TAP CHi KHOA HOC VA CONG NGHE, DAI HOC DA NANG - SO 5(78).2014 83

SU DUNG THUAT TOAN TiM KIEM SU' HAI HOA GIAI QUYET BAI TOAN
BU TOI UU CONG SUAT PHAN KHANG CHO MANG PHAN PHOI HINH TIA

USING HARMONY SEARCH ALGORITHM TO SOLVE THE OPTIMAL REACTIVE
POWER COMPENSATION FOR RADIAL DISTRIBUTION NETWORK

Pham Viét Sit, Lé Kim Hung?
'Cong ty thity dién Song Tranh; phamvietsi@gmail.com
2Trwong Pai hoc Bach khoa, Dai hoc Pa Nang, lekimhung@dut.udn.vn

Tom tat: Thuat toan tim kiém sy hai hoa la mét thuat toan téi wu
héa c6 nguén gbc tir viec nhirtng ngwdi nhac si khi ngau hing
choi cac nét nhac dé tim ra sy hai hda am thanh tét hon. Bai bao
nay trinh bay phuong phap tinh toan bu téi wu céng suét phan
khang (CSPK) cho mang phan phéi hinh tia st dung thuat toan
tim kiém sy hai hoa két hop véi phwong phap quét trwdc/sau
trong tinh trao lwu cong suat. K&t qua chay chwong trinh trén
mang 34 nut IEEE cho thdy chwong trinh tinh toan tét hon so voi
céac thuat toan hién cé. Chuwong trinh xay dwng dwoc ap dung
tinh bu t6i wu CSPK cho xuét tuyén 477-E152 (Thang Binh -
Quang Nam). Két qua tinh toan cla chwong trinh da thé hién
hiéu qua théng qua viéc giam tén that cong suét (TTCS), nang
cao chét lwgng dién ap, tiét kiém dwoc khoan chi phi dang ké va
dam bao tin cay dé (ng dung tinh toan cho LDPP néi chung.

T khéa: Thuat toan tim kiém sy hai hoa; phwong phap quét
trwdc/sau; bu ti wu CSPK; mang phan phéi hinh tia; giam tén
that cong suét

1. Pit van dé

Thuét toan tim kiém su hai hoa duge phat trién bai
Geem va cac cong sy vao nam 2001. Thuat toan co nguén
gbc tir viée nhitng ngudi nhac si khi ngdu himg choi cac
ndt nhac dé tim ra sy hai hoa 4m thanh tét hon. Trong
bude ngau himg dé tim vecto hai hoa méi, thuat toan thuc
hién viéc xem xét lai bd nhd hai hoa va diéu chinh gia tri
lan can cac bién, diéu nay sé dam bao cac giai phap cuc
bo tdt duoc giir lai, hon nita qua trinh lya chon ngau nhién
cac giai phap va xem xét lai by nhd hai hoa s€ md rong
khong gian tim kiém toan cuc mot cach hiéu qua. Uu
diém cia thudt toan 1a khong can thiét 1ap ban du cho cac
bién va c¢6 thé xur 1y ca bién roi rac va lién tyc. Pdng thoi,
thudt toan nay cing véi thudt toan tinh trao luu cong suat
st dung phuong phap quét trudgce/sau tré nén hiéu qua hon
trong tinh toan mang phan phdi hinh tia. Phuong phép
tinh trao luu cong suat nay nhiéu hira hen véi uu diém la
khdi lugng tinh toan it, thoi gian tinh toan nhanh hon so
vGi phuong phap lap Gauss-Seidel va Newton-Raphson.

2. Co s& Iy thuyét thuit toan
2.1. Phuwong phap quét truoc/sau [1]

Phuong phap nay dua trén hai ma trdn: Ma trén quan
hé gitra dong dién nat v6i dong dién nhanh [BIBC] va ma
tran quan hé¢ gitta dong dién nhanh véi dién 4p nut
[BCBV]. Cac dong dién nhanh [B] c6 thé dwoc xay dung
tr cac dong dién nat twong Ung [I] dua vao dinh luat

Abstract: The harmony search algorithm, an optimization
algorithm is derived from the improvisational musician to play the
notes to find harmony sound better. This paper presents methods
of calculating the optimum compensate reactive power for radial
distribution network using harmony search algorithm combined
with the backward/forward sweep power flow method. The results
run the program on the 34 bus IEEE network shows calculation
program better than the existing algorithms. Applying this
program to calculate the optimal compensation reactive power for
feeder 477-E152 of Thangbinh-Quannam Province. Calculation
results from the program have shown the efficiency by reducing
power losses, improving voltage quality, saving significant costs
and ensuring reliability for computing applications of radial
distribution networks in general.
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Kirchhoff I cho mdi nat. Ma tran BIBC viét dudi dang
tong quat nhu bicu thirc (1) véi cac phan tr1la 0 va 1.
[B]=[BIBC][I] 1

