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TOM TAT

Gidm t6n that bang cach st dung phuong phap can bang tai pha (PLBM) trén ludi dién phan phdi
la mt yéu cdu bat budc ca cac cong ty dién luc. Muc tiéu clia viéc tai cdu tric ludi phan phdi la dé thuc
hién gidm cong sudt va cai thién chat luong dién ap. C6 rat nhiéu cac phuong phap da duoc dua ra d&
gidi quyét van dé nay dé can bang giia tinh kinh t€ va tinh ky thudt. Bai bdo nay dua ra mgt phuong
phdp cén bang tai pha bang cach sir dung gidi thuat két hop gitia thuat todn tdi uu bay dan (PSO) va
chudi rdi rac thudt nhi phan (SPD). Thudt toan PSD la mot thuat todn d€ t6i uu trong viéc gidm ton that
va don gian trong cong tac van hanh. K&t qué cta bai bao dugc dua ra sé chiing minh hiéu qua ctia thuat
toan trong viéc giam tn hao cong sudt bang cach xem xét chi phi t6i uu d€ can béng téi pha cia ludi
dién khdng can bang pha tir d tim ra dugc trang thai hoat ddng hiéu qua han.

Tirkhéa:, LuGi dién phdn phdi khong cdn bdng, thudt todn siéu hinh, thudt todin tdi uu bdy dan (PS0),
chudi roi rac nhi phan (SPD).

ABSTRACT

To reduce power losses in a distribution power network, electricity companies must implement
the Phase Load Balancing Method (PLBM), which is a mandatory requirement. The goal of
reconfiguration is to minimize active power loss and improve the voltage profile. Numerous methods
have been proposed to address this issue due to its significant economic and technical importance. This
paper introduces a phase-load balancing method that employs an algorithm combining the Particle
Swarm Optimization (PSO) and the Discrete Sequence Binary Algorithm (SPD). The SPD is an optimal
algorithm known for its effectiveness in reducing losses and operational simplicity. The results of this
study will demonstrate the algorithm's effectiveness in reducing power loss while considering the
optimal cost for balancing the phase load in an unbalanced power grid, ultimately leading to a more
efficient operational state.

Keywords: Unbalanced distribution networks, metaheuristics algorithm, Particle Swarm
Optimization (PS0), Selective Probabilistic Discrete (SPD).
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1.GIGI THIEU

Trong sudt chubi cung Ung dién bat dau
tur khau san xuat, truyén tai, phan phdi va két
thdc tai tai, trong d6 c6 ho gia dinh, thi
thong thudng, dién moét pha sé dugc su
dung tai cac ho gia dinh. Cac thiét bi dién
dan dung phan I6n s dung dién moét pha
nén khi két néi nhiéu tai lai véi nhau thi téng
céng suat cla cac pha sé khong can bang,
diéu nay dan tdi viéc mat can bang cong
suat gilia cac pha trén lugi dién phan phéi.
Thém n(ra, viéc st dung dién cla cac khach
hang la khong lién tuc va viéc tiéu thu cong
suat luén luén khac nhau theo thai gian. Do
do, viéc tiéu thu dién tai cac khu vuc phan
b6 tai sé dan dén viéc mat can bang vé mat
téng cong suét giira cac pha.

Chat lugng dién ndng va viéc gidm tén
hao céng suat trén ludi dién phan phai la
mot van dé kinh té két hop vai ky thuat cta
cac cong ty dién luc cling nhu cta nganh
dién. Khéng giéng nhu ludi truyén tai, khi
lugi dién phan phdi xuat hién moét pha
khong can bang sé dan dén chat lugng dién
ap bi suy gidm va gia tang tén hao cong suat
trén day trung tinh. Viéc mat can bang pha
cang I6n sé dan dén chat lugng dién &p bi
suy gidm va tén hao cong sudt sé cang ting.

