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Tom tit: Nghién cuu nay gioi thiéu mo hinh qui hoach nngu nhién nham lua chon vi
tri, dung lwong bir t6i wu ciia tu dién trong lwdi dién phan phoi (LPPP) sau dé dwoc img
dung dé lya chon thong soé bii toi wu, danh gid hiéu qua bi ciia LPPP Tién Du. M6 hinh
16i wu xét dén tinh ngdu nhién ciia phu tai bang ham phdn phéi xdc sudt da nang cao dwoc
tinh chinh xdc ciia két qua dong thoi giam dwoe khoi lwong tinh todn. Théng s6 ché dj ciia
LDPP luon duoc dam bdo boi cac rang bugc dong thoi dung luong tu dwogc lya chon theo
gam céng sudt tieu chudn. Do d6, mé hinh qui hoach ngau nhién c6 thé img dung cho
LPPP [6m, véi cdu triic bt ky va ddp ieng gan hon yéu cau thuec tién.

Tir khoa: Qui hoach nglu nhién; Ludi dién phan phdi; Bu cong suét phan khang.
1. DPAT VAN DE

Bu cong suat phan khang (CSPK) 1a giai phdp co ban va da duge thyc hién rong rai dé giam
ton that cong suét, ton that dién nang va nang cao chat lugng dién trong LDPP néi chung va
LDPP trung ap noi riéng. Nhiéu thiét bi bu CSPK da duoc gidi thiu, trong d6, tu dién co6 do bén
cao, chi phi dau tu thip, sut tiéu hao dién ning nho va khong bi han ché vi tri lip dat. Phuong
thirc bu bang tu dién trong LDPP thuong sir dung phuong thirc bu cing trong LDPP trung ap dé
tan dung chi phi dau tu thap cia ty dién cao ap va bu co cép trong LDPP ha ap nham diéu chinh
dung luong bu dap tng sy thay ddi cia tai.

Nhiéu phuong phép tinh toan lya chon vi tri va dung luong bu di dugc gioi thiéu, trong do,
phuong phép dugc sir dung phd b1en 1a phuong phép bu néng cao hé sd cong suat. Phuong phap
nay gap sai s6 1on khi tai khong 6 6n dinh va c6 thé khong dam bao d6 1éch dién ap, kha nang tai
ctia duong diy. Gan day, nhiéu phuong phép tinh todn méi di dugc gidi thiéu cliing véi cac
chuong trinh tinh toan cho phep xet dén dong thoi nhiéu thong s6 cuia LDPP [1]. M6 hinh t6i wu
v6i ham muc tiéu cyc tiéu ton that dién nang dugc gidi thiéu trong [2] va dugc bd sung chi phi
dau tu cia tu dién trong [3], cac rang budc vé cong suat truyén tai va dién ap nut dam bao thong
s6 van hanh ctia LDPP. Tuy nhién, cac nghién ctru ndy chua xét dén thay doi cua tai, thuong
mang tinh ngau nhién.

Tinh ngiu nhién cta tai c6 thé duoc biéu dién bang mo hinh xac sudt cho phép giam duoc
trang thai tinh todn ma van dam bao dugc sai s6 nho. Phuong phap nay cho phép giam duge khdi
luong tinh toan va co thé ap dung cho cac LDPP 16n trong thuc tién [4]. M6 hinh t6i wu voi ham
muc tiéu cuc tiéu ton that dién ning dua trén xac sut cua tai dugc gi6i thiéu trong [5], thong sb
ché d6 cua LDPP trung ap dugc dam bao trong moi trang thai van hanh boi cac rang budc. Vi
vay, d6 chinh xac cta két qua tinh toan dugc nang lén dong thoi dam bao dugc thong s6 ché do
cua ludi dién trong moi trang thai van hanh. Tuy nhién, trong LDPP hi¢n nay dung lugng bu cua
tu dién thuong chi dugc lya chon theo phuong phap nang cao hé $6 cong suét va vi tri duoc lua
chon dua trén kinh nghiém ctia nguoi thiét ké nén hiéu qua cua giai phap bu khéng cao [6]. Vi
vay, nghién ciru nay mg dung mé hinh t6i uu xéac suat lya chon vi tri va dung lugng bu téi wu
cua tu dién déng thoi danh gia hi€u qua cta tu bu hién trang cua LDPP trung ap Tién Du. Tu do,
dé xuét giai phap bu t6i wu nhim ning cao hiéu qua bu cia ludi dién nay.