Ma tran BCBV viét dudi dang tong quat nhu biéu thirc
(2) v6i cac phan tir 1a 0 va tré khang cac nhanh duong
day.
[AV]=[BCBV][B] 2
i Mbi quan hé giita dong dién nut v6i dién ap nit nhu
bieu thirc (3).
[AV]=[BCBV][BIBCI[I]1=[DLF]I[I] (3)

Viéc tinh toan trao luu cong suat mang phan phdi hinh
tia thyc hién bang phuong phap lap thong qua viéc giai
phuong trinh (4), (5):

*

Iikz[F)i+jQiJ (4)

A
[aV**]=[DLF][1"] (5)
V=Vl -[avi] (6)
Trong do: Iik ,Vik lan Iugt 1a dong dién va dién ap nit

1 & bude lap tho k; Pi, Qi 1a CSTD va CSPK phu tai tai
nat i.
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Nhap dit liéu dudng day va tai

/

| Xay dyng ma trin BIBC, BCBV, DLF|

L/

| Budclipk=0 |

| Cap nhjt dién dp |

k=k+1

N
Tinh di€n dp nit, dong di€n nit va TTCS

Hinh 1. Luu d@6 thudt todn tinh trao luu cong sudt sir dung
phwong phap quét trudc/sau

V6i luu d6 thuat toan nhu hinh 1, ching t6i xay dung
chuong trinh kiém thir phuong phap dé so sanh véi cac
phuong phép lap khac. Két qua tinh trao luu cong suit
mang 34 nut IEEE giira cac phuong phap nhu bang 1.

Bing 1. Két qua tinh mang 34 mit IEEE

. Gauss- Newton- Quét
Phuong phap Seidel Raphson | truéc/sau
TTCS (kW) 220,62 221,70 221,73
S6 bude lap 986 3473 4

Ta thay phuong phap quét trudc/sau cd wu diém ndi
bét 1a sd budc ldp rat nho, thoi gian tinh toan nhanh hon
phuong phap Gauss-Seidel va Newton-Raphson.

2.2. Thudt todn tim kiém sw hai hoa [2]

_Céc budce thyc hign thut toan tim kiém sy hai hoa
nham gidi quyét van dé t6i uu hoa la cyc tiéu ham muc
tiéu f(x) cua bai toan bu dugc mo ta nhu sau:

_ Budc 1: Khoi tao cac van dé toi wu hda va cac théng
SO thudt todn

Céc thong s6 thuat toan: HMS: Kich thudc bd nhé hai
hoa (ma tran HM) hodc 1a s0 vecto giai phap trong bo nho
hai hoa; HMCR: X4c suit xem xét bd nhé hai hoa; (1-
HMCR): Xac suat Iya chon ngau nhién; PAR: Xac suat
thuc hién bude dicu chinh; N: SO bien; NI: So vong lap
toi da (tiéu chuan dung).

Budc 2: Khoi tao bo nho hai hoa (ma trdn HM)

B6 nh¢ hai hoa (ma tran HM) la mét ma trén (7), cac

phan tr gdm HMS s6 vecto giai phap dwoc tao ra ngau
nhién.

AR RN PR T S {C L))
X % X % = @)
HM = . . .
XlHMS -1 X;—IMS—l Xans -1 XHMS—l :>f(X(HMS—1))
I X1 MS X;IMS . X“Mls XHMS = f(X(HMS))

()

1) D 127.3)

Hinh 2. Tir hai hoa dm nhac dén t6i wu héa trong ky thudt
Buée 3: Ngau hitng mét vecto hai hoa méi
Mot vecto hai hoa mébi X = (Xy, Xz, .. , Xn) dugc tao ra

dua trén ba nguyén tic: Lya chon ngau nhlen xem xét bd
nhé va budce diéu chinh.

Buoc 4: Cap nhdt ma tran HM

Néu vecto hai hdoa méi x = (x1, Xz, ... Xn) 12 tot hon so
véi vecto hai hoa t6i thi€u nhat trong ma tran HM, bao
gom ca vecto hai hoa mdi, ta thyc hién loai trir vecto hai
hoa toi thiéu ra khoi ma trdin HM va cip nhat vecto hai
hoa méi vao ma tran HM.