C6 rat nhiéu cach dé giam t6n that va
tang chat lugng dién &p trén luéi dién phan
phoi nhu: Bu céng suat phan khéng, ting
dién 4p hoat déng, can bang tai hay tang
tiét dién day dan,... Nhing phuong phap
nay kha hiéu qua vé mat ky thuat thuan tay
nhung khéng téi uu vé mat kinh t€. Mat
khac, phuong phap can bang tai pha giam
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tén that kha hiéu qua va ting dugc chat luong dién ap kha
tét trong hé théng dién ma khong yéu cau phai dau tu qua
nhiéu. Phuong phép can bang tai pha dugc thuc hién bang
cach chuyén déng/ma thiét 1ap mé hinh mang cap dién méi
nhdm gidm tén that cdng suat va dat dugc cac yéu cau vé
van hanh.

Bai todn tai cau hinh lugi dién phan phdéi (LDPP) dugc dé
xuat lan dau vao nam 1975 béi Merlin va Back [1]. Trong
nghién ctru nay, ky thuat t6i wu nhanh va bién dugc st dung
dé xac dinh ciu hinh ludi cé t6n that bé nhat. Civanlar va
cdng su [2] st dung phuong phap trao d8i nhanh dé giam
tén that cong suat dua trén viéc chon lua cac cdp khoa dién.
Y tudng ctia phuang phap la trong mét vong kin, mot khoéa
dién dang md sé dugc thay thé bing mot khéa dong dé
gidm tén that céng suat. Shirmohammadi va Hong [3] dé
xuat phuang phap tai cau hinh gidm t6n that cdng suat dua
trén phuong phap ctia Merlin va Back.

Trong [4-6], giai thuat di truyén (genetic algorithm - GA)
da dugc ap dung gidi 8 bai toan tai cdu hinh LDPP dé giam
tén that cong suat. Trong [7], gidi thuat GA da dugc st dung
dé gidi bai toan tai cdu hinh LDPP c6 nguén dién phan tan
(Distributed Generation - DG) dé gidm t6n that cdng suat va
dé léch dién ap. Trong [8], gidi thuat GA da dugc st dung dé
gidi bai toan tai cdu hinh LDPP nham gidm tén that cong suat
va nang cao d0 tin cay cung cap dién clia hé théng.

Trong [9-11], thuat toan t6i uu bay dan (Particle Swarm
Optimization - PSO) dugc ap dung vao bai toan tai cau hinh
LDPP dé gidm t6n that cong suat. Trong [12], PSO dugc su
dung dé t6i uu cau hinh lugi dién véi ham muc tiéu la gidm
tén that cong suat va chi s6 can bang tai (Load Balancing
Index - LBI). Trong [13, 14], thuat todn PSO nhi phan dugc st
dung dé tai cdu hinh LDPP gidm t6n that cong suét.

Qua trinh tai cdu hinh khéng chi dnh hudng dén tén that
céng suat ma con anh hudng dén nhiéu yéu t6 khac clia
LDPP. Vi vay, bai todn tai cdu hinh da muc tiéu da thu hat
dugc nhiéu su chu y cla cac nha nghién cuiu. Trong [15],
phuong phap heuristic cai tién dua trén phuong phap trao
déi nhanh [16] da dugc st dung dé gidi bai toan véi muc tiéu
gidm chi phi tén that, chi phi chuyén khéa va cai thién dién
ap nut trong hé théng. Trong nghién ctiu nay, phuong phéap
trao d6i nhanh da dugc cai tién dé ching ludn tao ra cac cau
hinh lugi hop 1é tranh phai gidi bai todn phan bé céng suat
trén ludi dién kin. Trong [17], phuong phép heuristic da muc
tiéu (Fuzzy Multiobjective Approach - FMA) dugc dé xuat dé
gidi bai toan véi ham muc tiéu gidm tén that, do léch dién
ap, can bdng tai gitta cac nhanh va gitia cac xuat tuyén.

