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TiINH TOAN VI TRi VA DUNG LUQNG BU TOI UU TRONG LUOI PIEN
TRUNG AP XET PEN TINH NGAU NHIEN CUA PHU TAI

Vii Van Thang*!, Nguyén Vin Vién%, Tri¢u Pirc Tung’
“Truong Dai hoc K3 thudt Cong nghiép — DH Thai Nguyén,
2Co*ng ty Dién luc Bdc Kan

TOM TAT

Nghién ctru nay gidi thiéu phuong phap tinh toan vi tri va dung luong bu t6i wu cua tu dién xét dén
tinh ngiu nhién ctia phu tai va thong sO tiéu chudn cua thiét bi bu trong ludi dién phan phdi
(LBPP). Ham muc tiéu cyc tiéu ton that dién ning trong khoang thoi gian xét dugce dé xut véi cac
rang budc dam bao yéu cau van hanh cua LDPP nhu giéi han dién dién ap nit, gii han cong suat
truyén tai cua dudong diy va rang budc cin bang cong sudt nit. Chuong trinh tinh toan dugc lap
bang ngdn ngir 1ap trinh the general algebraic modeling system (GAMS) va tinh toan kiém tra trén
LDPP qui mé 16n. Két qua tinh toan dwoc so sanh véi phuong phap tinh toan bu theo tai xac dinh
dé danh gia hiéu qua ctia mo hinh dé xuét.
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ABSTRACT

In this research, a model selecting optimal allocation and sizing of capacitors in medium voltage
distribution system is proposed which considers the stochastic loads and the standard capacities
being discrete values of capacitors. The model includes objective function that is electrical energy
loss minimizing during calculation period and constrains to guarantee operation of distribution
system as bus power balance contrains, bus voltage limit, and capacity limit of feeders.The
calculation is programmed by GAMS programming language and tested on large scale medium
voltage distribution system. The calculation rerults by proposed model are compared with methods
which utilize fix loads to evaluate effect of proposed method.
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GIOI THIEU

To6n that cong sudt, ton that dién ning va ton
that dién ap trong LDPP thuong rat 1on do
dién ap van hanh nho, tong tré dudng day 16m,
mat do phu tai cao va it thiét bi diéu chinh
dién ap. Vi vay, viéc nghién clru cac giai phap
giam ton that, ning cao hiéu qua cua LDPP da
dugce thuc hién tir rat sém. Trong do, bu cong
suat phan khang (CSPK) bang tu dién 1a giai
phap dd duoc st dung phd bién bai chi phi
diu tu ré, suit tiéu hao dién nang nho, khong
bi han ché vi tri 1ip dat dong thoi giam ton
that va tri hodn nang cip hé thong [1].

Nhiéu cong nghé ché tao tu dién véi tudi tho
ngdy cang cao, ton that nho va chi phi ngay
cang ré da duogc gidi thi€u va nghién cuu su
dung trong LDPP nhim néng cao hiéu qua
kinh té ciing nhu cai thién ton that va nang
cao dién ap cua ludi [2] [3]. Tu dién c6 thé
van hanh véi cong suét cd dinh, chi phi dau tu
ré nhung hiéu qua bu thap do khong dap ung
dugc tit ca cac trang thai van hanh, dac biét
khi phy tai thay dbi 16n. Khic phuc nhuoc
diém trén, cac b bu CSPK duoc van hanh
v6i cong sudt thay d6i da dugc gidi thidu. Bu
¢6 cap duge sir dung trong ludi dién ha ap do
chi phi cho thiét bi dong cit nho. Bu vo cip
(Static VAR Compensator - SVC) ¢6 hiéu qua
bu 16n nhit do dap mg dugc moi trang thai
van hanh cua ludi tuy nhién chi phi du tu cua
SVC rét 16n nén kho canh tranh trong thuc
tién. Vi vay, trong LDPP trung 4p thuong s
dung thiét bi bu c6 cong suét c6 dinh.

