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TOM TAT

Bai bdo tdp trung nghién ciru va xdc dinh vi tri t6i wu ddt nguon dién mdt troi trén phdt tuyén
478 Tan Thanh — Tién Thiy thudc lwéi phdn phoi 22 kV Chdu Thanh, tinh Vinh Long, nham néng
cao hiéu qua van hanh cia lwedi dién phdn phéi trong diéu kién tich hop nguén ndng lrong tdi tao.
Phuwrong phdp tiép cén dwge sir dung la thudt todn t6i wu bay dan (Particle Swarm Optimization —
PSO), mot thudt todn toi wu tién héa quan thé dya trén co ché tiwong tdic va hoc héi gitka cdc cd thé
trong quan thé dé kham phd khéng gian tim kiém nghiém t6i wu. Trong nghién civu, thudt todn PSO
dwoc xay dung nham xdc dinh vi tri ddt nguén dién mdt troi théa man cdc diéu kién rang bugc ky
thudt cua ludi dién, dac biét la gidi han dién ap cho phép tai cac nuit, do”‘ng thoi huong dén muc
tiéu giam thiéu ton that cong sudt trén phdt tuyén. Cac kich ban ddt nguon dién mdt troi tai nhitng
vi tri khdac nhau dwoc phan tich va so sanh dé danh gia murc do cadi thién chat luong dién dp va
hiéu qua giam ton that cong sudt. Két qua thu dwoc tir thudt todn PSO duwoc kiém chitng va danh
gid lai théng qua mé phong trén phian mém PSCAD, cho thdy phwong phdp dé xudt c6 do tin cdy
cao va kha ndng iing dung thiee té trong cong tdc quy hoach, thiét ké va vdn hanh ludi dién phdn
phoi c6 tich hop nguon dién mdt troi.

Tir khéa: Thudt toan bay dan, luéi dién phén phéi, ton that cong sudt, ning lwong tdi tao

ABSTRACT

This paper focuses on the study and determination of the optimal location for integrating solar
power sources on the 478 Tan Thanh — Tien Thuy feeder of the 22 kV Chau Thanh distribution grid
in Vinh Long province, with the aim of improving the operational efficiency of distribution networks
with high penetration of renewable energy. The proposed approach is based on the Particle Swarm
Optimization (PSO) algorithm, a population-based evolutionary optimization method that utilizes
interactions and information sharing among particles to explore the solution search space. In this
study, the PSO algorithm is formulated to determine the optimal placement of solar power sources
while satisfying the technical constraints of the distribution network, particularly the allowable
voltage limits at buses, and simultaneously achieving the objective of minimizing power losses along
the feeder. Different scenarios of solar power integration at various locations are analyzed and
compared to evaluate their impacts on voltage profiles and power loss reduction. The optimization
results obtained from the PSO algorithm are validated through simulation using PSCAD software,
demonstrating the effectiveness, accuracy, and practical applicability of the proposed method for
planning and operating distribution networks with integrated solar power generation.

Keywords: Swarm algorithm, distribution grid, capacity loss, renewable energy
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1. Giéi thiéu

Céc nghién ctru vé anh hudng cua vi tri
dat nguén dién tai tao dén ludi dién phan
phéi cho thdy: Mo dun quang dién (CPV)
phan tan cai thién su 6n dinh dién ap cua
mang so vo1 CPV tdp trung, mang lai tac
dong tich cuc hon ddi v6i van dé 6n dinh
dién ap. Mot sb thuat toan duoc ung dung
nhu: Giai thuét di truyén két hop v6i phuong
phap Newton — Raphson d3 cung cap mot
cach thurc tim ra vi tri dat va cong suat phat
cho mot s6 ngudn phan tan trén luéi dién,
phuong phap trén cho ludi dién don gian
thuat toan s€ hoi tu nhanh. Tuy nhién, néu
ap dung cho ludi di¢n 16n phuc tap hon thi
tén nhiéu tai nguyén ctia mdy tinh va thim
chi khong hoi tu [3]. Nghién ctru tng dung
phuong phap hé sé ton thit co vu diém 1a
tinh toan nhanh, c6 két qua chinh xac va d&
xay dung chuong trinh tinh todn trong moi
truong Matlab. Tuy vay, thuat toan mai tinh
dén chi tidu ton that cong suat trén ludi khi
tim cac diém dit va qui mo cong suit cua
ngudn phan tan (DG) trong diéu kién ¢ dinh
cac chi tidu kinh té, k¥ thuat khac ctia ngudn
DG [4]. Thuat todn ACO da tim diém t6i
wu v6i te dd hoi tu nhanh va c6 kha nang
ap dung trong mang dién 16n, ¢ han ché 1a
két qua tinh toan phuy thudc nhiéu vao thong
sO cai dat va mat nhiéu thoi gian va cong
sttc dé thtr nghiém va kiém tra [5]. Trong
bai bdo nay da nghién ctu ing dung thuat
toan toi uu bay dan (PSO), day 1a thuat toan
tién hoa dya trén viée md phong cach cu xir
x4 hoi, dua trén dan sé bay dan, duoc 13y y
tuong tir hanh vi xa hoi cua bay chim hay
dan ca trong viéc tim kiém thirc an. Thuat
toan PSO c6 s6 lwong tham sb giGi han va
tac dong cua cac tham s dén giai phap la
nho so v6i cac k¥ thuat toi uu héa khac, don
gian va dé tinh toan trong mot thoi gian ngén
it phu thudc vao mot tap hop céc diém ban
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dau. PSO cho két qua dang tin cdy, lam co
s& cho cac tinh toan thiét ké két ndi nguon
dién tai tao.