2. MO HINH TOAN

Mo hinh t6i vu xét dén thay ddi ngiu nhién cua phu tai véi ham muc tidu cuc tiéu ton tht
dién nang cia LDPP cung vdi cac rang budc cho phép dam bao hi€u qua bu va thong s6 van
hanh cta LDPP dugc trinh bay nhu dudi day.
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2.1. M6 hinh ngiu nhién cia tii dién

Nhu cau ciia tai dién lun thay d6i theo thoi gian, phu thugc vao nhiéu yeu t6 nhur nhu cau cia
khach hang, didu kién thoi tiét,... Nhidu nghién ctru da chi ra rang, thay d6i ciia phu tai mang tinh
ngau nhién va dugc biéu dién theo cac mo hinh xac sut [5]. Mo hinh duoc su dung phd bién 1a
moé hinh xé4c suat cta phu tai duoc phan bd theo ham mat do xac suat chuan va duoc biéu dién

nhu biéu thire (1).
M} (1)

1
Eexp[— 5o
trong d0, 4 1a gia tri trung binh ciia X, o'1a d¢ 1éch chuan va ¢° 1a phuong sai.
2.2. M6 hinh toan
2.2.1. Ham muc tiéu

P(X = x| u,62) = f(X) =

Anh hudng cia tai ngiu nhién dugc xét dén va dugc biéu dién boi cong sudt tai va xac suat
tuong rng tai moi trang thai xem xét. Ham muyc ti€u 1a cyc ti€u tong ton that dién nang trong thoi
gian tinh toan, T nam, bao gom ton that trén duong day AA,, va ban than tu bu AA, 6 namt

nhu trinh bay trong biéu thirc (2) [5].
;
AA =D (AA +AA,) 2)
t=1

To6n that dién ning trén duong diy ciia LDPP khi xét dén tai ngiu nhién ¢ nam t dugc xac
dinh theo biéu thuc (3) voi x4c suat tai ¢ trang thai k 1a 4, va N, 1a so trang thai tinh toan.

Ny
AA;, =8760.) AR, .4,
P
L ©
AR, ZEZ Gij-[ ok FU T —2U; U cos(5 _5i,k):|

i-1 j-1
trong do: AR, la t6n that cong suat trong trang thai k; U, Oi1x la modul va goc pha cua dién

ap nat i tai moi trang thai; G; la dién dan cua duong day ij va N 1a tong sb nuat ciia LDPP.

Ton thét dién nang cua ban than ty dién dugc xac dinh theo hé s6 ton that phu thudc vao cong
suat cua tu nhu biéu thirc sau:

NC
AA,, =8760.> Q,; Kk, 4)
i=1
trong d6: Q,;, 1a cong suit bu tai nat i, nim t; k_ 1a h¢ sb ton that cong suat clia ban than tu va
N, la s6 nut co thé lya chon bu.
2.2.2. Cac rang bugc
Théng sé ché d6 cua LDPP dugc tinh todn béi rang bude can bang cong suét nit AC trong
trang thai tinh toan k nhu bi€u thire (5) [5].
N
: k kc 'Qb.i,t - Pi,t,k = Z|Yu |'|Ui,t,k ||U jitk |'COS(0ij + 5j,t,k - é‘i,t,k)
(%)
Qis,;t,k +Qb.i,t |tk Z|Y|]| |U|tk| |thk| Sln(g +5j,t,k _é‘i,t,k)

trong do: PS5, va Q, lacong suat nhan tir ngudn; Y;;» 6; 1a modul va goc léch cua tong din
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nhanh. U, &, 1a modul va géc pha cua dién dp nlt; Pix va Qjix 1a cong suat cua phu tai i,

x4c dinh theo biéu thirc (6) voi hé 0 tai trong trang théi k la k; P, Q,, 1a cong suét cua tai &

nam t v&i hé sb phat trién mbi nam la Kot

Pk =Pk Qe =Qike P.=R i @+k,); Q:=Q ., @A+k,) (6)

Cong suét cua ty bu 1a nhitng gia tri roi rac, tiéu chuan hoa dé giam chi phi san xuit. Do do,
nghién cuu néy dé xuat rang budc lua chon céng suat bu theo cac gia tri roi rac vdi bién nhi phan
a;i. tai mdi tai chi Iya chon dau tu mot lan dé giam chi phi 1ap dit véi rang budce nhu biéu thirc

(7). Trong d6, Q; ; 1a cong suét tiéu chuan cua loai thir j va N t:! tong s loai cong suat tiéu

chuan cua tu.