Nhiéu mé hinh tinh toan vi tri va dung luong
bu cua tu dién di dugc gi6i thidu. Phd bién
nhit hién nay 1a mo hinh dya vao cong suat
tac dung (CSTD) va nang cao hé sd cong suat
cos¢ hodc cuc tiéu chi phi ¢ ché do phu tai
cuc dai [1] [3]. Cac md hinh trén khong xét
dén cac rang budc van hanh cua ludi nén co
thé khong dam bao cho LDPP lam viéc. Ham
muc tiéu cuc tiéu chi phi ton that va dau tu tu
dién duoc gidi thiéu trong cac nghién ciru [4]-
[6]. Tuy viy, t6n that trong LDPP c6 gia tri
l6n va yéu cau vé do léch dién ap cao nén

ham muyc tiéu cyc tiéu ton that cong sudt hodc
ton that dién ning cling duoc sir dung rong rai
nhu trong cac nghién ctru [7] [8]. Cac rang
budc d¢ 1éch dién ap nut, gidi han cong suét
clia cac duong day va cong suit bu trong ché
d6 phu tai cuc dai duoc dé xuat dé dam bao
yéu cau van hanh cua ludi. Tuy nhién, thay
d6i cia phu tai da khong duge xem xét trong
céc nghién ctu trén dong thoi cong suét cua
tu bu duoc gia thiét 1a lién tuc nhung chung la
nhu’ng gia tri roi rac theo tiéu chuan trong
thuc té.

Vi véy, nghién ctru ndy dé xuit mé hinh tinh
toan vi tri va dung luong bu tdi wu trong
LDPP trung ap, sir dung tu bu tinh véi ham
muc tiéu cuc tiéu ton that dién nang trong thoi
gian tinh toan. Cac rang budc dam bao gioi
han van hanh cua lu6i dugc téng hop trong
mod hinh véi cong sult roi rac cua tu bu va
thay doi cia tai theo mé hinh xac suét.

Phan tiép theo cua bai béo s& gidi thiéu mo
hinh ngiu nhién cua phu tai va mé hinh toan,
két qua tinh toan va két luan.

MO HINH XAC SUAT CUA PHU TAI

Phu tai dién luon thay d6i theo thoi gian va
mang tinh ngau nhién. Vi vay, viéc tinh toan
céc bai toan trong hé théng dién néi chung va
LDPP n6i riéng theo thong so tai khong doi s&
gip sai s6 16n. Trong nhitng nghién ctru gan
day, nhiéu mé hinh biéu dién thay doi ctia phu
tai theo cac mo hinh xac suat di dwoc giGi
thiéu va chi ra réng, X4c sudt cla phu tai
thuong duoc phan bd theo ham mat do xac
suit chuan [9] [10] va duoc biéu dién nhu
biéu thirc (1).

P(X =x| u,o%)

x-a @
20°

Trong do: p1a gia tri trung binh cta dai 1u:0’ng
ngiu nhién X, o 1a d6 léch chuan va o la
phuong sai.

MO HINH TOI UU

Pé danh gia hiéu qua cua phuong phap dé
xudt, nghién ciu nay tinh todn va so sénh
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gitta md hinh duoc st dung phd bién hién
nay, md hinh 1, véi mé hinh dugc dé xuét,
mé hinh 2. Chi tiét cac m6 hinh toan dugc
trinh bay dudi day.

M6 hinh 1 (MH1)

Nhu da gidi thiéu trong [1], phuong phap pho
bién dugc su dung trong thuc té hién nay dé
tinh todn dung lugng bu 1a xac dinh theo cong
suat khong doi va hé sé cong suat cosp & ché
d6 cyc dai nhu biéu thirc (2).

- I:’max (tan 2 tan (02) (2)
la cdng
suat tac dung & ché do cuc dai; tang, tang, 1a

Trong do: Q la dung lugng bu; P

hé sb cong suat trudc va sau khi bu.

Muc tiéu cua phuong phap nay la nang cao hé
5O cong suat CcosQ tir d6 giam ton that cong
suat va ton that dién ap. Tuy nhién, phuong
phap nay khong dam bao dugc do léch dién
ap tai cac phu tai cling nhu khong xac dinh
duoc chinh xac vi tri bu trong LDPP. Ngoai
ra, anh huong cua sy thay doi ciia phu tai boi
tinh ngiu nhién va tang truong theo thoi gian
khong dugce xem xét nén hiéu qua cia thiét bi
bu s€ giam.

M6 hinh 2 (MH2)

Trong md hinh nay, anh hudng cua tai ngau
nhién dugc xét dén va dugc biéu dién boi
cong sudt tai va xac sudt twong Umg tai mdi
trang thai xem xét. Ham muc ti€u la cyc tiéu
tong ton that dién ning trong thodi gian tinh
toan T bao gdm ton that trén duong ddy AA,
va trong ban than tu bu AA ¢ nam t nhu tI‘ll’lh
bay trong biéu thirc (3).

