loi khi &p dung cdng cu FIS (Fuzzy ’ ’ ’
Inference System) tinh toan bai toan logic 3 | 0,12354464 | 0,99445035 | 0,217
ma trong Matlab. 4 | 0,24880184 | 0,99430549 | 0,25
Bang 1. Két qua tinh toan PLI va V* 5 0 0,99444484 0,08
NGt | pLy v cs| 6 | 025135536 | 0,99130275 | 0,25
0 1 7 1 0,99001237 0,5
1 0,01913369 | 0,99530142 | 0,117 8 0,82485962 | 0,98983208 0,5

Hinh 3. So dd Iwei dién

Sau khi xay dung so dd ludi dién va tinh
toan ché do xac lap, ta xac dinh duoc cac
bién dau vao PLI va V,” (bang 1). Chon 5
ham thuoc cho céac bién vao 1a chi sb ton
that cong suat tac dung PLI, dién ap tuong
d6i cua nat V,"va chi sb thich hop dit tu
bu CSI gom T (thap), TBT (trung binh
thap), TB (trung biph,) TBC ('grung binh
cao) va C (cao). Mién gié tri bién dau vz‘;o
1 1a PLI = {0+ 1}, mién gi& tri cua bién
dau vao 2 1a V" = {0.9 + 1.1}, mién gia
tri cta bién dau ra la CsI = {0+ 1}. Luat
hop thanh mo mo ta moi quan hé gitra cac

bién vao - ra dugc thé hién trong bang 2
va hinh 4.

Dé xac dinh cac bién dau ra CSI theo cac
bién dau vao PLI vaVv’, ta tién hanh xay
dung méi quan hé cac bién bang ung
dung FIS trong Matlab trong d6 st dung
cac ham thudc c6 dang hinh tam giac va
hinh thang chuéan kiéu Mamdani.

Tir két qua tinh toan CSI (bang 1), ta sip
xép cac nut theo thir tu giam dan cua CSI
d6 1a: 7, 8, 6, 4, 2, 3, 1, 5. Tién hanh b
1an lugt theo thir ty tirng nit, trong do6 sap
xép v6i dung lugng bu ting dan theo ting
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bude sd nguyén Q% = 150 kVAr. Sau mdi
lan tang dung luwong b phai kiém tra cac
dién ap nut c6 nam trong gidi han cho
phép hay khong dong thoi kiém tra sy gia
tang cta ham tiét kiém hang nam theo (3),
trong d6 chon K¢ = 0.1 $/kWh, K, = 120
$/kW, K¢ =5 $/kVAr.

Bang 2. Luat hgp thanh m¢

VA

TBL L

PLI
File Edit View Options
PLI= 0.674 Vol = 0.985 CS1=0.416
1= O
2 O o |
3 O 4 RN
4 B
5 i
6 |
7 AN |
8 2N
9 TES
10 1
11
12
13
14 -
15 L
16 N |
17 == =
18 : F
19 LN
20 o . -
21 —
22 = AN
23 =
24 = AN
25 — - n ——
Input 19 6743;0.9845] Plot LE love len]rignﬂdo... up
Opened sy P _2, 25 rules Hep | Close |

Hinh 4. Mé ta quan hé giira cac bién vao - ra
trong FIS

Két qua tinh toan bu tai nat 7 cho thay khi
bl véi dung luong 750 kVAr thi ham tiét
kiém tang cuc dai va khi tang thém dung
luong bu thi ham tiét kiém giam (hinh 5).

Dong thoi kiém tra diéu kién dién ap cac
nat déu nam trong gidi han cho phép. Do
viy dung luong bu 750 kVAr 1a téi uu
cho nat 7. Tién hanh bu cho nut tiép theo
la nat 8, tir két qua tinh toan (hinh 6) ta
thdy rang ham tiép kiém hang nim khong
ting ma giam dan khi ting dung luong bu
nén dung bai toan.