=4

J

Qb.i,t = thQCJ’ Zajlt (7)

I\
JuN

Pé dam bao van hanh an toan LDPP, tranh qua tai, cong sudt truyén tai trén duong day Sijt

can thoa man diéu kién giéi han cua duong diy nhu biéu thic (8) véi cong suat giéi han cua
duong day ijla S;,.

Sy <Si (8)

Ngoai ra, dién 4p tai mdi phu tai thay ddi rat 16m theo ché do 1am viéc cua ludi va gia tri clia
phu tai. Vi vay, do 1éch dién ap ¢ tat ca cac nat dugc gidi han nhu biéu thuc (9) voi dién ap tai
cac nit ngudn gia thiet ludn l1a hang so.

<U; 4| <Upe PN U, |=constant ieN 9)

mln -

trong do: U,,, 1a dién 4p nat & mdi trang thai tinh toan; U,;,,U ., 12 gi6i han dién 4p; Ng,N_
1a tong s nat ngudn va nut tai.
2.3. Cong cu tinh toan

Mo hinh tinh toan dugc 1ap trinh bang ngén ngir 1ap trinh The General Algebraic Modeling

System (GAMS) [7] va dugc gidi bdi BONMIN solver.
3. TINH TOAN, PANH GIA HIEU QUA BU
CUA LOQ 478-E27.1 LUGI PIEN PHAN PHOI TIEN DU

3.1. So @6 va thong sb ciia 19 478-E27.1

Lo 478-E27.1 hién sir dung nhiéu ching loai day d:fm gom Cu-185 va AC-185 cho céc truc
chinh, AC-95 va AC-70 cho cac nhénh r& véi tong chicu dai 1a 20,3 km. Cung cap di¢n cho 58
may bién ap (MBA) véi tong cong suat 1a 18,4 MVA, hé so tai cua cac MBA kha thap, trung
binh 1a 0,68 va hé s6 cosp cua téiﬂ trung binh chi 1a 0,83. Hién trang, 16 478-E27.1 da duoc lap
dat cac tu bu cing tai 2 vi tri v6i tong dung lwgng bu 1a 900 kVAR.

Bdng 1. Vi tri va dung lwong bu hién trang.

H.1 H.2 Vitri(mi) .3 Dung lwong (kVAR)
H. 4 H.5 9 H.6 300
H.7 H.8 23 H.9 600
H. 10 H.11 Téng H.12 900

Cong suét ciia cac phu tai thay doi rat 16n trong mdi gio van hanh va thay d6i theo muia trong

90 V.V.Thing, N.H. Trung, N. T. H. Huyén, “Ung dung mé hinh ... lw6i dién phén phoi Tién Du.”



Nghién ciru khoa hoc cong nghé

nam [6]. Tu dir liéu phu tai, biéu dién theo cac ham phan phéi xac suat chuan, xac dinh duoc gié tri
cua tai tuong Umg vdi xac suat xuat hién nhu bang 2. H¢ s6 tai thay doi tir 0,25 (trong gid thap
dlem) dén 1 (gio cao dlem) trong ng xac suat thay d6i tir 0,001 dén 0,152 va hé s6 tai 0,6 co xac
suat 1on nhét 13 0,152. Tdc do phat trién ciia phu tai cia LDPP trong giai doan 2021-2025 la 11.5%.

Bing 2. Xdc sudt cia tdi.