AA, = Z (AAf o AA:.t) (3)

Tén that dién ning trén duong diy cia LDPP
khi xét dén tai ngiu nhién ¢ niam t dwoc xac
dinh theo biéu thirc (4) v&i x4c suét tai & trang
thai k 1a 4 va N, 1a s trang thai tinh toan.

Ny
AA, =8760.) AP, .4,

k=1
1 N N
APl,k :EZZGU (4)
i=l j=1

[U” k +UJ tk 2Ui,t,k'Uj,t,k COS(5J,k _5i,k):|

Trong do: AP, la ton that cong suét trong trang

thai k, Ui,t,ka Io)

ap Nt i tai moi trang thai; G, la dién dan cia

tx 1amodul va goc pha cua dién

dudng day ij va N 1a tong sé nat cua LDPP.

Ton that dién nang cua ban than tu dién dugc
xac dinh theo hé so ton that va phu thudc vao
cong suat cta tu nhu biéu thire sau [1] [11].

NC
=8760.) Q,; k. ®)
i=1

Trong do: Q,;, 1a cong suét bu tai nat i, nam t;
k. 1a h¢ s6 ton that cong suat cua ban than ty
va N, la sb nut c6 thé lya chon bu.

Thong s6 ché do cia LDPP dugc tinh toan
boi rang budc cén bang cong suat nat AC
trong trang thai tinh toan k nhu biéu thurc (6).

|[k kall i,t,k_

‘Y \ Uil \U“k\ COS(6, + 6,4 — i) ©)

Qi,t,k + Qb.i,t _Qi,t,k =
_ i v

ij

"Ui,l,kHU j,t,k"Sin(‘gij + 5j,t,k - é‘i,t,k)

Trong do: P}, va Q° " lacong suat nhan tir

ngudn; Y;;» 6; lamodul va goc 1éch cua tong

dan nhanh. U

ctia dién ap nit; P;y, va Q;x 1a cong suat cua
phu tai i, xac dinh theo biéu thirc (7) vai hé so
tai trong trang thai k 1a k. P, va Q, la cong

itk O 12 modul va goc pha

suat cua tai & niam t v6i hé s6 phét trién mai
nam la Kyt -

Pitk = P‘ oKe; Qitk zQi,t'kk

|t =Tt 1(1+k ); Qi,t :Qi,t—1(1+kpt)

Cong suét cua tu bu la nhitng gia tri roi rac,
tiéu chuan héa dé giam chi phi san xuat. Do
d6, nghién clru nay dé xuat rang budc lya
chon cong suat bu theo céac gia tri o1 rac vdi
bién nhi phan s tai moi tai chi lwa chon

(7)

dau tu mot 1an dé giam chi phi lip dat voi
rang bugc nhu bicu thirc (8). Trong d6, Q;; la
cong suat tiéu chuan thu j va N, la tong s6

cong suat ti€u chuan cua ty.
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N;

a; (8)

e

M—c

Qo =aj,i‘t'Qc.j;

j=lt

’ﬁ‘

Pé dam bao van hanh an toan LDPP, tranh
qué tai, cong suat truyén tai trén duong day
Six can thoa man diéu kién gidi han cua
duong day nhu biéu thic (9) v6i cong suat
gi6i han cla duong day ij 14 S; .

i < Siy ©)

Ngoai ra, dién 4p tai mdi phu tai thay doi rat
16n theo ché do lam viéc cua ludi va gia tri
clia phu tai. Vi vy, do 1éch dién ap & tat ca
cac nut duoc gidi han nhu biéu thie (10) véi
dién ap tai cac nit ngudn gia thiét ludn la
hang sO.

<|U; e €U e ieN,

mln -
. (10)
U, | = constant i eNg
Trong do: U, 1a dién ap nit & mdi trang
thai tinh toan; U, U
N¢,N, 14 tong sd nat ngudn va nut tai.

. 12 gidi han dién ap;

Céc mo hinh tinh todn trén dugc lap chuong
trinh tinh toan bang ngdn ngit 1ap trinh
GAMS [12] va dugc tinh toan ap dung trong
LDPP qui m6 16n nhu dudi day.