2. Phan mém PSCAD va Thuit toan PSO
2.1 Phin mém PSCAD

PSCAD la phan mém cho hé diéu hanh
Windows, thudc nhom phén mém Software
duoc phat trién boi NA. PSCAD c6 thé mo
phong mot hé thdng dién phirc tap véi cac
thong s6 chinh xac, mo phong viée két ndi
cac ngudn ning luong tai tao trén ludi dién
d6ng thoi thé hién duoc cac thong s can thiét
vé dién 4p va cong suit ciia mang dién [6].

2.2 Thuat toan PSO

PSO khac véi cac ki thuat tién hoa trude
day ¢ chd n6 dua trén viéc mo phong cc cu
Xt x4 hoi. Giai thuat toi wu héa bay dan 1a
mot trong nhitng phuong phép t6i vu dua
trén dan sb bay dan, duoc ldy y tudng tir
hanh vi x4 hoi bay chim hay dan c4 trong
viéc tim kiém thirc an. PSO 12 mét cong cu
cung cap mot quy trinh tim kiém dya trén
bay dan ma trong d6 mdi cé thé thay dbi vi
ning cho mdi bai toan ¢ thé duoc dai dién
nhu mét ca thé trong dan, thong tin nhan
duoc mdi cé thé s& didu chinh huéng bay
va van toc theo hudng vé noi co nhiéu thic
an nhat, dan chim bay trong khong gian tim
kiém c6 D chiéu [10].

< Thuat toan PSO

- Thuat toan PSO goém ba ndi dung chinh:
Khoi tao quan thé

+ Thiét 1ap cac hang sb: K o CC,

+ Khoi tao ngau nhién vi tri c4 thé X!
thudc mién D trong tap IR", voi1=1,2,...s

+ Khéi tao ngu nhién van tdc ca thé
0< Vi<V voii=12, ..
+Patk = 1.
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- T6i uu héa

+ Dénh gia ham f* bang toa qo cia X*
tinh toan trong khong gian tim kiém

+Néufi <f! thi £/ =fivaP/=X]

+Néufe<fthi f,¢ =fvaPs=X]

+ Néu théa man tiéu chuan hoi tu thi
dung lai va thuc hién budce 3

+ Cap nhdp tat ca cac van tdc VEva vi
tri X'

+ Tang inéui>sthidati=1tingk

+ Quay lai buéc dau

- Két thuc

% Luwu dd thuit toan

Bt dau

Khéi tao vi tri va van tdc ca thé, quﬁn thé ban
dau

v
Danh gia mdi c4 thé bang ham thich nghi

2, 1

Tim vi tri tdt nhat mdi c4 thé

Tim vi tri tot nhat ctia ca quan thé
v

Cap nhat van tdc va vi tri ctia ca thé

v
Pénh gia mdi ca thé bang ham thich nghi

|
A 4

Vong lap = Vong lap + 1

v

Pung

— Vong lap <= Vong
lap téi da

i Sai

Xuét két qua (vi tri tot nhit cia quéan thé)

Hinh 2.2: So d thuét toan PSO
tim vi tri tdi uu
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3. Ung dung thuit toan PSO giai
bai toan xac dinh vi tri dit ngudn dién
mit troi trén phat tuyén 478 Tan Thanh-
Tién Thuy.
Nhiém vu cta thudt toan s& giai quyét
cac van dé:
- Xac dinh v1 tri dat nguén dién mat troi
trén phat tuyén 478 Tan Thanh-Tién Thuy.