H.14 Hé so tgi | H.15 Xdc suat H.17 Hé so tai H.18 Xdc sudt
e TT (k) () |" T (i) ()
H.19 1 H.20 1 H.21 0,001 H.22 9 H.23 0,6 H.24 0,152
H.25 2 H.26 0,95 H.27 0,006 | H.28 10 H.29 0,55 H.30 0,134
H.31 3 H.32 0,9 H.33 0,012 H.34 11 H.35 0,5 H.36 0,102
H.37 4 H.38 0,85 H.39 0,031 | H.40 12 H.41 0,45 H.42 0,067
H.43 5 H.44 0,8 H.45 0,056 | H.46 13 H.47 0,4 H.48 0,031
H.49 6 H.50 0,75 H.51 0,092 | H.52 14 H.53 0,35 H.54 0,028
H.55 7 H.56 0,7 H.57 0,126 H.58 15 H.59 0,3 H.60 0,002
H.61 8 H.62 0,65 H.63 0,149 | H.64 16 H.65 0,25 H.66 0,001

3.2. Két qua tinh toan
3.2.1. Lya chon vi tri va dung lwong bu 16i uu
Tu bu dugc ché tao theo gam cong spfit ti’éu chuén va roi rac do do cong sut co t,hé lya chon
duoc gia thiét nhu bang 3 voi h(:e sO tu ton that 1a 0,02%. Vi tri bu ¢6 thé lya chon & tat ca cac nut
trén luoi. Thoi gian tinh toan kiém tra 1a 3 nam.
Bing 3. Théng so cuia tu bi.

H.67 Gam céng sudt tiéu chuin ciia tu (kVAR)
H.68 60; 90; 120; 150; 300; 450; 900; 1200, 1500; 1800

Két qua tinh toan lwa chon duoc vi tri va dung luong bu tdi vu nhu trén bang 4, dung lugng
bu duoc lya chon la 900 kVAR tai nat 28 va 47, va duoc lya chon ¢ ngay ndm dau tién. Tong
dung lugng cua tu bu la 1800 kVAR va & cac vi tri xa ngudn, diéu nay s& nang cao hiéu qua bu
do giam duoc CSPK truyén tai trén duong day.

Bing 4. Vi tri va dung lirong bl t6i uu.

9 W70 Vigimiy M7 Dung lugng (kVAR)
H. 72 H.73 28 H.74 900
H.75 H.76 47 H.77 900
H. 78 H.79 Téng H.80 1800

3.2.2. So sanh hiéu qua bu hién trang va bu 16i wu ciia LDPP

So sanh vi tri va dung lugng bu t1 wu v6i cac thiét bi bu hién trang trong muc 3.1 cho théy, vi
tri dugc lya chon 1a cac vi tri xa ngudn hon va dung lugng ciing 16n hon. Téng dung luong dugc
lra chon la 1800 kVAR so vo1 900 kVAR hién trang, tang tuong ing 200%. Dung lugng bu 16n
hon va & xa nguon c6 thé giam dugc ton that cong suét va ton that dién nang khi tai lon. Tuy
nhién, trong gio thap diém dung luong bu 16n va ¢ xa ngudn c6 thé qua bu va lam tang t6n that
do CSPK thira truyén tai ngugce vé ngudn. Do do, can tinh toan kiém tra trong moi ché d¢ van
hanh va sudt thoi gian tinh toan.

Két qua tinh toan ton that dién ning trong thoi gian 3 nim dugc trinh bay trén bang 5 cho
thdy, t6n that dién ning cta 16 478-E27.1 kha 16n, khoang 4,89% khi khong bu va khoang 3,89%
khi str dung tu bu hién trang véi dung luong bu 1 900 kVAR tai niit 9 va nat 23 13 nhitng nat gan
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ngudn. Luong ton that dién ning giam duoc 1a 1% do ty 18 bu thap va dugc lip dit ¢ nhitng nut
gan nguodn.

Bing 5. So sanh ton that dién néng.

H.81 TT| H.82 Khong bu (%) H.83 Hién trang (%) H.84 B toi wu (%)

H.85 1 H.86 4,89 H.87 3,89 H.88 3,65

Trong truong hop bu t6i uu, tong dung luorng bu ting 1én 1a 1800 kVAR duoc lap dit tai nut
28 va nat 47 la nhiing nat xa nguén, moi vi tri s dung loai tu thir 7 v6i dung luong 1a 900
kVAR. Khi d6, ton that dién nang chi con 3,65% giam dugc so voi khong bu 1a 1,24% va so véi
bu hién trang da giam dugc 0,24%.