0] — TEA
B o
— 03
19+ 4> 04 [P 23
20+ L 05 [+ 24
Ad— o Lo
22<'|_ _I_> 07
4> 08 | : 20
—> 09 27
—> g [P 28
— 11 —> 29
—H 1> —P 30
—H 13 b3
_I'> 14 _|.> 32
s L g
—> 16
— 17
—> 18
Hinh 1. So d6 LBPP
TINH TOAN AP DUNG

Nhiing gia thiét va tham s ciia thiét bi

M5 hinh va chuong trinh tinh toan duoc kiém
tra trén so d6 LDPP 33 nat, dién ap 22 kV
nhu trén hinh 1. Phu tai cuc dai va thong sb
cua ludi dién trong PL1 va PL2.

Gia thiét, xac suat cla tai tuan theo ham phan
bd chuin nhu hinh 2. Tir db thi phan bd xéac
sudt cho thdy, s luong cac trang thai 1a rat
16n va viéc lua chon s trang thai tinh toan la
rat quan trong. SO luong trang thai nho s€ gay
sai s6 16n va nguoc lai ) trang thai 16n s€
lam tang khoi lugng tinh toan. Do d6, d¢ dam
bao giira tinh chinh x4c va khdi lugng tinh
todn nghién ctu lua chon ) luong trang thai
la 15, twong tmg voi hé sb tai thay dbi tir 0,3
dén 1 v6i mdi bude ting 1a 0,05.
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0 o7
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Hé sé tai

Xac suét

Hinh 2. Phdn bé xdc sudt cia tdi
Cong suit tidu chuan cua ty bu bao gdm 150,
225, 300, 400, 450, 500, 600, 750, 900, 1200,
1500, 1800 kVAR véi k. = 0,15 W/KVAR [1]
[11]. Bién ap U; = 1,1 pu, Upin = 0,9 pu, Upax
= 1,1 pu. Hé s phat trién ciia tai ky = 3% va
thoi gian tinh toan 1a 5 nam.
Két qua tinh toan
Tinh toan trong 3 truong hop, truong hop
khéng bu (THO), truong hop bu theo MH1
(TH1)va truong hop bu theo MH2 (TH2) xéc
dinh dugc thong s6 bu cia LDPP nhu trén
bang 1. Trong TH1, téng cong suat bu 1a 8000
kVAR nhung khong xac dinh dugc vi tri bu
voi gia thiét dat tai nat 18 va 33 mdi nat 4000
KVAR thi t6n thit dién ning giam duogc
0,33%. Tuong tu, TH2 lya chon duogc vi tri bu
tdi wu 1a nat 18 & ndm dau tién va nat 33 nim
thir 2 voi cong suét tai mdi nit 1a 1800 KVAR.
Tén thit dién ning chi con 2,92% tuong tng
giam duogc tdi 1,02% so voi THO.
So sanh trén cho thdy, khi xét dén thay doi
clia tai theo mo hinh dé xuét ton that da giam
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dugc 0,74% so voi THI trong khi cong suat
bu can dau tu giam duoc 4400 kVAR tuong
g 55%. Két qua trén co duoc do TH2 xét
dén thay ddi cia tai da giam dwoc hién tuong
qua bu trong nhimg khoang thoi gian thap
diém. Hon nita, m6 hinh cho phép lya chon
dugc cong suat cua thiét bi bu 14 nhiing gia tri
10i rac theo thong sd cua nha san xuat.
Bang 1. So sanh théng sé bi

TT  Chitiew  THO THL  TH2

Cong suit bu 1800 (18, 1)
(ndti, ndmt), - '

1 Qe ) 8000 1800 (33, 2)
kVAR

) Tf>n thoat dién 3,99 3,66 2,92
nang, %

3 S0sanh ton that 0,33

TH1 véi THO, %

So sanh tdn thét
4 TH2 véi THO, % 1,02

Dién ap 16n nhat va nho nhat khi thuc hién bu
trong ca 2 truong hop déu dam bao yéu ciu
VvGi gia tri nho nhat 1a 0,92 pu ¢ nat 18, nim
thir 5 va dién ap 16n nhét 1a 1.1pu nhu trinh
bay trén hinh 3. Dién ap dugc hd tro 16n nhat
& nit 18 1a 21% tir 0,83 pu trong THO Ién
1,05 pu & THI.

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33

------- Umax, THO
——Umin, THO

=--- Umax, TH1
—%— Umin, TH1

""""" Umax, TH2
—=&— Umin, TH2

NGt
Hinh 3. Pién dp it cwee dai va cuec tiéu
Hinh 4 trinh bay dién ap tai nut 18, nit xa
ngu@)n va duogc lya chon bu, nam thir 5 voi 14
trang thai ctia phu tai cho thdy, dién ap nut
déu dugc cai thién trong moi trang thai va
dam bao trong gidi han cho phép. Dién ap
dugc nang cao tir 6,4% dén 21% trong TH1

va tir 6,4% dén 8,6% trong TH2.