& Viét Nam, bai toan tai ciu hinh LDPP ciing da thu hut
dugc sy quan tam cla nhiéu nha nghién ctu. Trong [18],
thuat toan GA da dugc st dung trong bai toan tai cau hinh
LDPP dé giam t6n that cong suat. Trong [19], phuong phap
tai cdu hinh LDPP si dung giai thuat dan kién (Ant colony
optimization - ACO) dé gidm t6n thit cédng suit. Trong
nghién ctu nay, théng qua két qua mé phéng, tac gia da
ching minh dugc nhiing uu diém cda thuat toan ACO so vGi
GA va gidi thuat luyén kim (Simulated Annealing - SA). Trong
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[20], thuat toan ACO két hgp véi ki thuat logic m& dugc st
dung d€ gidi bai todn téi cdu hinh LDPP. Bai bao nay nham
tng dung phuong phap can bang pha bang cach dua vao
gidi thuat PSD-PSO dé€ giam t6n that. Thuat toan PSD-PSO la
mot thuat toan siéu hinh rgi rac xac dinh mot cach nhanh
chéng viéc khda nguédn cap cho cac tai mot pha dé giam tén
that trén cac pha va pha trung tinh. K&t qua ctia bai bao nay
dugc thdng qua mo phong théng qua viéc cau tric ludi dién
tai mot Cong ty Pién luc Phuc Tho thudc Tng céng ty Dién
luc Ha Noi.

Bai bdo gém cac phan sau: Phan 1 gidi thiéu vé cdc nghién
ctu lién quan va néu bai toan. Trong phan 2, gidi thuat
SPD-PSO sé dugc dé xuat. Phan 3 va 4 trinh bay cac két qua
mé phdng va phan tich. Cac két luan va hudng phat trién cda
nghién cliu sé dugc dua ra trong phan 5 cla bai bao.

2. THUAT TOAN SPD-PSO

Thuat toan SPD-PSO dugc dua ra va gidi thiéu chi tiét tai
[21]. Tuy nhién, bai béo sé tém tdty tudng cla thuat toan dé
thuc hién phucng phap SPD-PSO cu thé nhu sau:

Vi tri ctia phan td, ky hiéu la X va van toc cta no, ky hiéu
la Vtrong thuat toan SPD-PSO la mot ma tran. Cac cong thic
dé cap nhat vi tri va van t6c cla phan ti dugc xay dung va
mo ta nhu trong luu d6 hinh 1 va hinh 2.

Theo mé ta tai so d6, 1 phan ti k trong thuat toan SPD-
PSO dugc luu gilt trong mot ma tran nhi phan m x n x k véi
hai dac diém sau:

(i) Tat ca cac phan t& trong ma tran 1a 0 hodc 1, trong dé
gia tri 1 biéu thi su phan bé vi tri tai trén pha trong khi gia tri
0 biéu thi su khéng bé tri.

(ii) Trong méi hang, chi cé mét phan tl c6 gia tri 1 trong
khi tat ca cac phan ti con lai doc theo cing mét hang la 0,
chi ra rdang méi cum chi dugc gan cho mét pha (hinh 1).

1 I, I, I,

G 2 & 0 1 0

G, 1 G, 1 0 0

(& 3 G 0 0 1

C, 1 G 1 0 0
a) Vector phan bo b) Ma trdn phéan bo

Hinh 1. Hai dai dién khdc nhau clia mot quan thé phén t dé xudt trong
SPD-PSO

Vi tri phan ti X va van toc V trong dé xuat thuat toan SPD-
PSO Ia ma tran va cac phuong trinh cp nhat van t6c va phan
tir da dugc stta d6i nhu thé hién trong gidi ma ctia thuat toan
SPD-PSO méi dugc néu trong cong thuc (1) va (2). Trong do,
k 13 phan tir trong thuat toan PSD-PSO va t biéu dién budc
nhay tai thai diém t cia phan tu.

Vi =lora '(pbeStk - X ) + |Q1<02'(gbe5t =X ) W
Xiﬂ — Xi + IQ3 (thﬂ) (2)
Trong do6:

t: Bi€u dién budc nhay tai thoi diém t clia phan tik;
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pbesty: Vi tri t6t nhat cta ctia phan ta k;
gbest: Vi tri t6t nhat cla ca thé trong quan thé;
X" VitricGa cathé kdvong lap t+1;

V" :Vantéc clia ca thé kdvong lap t+ 1.