Ngoai ra, dién ap nat trong moi ché d6 van hanh cua LDPP cing dugc xac dinh, dién ap tai
cac nut trong moi trang thai phu tai déu dam bao yéu ciu voi dién ap thap nhat ludn lon hon 0,9
pu. Mot trong cac yéu cau dé dam bao van hanh cua lu6i dién la phai dam bao cong suat truyén
tai cua cac thiét bi trong moi gid van hanh cua sudt thoi gian tinh toan. Yéu ciu ndy dugc dam
bao trong chuong trinh va két qua tinh toan kiém tra cho thdy, cong suat truyén tai trén tat ca cac
duong diy déu dam bao yéu cau, cong suat 16n nhit chi dat 68,1% cong suit gii han trén doan
duong day 1-2 trong khi cong suét truyén tai trén doan 37-38 chi 0,87%.

Két qua tinh toan trén cho théiy, cac thiét bi bu hién trang cua 10 478-E27.1 da giam duogc ton
thit dién ning cua ludi dién, tuy nhién, khi cong suit tai ting trong twong lai hiéu qua bu cia
thiét bi hién trang gidm. Khi 4p dung mo hinh qui hoach ngﬁu nhién dé lya chon vj tri va dung
luong bu cua tu dién da nang cao duoc hiéu qua bu cua 16 478-E27.1. Két qua nay co duogc la do
mo hinh xét dén tit ca cac trang thai c6 thé xuét hién cua tai dong thoi xét dén su tang truong cua
tai trong tuong lai. Ngoai ra, gam cong suét tiéu chuan cua tu dién dugc lya chon t6i wru tir mod
hinh da giam sai s6 va dap ing dugc thiét bi trong thuc tién, thong sé ché d6 va kha ning tai cua
LDPP ciing duoc dam bao dong thoi boi cac rang bude, do d6, LDPP ludén dam bao van hanh
trong sudt thoi gian tinh toan.

4. KET LUAN

Dua trén phuong phép qui hoach ngiu nhién, nghién ctru ndy di tinh toan 4p dung cho 16
478-E27.1 thudc LDPP Tién Du, tir d6 danh gia hidu qua cua cac thiét bi bu hién trang va dé xuét
giai phap lwa chon vi tri, dung bu t6i wu nham néng cao hiéu qua van hanh cta duong day nay.
Két qua tinh toan di cho thiy, md hinh bu t&i uru xét dén thong sb ngau nhién cua tai phi hop véi
LDPP, dam bao yéu clu cua hé théng, cong sudt va vi tri bu duoce lua chon tdi uu, chuong trinh
tinh toan don gian, dé 4p dung. Thiét bi bu hién trang c6 thé giam t6n that cong suat va ton that
dién nang cua LDPP. Tuy nhién, hiéu qua bu khong cao do dung lugong bu nho va vi tri bu duge
Iira chon & gan ngudn. Vi tri cAn lya chon xa ngudn hon, dung lugng bu 16n hon ¢6 thé nang cao
duoc hi€u qua cua giai phap bu dong thoi kha ning tai ciia may bién 4p ngudn va duong day ludn
dugc dam bao, d¢ léch dién ap tai tat ca cic nut trong moi gid van hanh, trong moi mua va & tat
¢4 cac ndm tinh toan dugc dam bao theo yéu cau.

Tuy vy, mo hinh trén str dung ham muc tiéu 1a cuc tiéu ton that dién niang ma chi  phi dau tu

tu dién 12 mot chi tiéu quan trong chwa dugc xét dén, vi vy, trong cac nghién ctru tiép theo can
xét dén chi phi cua tu dién ciing nhu gia dién nhim nang cao hiéu qua kinh té ciia phwong 4n bu.
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ABSTRACT

APPLICATIONS OF STOCHASTIC PROGRAMMING MODEL TO EVALUATE
THE EFFICIENCY OF CAPACITORS IN TIEN DU DISTRIBUTION SYSTEM

This study introduces a stochastic programming model, which can select the optimal
placement and capacity of the capacitors, applied to evaluate the reactive power
compensation efficiency of the Tien Du distribution system. This model has improved the
accuracy of the calculation results by considering the uncertain of the loads represented
by the probability distribution function while reducing the computational burden. The
operation parameters of the distribution system are always guaranteed by constraints
while the capacity of the capacitors selected under the standard values. Therefore, the
stochastic programming model can be applied to large-scale systems which are consistent
with distribution systems in reality.

Keywords: Stochastic programming model; Distribution system; Reactive power compensation.
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