Kk ---e---THO —=—TH1 —+— TH2
21 12

18 11

15 J oo, 1
Rt TP

12 e 0.9

0.9 W 0.8
0.6 Tﬂ—l HH }» o7
03 '_‘l ,—Il I_Il |_|| |_|| |_||| T T T T T 06

Heé sé tai

1 23456 7 8 91011121314
Trang thai tinh toan (k)

Hinh 4. Pién ap nit 18, nam thir 5 ¢ trang thai
van hanh k

Két qua tinh toan kiém tra cho thiy, mé hinh
va chuong trinh tinh toan phu hop véi LDPP
qui mé 16n trong thuc tién. Khi xét dén tinh
ngiu nhién cia phu tai, ton thit dién ning
giam ddng thoi dién ap nut ludn dam bao do
1éch cho phép mic du cong suét bu can dau tu
giam dan dén chi phi dau tu giam. Vi vy,
hi€u qua bu da duoc nang cao. Hon niia, vi tri
va cong suét bu duoc lya chon véi thong $6
tiéu chudn cua thiét bi di ting kha ning ung
dung trong thyc tién.
KET LUAN
M0 hinh tinh toan vi tri, dung lugng bu toi wu
da dugc dé xuat trong nghién ciru nay cho
phép xét dén tinh ngiu nhién cua phu tai va
cong sut tiéu chuén cua ty bu. Cong suét bu
duoc Iya chon dong thoi vé6i vi tri 1ap dat, tén
that dién ning cuc tiéu trong thoi gian tinh
toan dugc xac dinh dong thoi dam bao giGi
han dién ap tai cic nat va cong suét truyén tai
ciia duong diy. Tinh toan kiém tra bing
chuong trinh tinh toan dugc 1ap boi ngon ngir
lap trinh GAMS cho thiy, phuong phap dé
xudt 1a phit hop v6i LBPP 16n trong thyc tién,
cac chi tiéu ky thudt dugc nang cao. Tuy
nhién, chi phi ddu tu cta tu bu chua dugc
xem xét vi vdy trong cac nghién ctru tiép theo
can phai bd sung chi tiéu nay dé nang cao
hiéu qua kinh té cua phuong an bu.

Dién ap, pu
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PL1. Théng sé cua tdi

Nat Pio, Qio, Nat  Pi, Qio,
tai kW kKVAr  tai kW kVAr

2 240 192 17 432 384
3 348 283 18 588 528
4 384 300 19 228 168
5 192 156 20 348 264
6 432 372 21 228 168
7 360 360 22 468 408
8 360 360 23 468 420
9 192 144 24 504 420
10 264 192 25 264 240
11 174 132 26 792 630
12 192 162 27 672 630
13 552 522 28 432 372
14 264 216 29 504 444
15 672 552 30 360 240
16 312 240 31 660 564

Tong 12,810 10,040

PL2. Théng sé Ciia dwong day

Nat  S;.» Ry Xi  Nat S;.» Ry X,

ijt’

j MVA 2 @ i mvAa 2 Q
1,2 26 0,15 0,38 17,18 8 2,37 1,67
2,3 26 031 0,75 2,19 8 1,78 1,25
3,4 26 0,08 0,19 1920 8 1,18 0,84
4,5 26 023 0,57 2021 8 1,48 1,05
5,6 26 0,69 1,70 21,22 8 1,18 0,84
6,7 10 1,89 1,84 323 8 160 1,13
7.8 10 0,46 045 2324 8 1,18 0,84
8,9 10 0,63 0,61 24,25 8 1,48 1,05
9,10 10 0,50 0,49 6,26 10 1,18 1,14
10,11 10 0,84 0,82 26,27 10 1,39 1,35
11,12 10 1,26 122 27,28 10 1,47 143
12,13 8 1,07 0,75 28,29 10 1,89 1,84
13,14 8 0,83 059 29,30 8 1,18 0,84
14,15 8 1,12 0,79 30,31 8 2,07 1,46
15,16 8 1,84 1,30 31,32 8 2,37 1,67
16,17 8 0,95 067 32,33 8 2,13 1,50
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