Buéce 5: Kiém tra tiéu chudn dirng

Tiéu chuin dung dya trén ) lwong tdi da sb vong lap,
dung viéc tinh toan. Néu khong, 1ap lai Budc 3 va Budc 4.

Luu d6 thuét toan nhu trinh bay & hinh 3.

3. Xay dung chwong trinh tinh toan bu téi wu CSPK
stt dung thuit toan tim kiém sw hai hoa

Str dung ngdén ngir 1ap trinh Matlab, tac gia da xay
dung chuong trinh vdi ham muc tiéu va diéu kién rang
budc sau:

3.1. Ham muc tiéu

Ham muc tiéu la cyc tiéu chi phi ton that dién nang va

chi phi lap dat tu bu.

n
F= min{PIOSS TK Ty + KC.ZQiC} 8)

i=1
Trong do:
Pioss: Ton that cong sudt tac dung (CSTD) (KW).
t: Thoi gian TTCS 16n nhét (gio).
Kp: Gid mét don vi dién nang (d/kWh).
Tw: Thoi gian tinh toan (nam).
Kc: Gia mot don vi dung luong tu bu (d/kVAr).
Qi®: Dung lugng tu bu (kVAr).
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3.2. Cdc diéu ki¢n rang bupc
- Rang budc dién ap céc nut:
Vmin < Vhit £ Vinax (9)
Trong d6: Vimin, Vimax 1a gi6i han dién ap nho nhat
va lon nhat moi nt.
- Rang budc gidi han dung lugng tu bu mdi nut:
0 < Qi° < Qobmax (10)

Qic = meg XN (kVAr) (11)
Vo6i:n=0,1, 2, .., Nmax.

Nhap céc dif liéu ddu vao

N

| Xay dyng ma trin BIBC, BCBV, DLF |

| Dat ngdu nhién ty bir va khdi tao HM |

i=1

Ngiu hiing mot vector hai hdoa méi

V2

Tinh todn ham muc tiéu. S dung
thudt todn quét trudc/sau dé tinh ton
tha't cong sudt va dién 4p céc niit

Gid tri ham muc tiéu
ctia vector hai hoa méi tot hon
vector hai hoa xau nha

Hinh 3. Luu d6 thugt todn tinh bt t6i wu CSPK st dung
toan tim kiem suw hai hoa

thudt

Chuong trinh s& khong bu khi s tién tiét kiém duoc
tir vi€c gidm ton that nhé hon chi phi bo ra dé lap dat tu
bu tinh trong thoi gian chu ky tinh toan (Z < 0).

n
Z= (Ploss_tb - Ioss_sb)-T-Kp-Ttt - Kc -Z:QiC (12)
i=1

Trong d6: Pioss th, Ploss sb 1an Iugt 14 ton that CSTD
trude va sau khi lap dat tu bu.
4. Giai bai toan miu va danh gid hiéu qua chwong
trinh

So d6 ludi dién dung dé tinh toan 1a mang mau 34 nut

IEEE nhu hinh 4. Két qua tinh toan tir chuong trinh dugc
so sanh véi cac thuat toan t6i wu héa khac da cong bb [3],
[4], [5], [6] nhu bang 2.
16
15

13

34

Hinh 4. Mang mdu 34 nit IEEE
Bing 2. So sdnh két qud tinh todn bi t6i wu CSPK

mang 34 nut IEEE
Logic Di |Téiwu| MO Thuat
. mo | truyén | bay | phéng toén
Noi & & dan cay | tim kiém
dung | pi | Téiwu phat | sw hai
so sanh truyén | by dan trién hoa
[3] [4] (] (6]
2,8, 10,
20: 683| 20: 676 12,17, 18,
Dung |21:145| 21: 121 19, 23, 25
lugng |22: 144/ 22:136 |19: 78119: 1200|5657’ g
bu tai |23: 143] 23: 135 |20: 479| 20: 200 150
cac nat | 24: 143 24: 113 |22: 803| 22: 639
(KVAr) | 25: 143 25: 123 3, 7,20,
26: 228 | 26: 238 21, 3L:
300
TTCS
sau bu | 168,95 | 165,75 (168,80 | 161,07 | 158,72
(kw)

Két qua so sanh cho thdy chuong trinh tinh toan sir
dung thuat toan tim kiém su hai hoa c6 ton that CSTD sau
bt nho nhat (158,72 kW), dong thoi thoa mén duogc diéu
kién rang budc vé dién ap cac nut Vo > 0,9 (pu) va dung
luong tu bu theo timg cap.