- T61 thi€u hoa dugc ton that cong suat
trén mang dién.

- bam bdo d9 dao dong dién 4p trong
2161 han cho phép.

3.1 Ham muc tiéu cia bai toan:
- T6i thiéu hoa ton that cong suat:
. . P+ Q?
f = min(AP) = min X' R; (‘U—ZQ‘) (3.1)
H
- Trong qua trinh tinh toan ton that cong
suat dugc tinh theo:

-

P+ QF
o (259

7 (3.2)

- bicu kién rang budc vé dién ap:

UminSU <U

bus max
- Vi tri tot nhat ctia moi PV & thoi diém
hién tai duoc xac dinh:

. 1
Pt+1 _ Pgest,i lf ﬁ"H > Pbtest.i
besti — xit+1 lf ﬁt+1 < Plgest,i (33)

- Vi tri t8t nhat cua PV trong luoi dién
duoc xac dinh:
= i 4
Gbest =mn {Pbest,i (t)} (3.4
- Van tdc cua cac PV trén ludi duoc cap
nhép theo biéu thirc:
P =0 x V4 ¢ X1y X (Pygsr — XF) + (35)
N .
€y X T X (Gbest - Xi)
- Vi trf ctia ngudn dién mat trdi (PV) trén
ludi duge cap nhap theo bicu thic:

Xlk-*-l — Xlk + Vik+1 (36)
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3.2 So do giai thuat

Thiét 1ap thong sé dau vao ciia hé théng
v
Thiét 1ap thong sé cho vong lap
v
Thiét 1ap thong sé ban diu ciia PV
v

Xéc dinh vén tdc va vi tri ban dau ciia PV

>
A

A

Cap nhép van tbc va vi tri cia PV

Tinh toan phan b4 PV trén hé théng tai vi tri méi

:

Panh gia lai ham muc tiéu tai vong lap hién tai

v

Vong lap = Vong lap + 1

Ding
Vong lap <= Vong lap

Sai

Xuit két qua (vi tri tot nhét ctia quin thé)

Hinh 3.1 So d6 thuat toan PSO ap dung cho bai
toan t6i wu vi tri dat PV

Cac budc thue hién cia thuit toan:

- B}rc'rc 1: Thiét lap th()r}g s6 dau VélO’Z
thong s6 duong day, thong so tai, cac hé so
cua thuat toan;

- Budc 2: Thiét lap thong s6 cho vong lap;

- Budc 3: Thiét lap thong sé ban dau
cho PV;

- Budc 4: Xac dinh van toc va vi tri ban
dau cua PV;

- Budc 5: Tinh toan phan b cong suit
PV trén luéi dién;

- ‘Bu’érc 6: Tinh toan ham muc ti€u va
x¢ét dieu kién;
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- Budc 7: Cap nhap van tbe va vi tri
cua PV;

- Budc 8: Xac dinh vi tri tot nhit va
cong suat PV;

- Budc 9: In két qua tdi wu khi vong lap
16n nhat dugc thyc hién va dung chuong
trinh, néu khong thi thyc hién lai budc 6.

3.3 Cac thong sb clia phat tuyén 478
Tén Thanh-Tién Thay

1 2 3 4 S 6 7 8
@ | l I—Il l |
| | I | | |
10 12
11
15 13
16 14

Hinh 3.2 So d6 phat tuyén 478 Tan Thanh —
Tién Thuy
Bang 3.1: Thong sb cac nut

Bus Pd Qd Vbase Vmax Vmin
thei (kW) (kVAR) (kV) (pu) (puw)

1 0 0 22 1,05 | 0,95
2 | 911 216 22 1,05 | 0,95
3 [1.093] 193 22 1,05 | 0,95
4 | 442 245 22 1,05 | 0,95
5 [1.951| 254 22 1,05 | 0,95
6 | 987 288 22 1,05 | 0,95
7 | 294 095 22 1,05 | 0,95
8 [ 1.800| 300 22 1,05 | 0,95
9 12498 | 298 22 1,05 | 0,95
10 | 600 98 22 1,05 | 0,95
11 | 400 100 22 1,05 | 0,95
12 | 198 17 22 1,05 | 0,95
13 [ 1.599 < 22 1,05 | 0,95
14 | 500 90 22 1,05 | 0,95
15 | 200 10 22 1,05 | 0,95
16 | 600 70 22 1,05 | 0,95
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Bang 3.2: Thong s6 cac nhanh