, Khoitao bay dan:
Xy =Vitri ngdu nhién

V! = Tbe d6 nglu nhién
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Piénh gia sy phit hop cia phin tir fitness
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Hinh 3. So d6 ludi dién phan phdi cla TBA Hat Mdn 2
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Dé kiém tra kha nang ap dung ctia phuang phap dé nghi
ap dung giai thuat SPD-PSO nham dé gidm t6n that ning
luogng théng qua bé tri tai trén ludi dién phan phdi, mang
dién dugc kiém tra 1a mot lugi dién phan phi gém 1 nguén
va 47 nat tai cha Tram bién ap (TBA) Hat Mén 2 thudc xa Hat
Mén, huyén Phuc Tho, Ha NGi dugc trinh bay nhu hinh 3.
3.2. Ham muc tiéu cta phuong phap can bang pha tai
trong lugi dién

Véi hai muc tiéu dugc thiét 1ap, bao géom: (i). Gidm tén
that cong suat trén lugi dién phan phdéi va (ii). T6i uu chi phi.
Phu tai cia mét lugi dién phan phéi khéng can bang thay
d6i mot cach lién tuc tuy theo tung thoi diém trong ngay
nhung pha tai khéng thé dugc thay d8i theo ma chi c6 thé
thay d6i theo chu ky clia cong suat. Cong suat cla tai dugc
tinh toan bang mdc tiéu thu dién nang trung binh cta khach
hang trong 1 ndm. Méi khi mét phu tai dugc chuyén ti pha
nay sang pha khac (pha A sang pha B chéng han) thi sé xuat
hién mot chi phi thuc hién. D& danh gia mét cach chinh xac
do Igi ti viec chuyén pha tai, bai bao phai danh gia dugc chi
phi nay. TUr 6, ham muc tiéu dugc biéu dat nhu sau:

F= K:a Z;(APﬁ - APsi)ti - deN (3)
F: Téng s6 tién tiét kiém dugc (VND);

Kia: S6 tién dién tiéu thu 1 kWh;

Kap: Chi phi ddo pha cla tai;

ti: Khodng thai gian xét (h);

APy: Tén hao céng sudt ltc dau trong khodng thai gian t;
APg: T6n hao céng suat luc sau trong khodng thai gian t;;
N: Téng s6 tai can déi sau khi két thuc vong lap.

Cong thuic s6 (3) cho thdy cach két hgp cla cac yéu
t6/thudc do khac nhau dugc gidi thiéu & trén dé tao thanh
ham muc tiéu cho thuat toan SPD-PSO dé giai quyét van dé
datra.

3.3. Két qua tinh toan trén LDPP cia TBA Hat Mén 2
a) Tinh tén thdt céng sudt theo dé thi phu tdi
500

450 1

S

o

o
T

w
(2
o

300

N
(S
o

2001

Nang luong ton that giam(KWh)
o
o

e
o
o

[%2)
o

L L L L o

0 10 20 30 40 5 60 70 80 90 100
So lan lap

o

Hinh 4. Do thi t6n that gidm theo s lan lap
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Hinh 5. D0 thi s6 h tiéu thu can tai b tri

Do nhu cau st dung dién tai nhimng thai diém trong ngay
la khac nhau nén dan dén cong suat tiéu thu trén tai khac
nhau, nén dé tinh toan t6n that cong suat c6 dé chinh xac
déang tin cdy thi can phai thay déi théng sé tinh toan phu
hap vdi tiing thai diém tinh toan dua vao dé thi phu tai va
sau d6 cong cac két qud & nhing thai diém khac nhau dé
dugc két qua nhu hinh 4, 5.

Nhan xét: D3i véi muc tiéu gidm tén that cong sudt, thuat
toan két hgp SPD vai PSO cho két qua hoi tu vai s6 1an lap it
hon cho thdy viéc st dung SPD da lam tang t6c do théng
qua viéc thay d6i ham van téc trong thuat toan PSO. K&t qua
cdu tric mdi cda ludi ciing gidm tén that cong suat tot hon.
VGi muc tiéu dado pha nham can bang cac pha, thuat toan
SPD két hgp vaéi PSO cho két qua héi tu nhanh hon so véi
PSO don thuan.