5. Tinh toan bu tdi wu CSPK xuét tuyén 477 - E152
(Thang Binh - Quing Nam)

_ S0 d6 thu gon ludi dién 22kV xuét tuyén 477 - E152
gom 83 nut nhu hinh 5.

Két qua tinh toan nhu sau:

- Le“ip dat ty bu 150 (kVAr) tai cac nut: 8, 97, 12, 17,
41, 42,54, 60, 62, 63, 64, 67, 70, 73, 77, 81 vdi tong dung
luong 2400 (kVAr).

- Tén that CSTD sau bu: 133,48 kW.

- S6 tién tiét kiém duoc trong thoi gian tinh todn 5
nam: 796.643.544 (dong).

Két qua tinh toan di giam dugc ton th'?itVCSTD sau khi
bu (giam 32,07 kW), cac nat c6 dién ap thap (nat 60, 61)
da tang tir 0,9467 pu [én 0,9650 pu va tiét kiém duogc
khoan chi phi dang ké trong chu ky tinh toan.
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Dé danh gia hiéu qua va do tin c@y cua chuong trinh
xdy dung, tac gia da so sanh két qua tinh toan xuat tuyen
477-E152 voi chuong trinh PSS/ADEPT nhu bang 3.

1 I—il 2 15 @—
e 14 @—
40— 13 l'—l—.—‘—i—l—‘—u
65 66 67 68 69 70 71 72
38
59— — 12 @—
60— 1l &—
7 ; g 10
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39 90— 41 @— 59 ll—i—i
60 61
10 0— 2e— 55 @
30— 57 @—
4 Q0— 56 @—
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Py > oo o

rrrrrrrer s
Hinh 5. So do thu gon ludi dién 22kV xudt tuyén 477 - E152

So sanh dién ap cac nut trwde va sau khibu XT 477 - E152

1.05
M

i

0.95

Dién ap (pu)

0.9

0.85
1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81

Nut sé

—Dién ap cac nut trude khi bu ——Dién ap cac nitsau khibu

Hinh 6. So sanh dién dap trudc va sau khi buu XT 477-E152

Bing 3. S0 s&nh két qua tinh toan XT 477-E152
voi chuong trinh PSS/ADEPT

bu (KVAD)

Vitriva |150 (kVAr) tai céac|150 (kVAr) tai cac nat
dung [nutsau: sau:
luong bu | 8,9, 12,17, 41, 42, | 8, 10, 14, 23, 43, 50,

tai cac nut

bat tu bu dung lugng

54, 60, 62, 63, 64, 67,
70,73,77,81

bat tu bu dung lugng

54, 57, 60, 63, 64, 65,
70, 74, 81, 82

Noi dung Chwong trinh Chwong trinh
so séanh xay dung PSS/ADEPT
Tén thét

CSTD sau

khi bi 133,48 132,85
(kW)
Tong dung 2400 2400
lugng tu

Két qua tinh toan vé ton that CSTD sau khi bu va tong
dung lugng bu cua 2 chuong trinh twong duong nhau. Ca
2 chuong trinh déu sir dung tu 150 kVAr dé bu cho cac
nat trén xuat tuyén. Vi phuong phap tinh toan va ham
muc tiéu cua 2 chuong trinh khac nhau nén vi¢c lya chon
vi tri dat tu bu s€ khac nhau. Tuy nhién, vdi so do ludi
dién c6 nhiéu nit nén c6 nhiu cach lya chon vi tri dé dat
tu bi nhung van cho gia tri ton thit CSTD sau bu dat cuc
tiéu va gan nhu nhau.

6. Két luan

Chuong trinh tinh toan bu t6i wu CSPK sir dung thuat
toan tim kiém sy hai hoa két hop v6i phuong phap quét
trude/sau cho két qua tinh toan tdi uu hon so véi cac thuat
toan khac khi tinh trén cuing mang mau 34 nut IEEE.
Chuong trinh tinh toan c6 ham muc tiéu va cac diéu kién
rang budc thich hop cho viéc tinh toan bu t6i wu CSPK
xuét tuyén LDPP nudc ta.

Két qua dat dugc khi tinh bu CSPK cho xudt tuyén
477-E152 da phan nao minh chung tinh hi€u qua va tin
cay cua chuong trinh da xay dung.
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