T ’l:én thét CA(‘)ng Vi tri
kip cong suat suat PV PV

(kW) (kW) (Bus)
1 197,110 700 6
2 197,130 700 6
3 197,130 700 6
4 197,130 700 6
5 197,130 700 6
6 197,130 700 6
7 197,130 700 6
8 197,130 700 6
9 197,130 700 6
10 197,130 700 6

3.4 Két qua chay thuit toan trén Matlab

Két qua sau 10 vong lap cho thay thuat
toan hoi tu & vong ldp thi 2 v6i cong sut
PV két ndi 1a 700 kW va vi tri dat téi uu ¢
vi tri bus 6.

Bang 3.3: Két qua tinh toan sau 10 vong
lap dau trén mang dién

Pén

TT T bus bus R X
1 1 2 0,1508 | 10,2002
2 2 3 0,0137| 0,0182
3 3 4 0,1371| 0,1820
4 4 5 0,2057| 0,2730
5 5 6 0,1234| 0,1638
6 6 7 0,0822 | 0,1092
7 7 8 0,0685| 0,0910
8 4 9 0,1097| 0,1456
9 5 10 0,2112 0,1898
10 10 11 0,0845| 0,0759
11 7 12 0,0960 | 0,1274
12 12 13 0,0548 | 10,0728
13 13 14 0,0137| 0,0182
14 12 15 0,1602 | 0,0634
15 15 16 0,3740 | 0,1479
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Bang 3.4: Sy thay doi dién 4p tai cac
bus trudc va sau khi dat PV tai vi tri t01 uu
trén mang dién

STT Trwoe khi co PV Sau khi co PV

(pu) (pu)
1 0,98 0,99
2 0,98 0,99
3 0,98 0,99
4 0,98 0,99
5 0,97 0,98
6 0,97 0,98
7 0,97 0,98
8 0,97 0,98
9 0,98 0,99
10 0,97 0,98
11 0,97 0,98
12 0,97 0,98
13 0,97 0,98
14 0,97 0,98
15 0,97 0,98
16 0,97 0,98

Bus
Hinh 3.3: D0 thi dién ap trude va sau khi dat
PV tai vi tri toi wu.

Do thi Hinh 3.3 va Bang 3.4 thé hién sy
thay doi dién ép tai cac bus cua mang di¢n
khi két noi PV

Puong mau do trén do thi Hinh 3.9 thé
hién dién 4p tai cac bus trude khi c6 PV va
duong mau xanh the hién dién ap tai cac bus
sau khi c6 PV. Khi phat tuyén dugc cung
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cap 700 kW thi dién ap tai cac bus duogc cai
thién dang ké, cac bus cudi phat tuyén duoc
cai thién nhiéu nhat va dam bao trong gidi
han cho phép.

Bang 3.5 Két qua chay thuat toan PSO
trén Matlab.

Tﬁng Mirc

ton that giam

cong ton

sudt  that

kW) (%)

Trude khi

6Py | 2524 o
Sau;($1 €01197.130 |30,19% | Bus 6 | 0,98

Khoa hoc Ky thuat — Cong nghé

Thuét toan PSO tim vi tri tdi vu két ndi
ngudn dién mit troi trén phat tuyén 478 cho
két qua t6i wu tai vi tri Bus 6, tong ton that
cong suat 1a nho nhat (197,130 kW) va dién
ap tai bus nho nhét tang tir 0,97 (pu) dén
0,98 (pu) (Bang 3.5). Két qua nay cho thiy
su tac dong cua nguén dién mat troi khi két
ndi vao phat tuyén 1am giam ton that cong
suat va cai thién duoc dién ap tai cac bus.
4. M6 phéng trén phan mém PSCAD

Phat tuyén 478 Tan Thanh —Tién Thiy
dugc mo phong trén phan mém PSCAD, sir
dung thong sb theo Bang 3.1 va Bang 3.2
va so sanh két qua dat dugc cua thuat toan
o0 Bang 3.8