Tinh ham muc tiéu:
F=Ky Y (AP, — AP )t —K4,N
=2500*497,3-25000%7
=1225750 (VND)

<108

Gia tri ham muc tieu

0 10 20 30 40 50 60 70 80 90 100
Solan lap

Hinh 6. D6 thi ham muc tiéu theo s6 lan lap
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b) M6 phdéng mdt cdn bdng cia TBA Hdt Mén 2 c6 xét
dén dién mdt tr&i dp mdi gdy mdt cén bdng pha

Nham danh gia tac dong clia hé théng dién mat troi ap
mai clia cac hd dan 1én phan bé cong sudt va tén that cong
suat trong van hanh dudng day phan phoi.

Két qua phan bé cong suat cho TBA Hat Mon 2 c6 xét
dén dién mat trgi ap mai

Cdng sudt truyén tai va téng that cong suat cia TBA Hat
Mon 2 cé xét dén dién mat trgi 4p mai dugc thé hién nhu
trong bang 1. Nhan thdy, téng chi phi do t6n that céng suat
tdc dung trén cac dudng day khoang 54,65 (triéu dong).

Bang 1. Két qua tinh todn t6n that cong suat TBA Hat Mon 2 c6 xét dén dién
mat troi dp mdi

Théng s6 Don vi Gia tri
(ong suat pha A kw 67,28
(ong suat pha B kw 53,5
(Cong suat pha C kw 86,1
Ton that Pha A kw 8,56
T6n that Pha B kw 483
Tén that Pha C kw 16,97
T6n that day trung tinh kw 2,96
Tén that dién nang trén LDPP kw 33,32
Chi phi ton thét dién ning VND 54.648.519,21
S6 khoa ddi 0
Chi phi @6 kha VND 0
Téng chi phi cho LDPP VND 54.648.519,21

K&t qua tai phan bé céng suat cho TBA Hat Mon 2 st
dung SPD-PSO c6 xét dén dién mat trsi ap mai.

1. DE& thuc thi thuat toan SPD-PSO, cac théng s6 lua
chon cho thudt todn nay dugc trinh bay nhu trong bang 2.

Bang 2. Bang cac tai gia tri trong thuc thi thuat toan SPD-PSO

Théng s6 Gia tri
S6 bién s trong mot ca thé 121
S6 ca thé trong quan thé 250
S6 vong lap toi da 1000
Hé s6 nhan thiic ty than O 0,7
Hé s6 nhan thic xa hoi 6 03

2. Téng chi phivan hanh thap nhat qua méi lan l3p duoc
thé& hién nhu trong hinh 7. Nhan thay sau khodng 300 lan I3p
thi két qua khéng con thay ddi nira, nghia la thuat toan da
tim ra cau trdc t6i uu chi phivan hanh cho TBA Hat Mén 2 cé
xét dén dién mat troi ap mai.

3. Sau qua trinh thuc thi thuat toan SPD-PSO cho TBA
Hat Mon 2 ¢ xét dén dién mat trdi ap mai dé gidam chi phi
van hanh, mét s6 tai dugc dé xuat chuyén déi ti pha hién tai
sang pha méi.

4. Cong sudt truyén tai va téng that cdng suat cda TBA
Hat Mén 2 cé xét dén dién mat troi ap mai sau tai cau tric tai
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trén cac pha dugc thé hién nhutrong bang 3 Nhan thay téng
chi phi do tén that cédng sudt tac dung trén cac dudng day
khoang 50,37 (triéu dong). Nhu vay, sau tai cau tric tai trén
cac pha thi chi phi van hanh giam di 4,28 (triéu déng).

5 Tong chi phi van hanh qua cac lan lap
52.2 T T T T T T .

52 |
51.8 [
51.6 1
51.4 H

51.2

VND

511

50.8 |

504 ~—

50.2

0 100 200 300 400 500 600 700 800 900 1000
So Lan Lap

Hinh 7. Két qua chay thudt toan SPD-PSO cho TBA Hat Mon 2 c6 xét dén dién
mdt trdi dp mai

Bang 3. Két qua tinh todn t6n that cong sudt TBA Hat Mén 2 sau téi cdu tric
tai trén cac pha c6 xét dén dién mat troi ap mai