1500

&
o
o
o

TIET KIE
a1
o 8
150
0 )
0 |
o0 ()

Dung lwgng bu(kVAr)

Hinh 5. Tinh toan bu cho nat 7

@%

Dung Iwgng bu(kVAr)

2000
1000
0
-1000
-2000

TIET KIEM ($)
150 ]
300 [
450 []
600 |

-3000
-4000

Hinh 6. Tinh toan bt cho nut 8

5. KET LUAN

Bai toan bu cong suat phan khang 12 bai
toan kinh té voi viéc tim vi tri va dung
luong tu bu thich hgp, sao cho chi phi 1a
nho nhat hodc tiét kiém hang nim 1a 16n
nhit, c6 nhidu phuong phap khic nhau
giai bai todn trén, trong do ung dung ly
thuyét logic mo 6 thé giup tim vi tri lap
dat t6i wru tu bu trén ludi.

Bai bao tmg dung 1y thuyét logic mo cho
bai toan xac dinh vi tri bu toi vu cong suat
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phan khang cho 01 xuit tuyén duong day  t6i wu tu bu tai nat 7 voi dung luong bu
trung 4p véi hai bién vao (PLIva V") va  750kVAr, dong thoi dam bao diéu kién

mot bién ra (CSI), két qua cho thiy tng

dién 4p cac nuat nam trong gioi han cho

dung 1y thuyét logic mo gitp tim vi tri dat phep.

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

TAI LIEU THAM KHAO

H. Chin, W. Lin, Capacitor placement for distribution systems with fuzzy algorithm, in Procceeding of
1994 IEEE Region 10's Ninth Annual International Conference, vol. 2, pp. 1025-1029.

H.N. Ng, and others, Classification of capacitor allocation techniques, IEEE Transactions on Power
Delivery, vol. 15, pp. 387-392, 2000.

S.F. Mekhamer and others, Application of Fuzzy Logic for Reactive-Power Compensation of Radial
Distribution Feeders, IEEE Transactions on Power Systems, Vol.18, No.1, pp.206-213, 2003.

Benemar Alencar de Souza, and others, Microgenetic Algorithms and Fuzzy Logic Applied to the
Optimal Placement of Capacitor Banks in Distribution Networks, IEEE transaction on power system,
Vol.19, No.2, pp. 942-947, 2004.

Marjan Ladjavardi, and others, Genetically Optimized Fuzzy Placement and Sizing of Capacitor Banks in
Distorted Distribution Networks, IEEE Transactions on Power Delivery, Vol. 23, No.1, pp. 449-456,
2008.

Nghi dinh 137/2013/ND-CP ngay 21/10/2013 cta Thu tudng Chinh pht, Quy dinh chi tiét thi hanh mot
s6 didu clia Luat Dién Iuc va Luét stra d6i, b6 sung mot s8 diéu cla Luat Dién luc.

Thong tu s6 15/2014/TT-BCT ngay 28/5/2014 cta BO c6ng thuong, Quy dinh v&é mua ban cong suat
phan khang.

Bui Manh Hudng, S dung logic ma tinh toan bl t6i uu cong sudt phan khang trong Iudgi dién phan
ph6i - Ap dung cho xudt tuyén trong Iudi dién phan phdi Ha NGi, Luan van thac si ky thuéat, TruGng Dai
hoc bién luc, 2015.

Gi¢i thiéu tac gia:

Tac gida Déng Viét Hung t6t nghiép dai hoc va nhén bdng Thac si nganh hé thdng
dién tai Trudng Dai hoc Bach khoa Ha Noi vao cac ndm 2002 va 2004; nhén bang
Tién si nganh ky thudt dién ndm 2010 tai Trudng Ecole Centrale de Lyon (Cong hoa
Phap); tham gia nghién c(tu sau tién si (postdoctorat) tai Lab. Ampere (Lyon, Cong
hoa Phap) tr 2011 dén 2012.

Linh vuc nghién cltu: chdt lugng dién nang, vat liéu dién, ¢ng dung dién tor
cbng suat.

Téc gida Nguyén Phic Huy t&t nghiép dai hoc va nhan béng Thac si nganh hé thdng
dién tai TruGng Dai hoc Bach khoa Ha NGi vao cac nam 2003 va 2010; nam 2015
nhan bang Tién si hé théng dién va tu dong hoa tai Trudng Pai hoc Dién luc Hoa Bac,
Béc Kinh, Trung Qudc.

Linh vuc nghién cltu: chat lugng dién ndng, Ung dung dién tir cong suat, do tin cay
cla hé thong dién.

SO0 15 thang 2-2018 59