P

pija

P+jQ

Fia

Pija

Psja

Hinh 4.1 So d5 mé phong Phat tuyén 478 trén giao dién PSCAD

D6 thi tén thét cong suit

123 45 67 8 91011 1213141516
Vi tri dat PV

B Trwde khi c6 PV mKhi co PV

Hinh 4.2: DO thi ton thit cong suat khi két ndi
PV trén 16 bus

Db thi dién ap

=T
C
: NNEVA VAN
=
550.97
o)
096
095
1 2 3 4 5 6 7 8 9 1011 1213 1415 16
Bus

——Trwéc khi ¢6 PV ——Sau khi c6 PV

Hinh 4.3: D6 thi dién 4p 16 bus khi két ndi PV
tai vi tri toi wu
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D6 thi Hinh 4.2 cho thay ton that cong
suét trén phat tuyén déu giam khi két ndi PV
& bat ky vi tri nao trong 16 bus so voi luc
chua két ndi PV. Trong dé, truong hop dit
PV tai bus 6 cho két qua ton thit cong suét
phat tuyén thip nhét.

Khi dat PV tai vi tri tdi wu, luc nay
ton that cong suat trén mang dién 1a nho
nhat, cong sudt cung cdp cho tai duoc
nang 1én. Hinh 4.3 cho thdy duong mau
cam thé hién dién ap tai cac bus khi phat
tuyén c6 két ndi PV duoc cai thién tét hon
duong mau xanh lic chua cé PV. Dién
ap tai bus thap nhat thay doi tir 0,97 (pu)
dén 0,98 (pu).

Khoa hoc Ky thudt — Cong nghé

Bang 4.1 Ton thit cong sudt trén phat
tuyén trude va sau khi dat PV tai vi tri to1 uu

Trwdce khi co6 PV Sau khi c6 PV Mirc giam

284.,4 kW 200,5 kW 29,5%

Tong ton that cong suat trén phat tuyén
khi dat PV tai cac bus déu giam so véi thot
diém chua két nbi PV, ton thit giam thip nhat
khi dat PV tai bus 6 tir 284,4 kW xubng con
200,5 kW (muc giam 29,5%) va 1a ton that
nhé nhit. Pién ap trén 16 bus duogc cai thién
hon khi két ndi PV, dam bao diéu kién rang
budc (tir 0,95 pu dén 1,05 pu).

Két qua md phong nay co vi tri toi wu
trung khép véi két qua toi vu ma thuat toan
PSO chay trén phdn mém Matlab.

Bang 4.2: So sanh két qua toi vu trén phét tuyén gitta Matlab va PSCAD

Matlab PSCAD
Toén that Vi tri Pién ap Ton thit cong Vi tri Pién ap
cong suat dit PV thap nhit suét dit PV thap nhit
Trude khi 282.4
’ 0 284.4 (kW 0
o6 PV (kW) 97 (pu) 4 (kW) 97 (pu)
Saukhico | 197,13
auPV‘ 0 | PO 0,98 (pu) 200,5(kW) | bus6 | 0,98 (pu)
Mirc giam | 30,19% 29,50%

Bang 4.2 so sanh két qua chay thuat toan
trén trén Matlab va mo phong trén PSCAD
cho s liéu tuong dong nhau. Két qua nay
da kiém chung lai két qua t6i uu cua thuét
toan PSO trén phat tuyén thyc té hoan toan
chinh xéc.

5. Két ludn

Bai bao da trinh bay mdt phuong phéap
xac dinh vi tri dat ngué‘in dién mat tro1 trén
lu6i dién phan phdi bang cach p dung thuét
toan toi wu hoa bay dan. Két qua cho thay
viéc ap thuat todn PSO da xac dinh dugc
vi tri ddt ngudn dién tai tao trén ludi dién
phén phdi 1a pht hop va thoa cac diéu kién
30 | Sé 40 nam 2025

rang budc. Thuat todn thuc hién trén mang
dién thyc té va chay trén phin mém Matlab,
cho thiy dugc wu diém 14 tinh toan nhanh,
don gian va cho két qua dang tin cay. Két
qua cua thuat toan dugc kiém ching trén
phan mém mo phong PSCAD, cho két qua
twong dong nhau. Tiém nang cta phuong
phap c6 thé duoc ap dung trong thuc té,
két qua c6 thé 1am co sd cho viée tinh toan
két ndi nguén dién mat tro1 trén luoi dién
phén phdi va ham muc tiéu ctia bai toan ¢
thé mo rong thém cac diéu kién rang budc
vé kha nang qué tai ctia dudng day va muc
tiéu kinh té.
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