Théng s6 Don vi Gia tri
(0ng suat pha A kw 67,28
(0ng suat pha B kw 53,5
(0ng suat pha C kw 86,1
T6n that Pha A kw 9,04
T6n that Pha B kw 9,59
T6n that Pha kw 9,15
T6n thét ddy trung tinh kw 0,23
T6n thét dién nang trén LDPP kw 28
Chi phi ton thét dién néng VND 49.996.102,63
S6 khoa d6i 14
Chi phi d6i khoa VND 350.000
T6ng chi phi cho LDPP VND 50.,346.102,63

4. NHAN XET VE PHUONG PHAP DE XUAT

Ludi dién phan phéi c6 mét dic diém rat quan trong la
cé rat nhiéu loai phu tai khac nhau, ching thi phan bé khong
doéng déu gilra cac pha, cac dudng day véi nhau mat khac
cac loai tai nay thi co thai diém tai dinh khac nhau trong tiing
gi®, ngay, mua va nam. biéu nay gay qua tai, mat can bang
giia cac pha vi thé giai thuat tai cdu tric ludi phan phdi
trong diéu kién tai khong déi xing la hét stc can thiét han
bao gi¢ hét vi né mang lai hiéu qua trong van hanh va dem
lai nguén Igi vé kinh té€ nhiéu hon.

Hién nay c6 rat nhiéu phuong phép va giai thuat bo tri tai
trén ludi dugc nghién ciu. Viéc ing dung né vao thuc tién
cudc song la hét sdc can thiét va gap dugc nhiéu diéu kién
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thuan loi do su phat trién cda khoa hoc cong nghé ngay
cang manh lam cho viéc ty déng héa ngay cang cao, diéu
nay mang lai diéu kién thuan Igi cho viéc b6 tri tai trén ludi.
Viéc bé tri tai trén ludi thi mang lai lgi ich vé kinh t&€ ma
khong can dau tu thém. Tuy nhién, khi tién hanh ap dung
vao nudc ta thi sé gap khong it khé khan, vi hién nay & nuéc
ta con tén tai nhiéu cap dién ap trén lugi dién phan phai.

Nghién ctu nay da hoan thanh dugc muc tiéu va nhiém
vu dat ra. K&t qua dugc kiém tra trén ludi dién mau va dugc
so sanh véi két qua cac thi nghiém thu dugc ti phan mém
PSS-ADEPT nham kiém tra tinh kha thi cda giai thuat. Cu thé:

- S6 lan tinh toan cua giai thuat 1a rat it diéu nay thi rat cé
lgi trong cac hé théng I6n hon;

- Phu hop véi luéi dién phan phéi hién nay khi cé nhiéu
nguén nang lugng mat trdi (NLMT) tham gia vao, gay mat
can bang luéi dién phan phéi.

-Téng t6n that cdng suat trén |udi sau khi tinh toan giam
déang ké, hon niia chi phi can phai dau tu b tri tri rat thap.

- Viéc sir dung bang phan mém gitp dan gian héa viéc
tinh toan tén that céng sudt va cach bd tri tai trén ludi bang
cac phuong phap thi céng
5. KET LUAN

Bai bdo da nghién cliu tap trung vé bai toan gidm tén
that cong suat trén luégi dién phan phéi trong trudng hagp tai
khéng can bang 3 pha. Bai bao tim hiéu, xdy dung va méo
phong thuat toan tri tué nhan tao PSO - SDP cho bai todn xac
dinh vi tri phan b6 tai t6i uu, nham muc tiéu lam tin hiéu diéu
khién cho cac thiét bi dong cat trén ludi dién phan phéi.

Phuang phap dé xuat dugc mé phong tinh toan trén luéi
dién thuc té cta huyén Phuc Tho - Thanh phé Ha Noéi dé
danh gia t6c d6 va sé lan tinh toan cla giai thuat va giam
thiéu tén that cdng sudt trén ludi dién phan phéi khéng
déi xing.

Do cac diéu kién chu quan va khach quan nén dé tai nay
chua thé nghién ctiu sau va rong hon vi thé trong tuang lai
c6 thé nghién ctru va mé réng han cho phu hgp véi diéu kién
thuc t& hon, cu thé nhu sau:

(i) Nghién ctu va hoan thién vé mat giai thuat va lap trinh
dé tang nhanh thai gian tinh toan hon niia.

(i) M@ réong tht nghiém cho mot ugi dién I6n hon &
Viét Nam.
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