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XOA NUT TRUNG GIAN
PE GIAM THO'I GIAN GIAI TiCH LUOT PIEN

ELIMINATION OF PASSIVE NODES TO IMPROVE LOAD FLOW ANALYSIS

Tran Thanh Son, Hoang Thu Ha, Nguyén Birc Thuan

Tom tat:

Truong Dai hoc Dién luc

Bai bdo nay gidi thiéu thuét toan xoa nit trung gian dé lam giam thdi gian

tinh toan va s6 budc 1ap cla bai toan giai tich ché do xac lap Iugi dién.
Thudt toan dugc 1ap trinh trong Matlab va kiém ching trén cac Iudi dién
chudn IEEE 30 nGt va 118 ndt. K&t qua tinh todn cho thdy thuét toan lam
giam dang ké thdi gian va téng s6 budc I3p clia bai toan gii tich IuGi dién.

Tu khoa:

Abstract:

Giai tich Iugi dién, nat trung gian, thdi gian tinh toan.

This paper introduces an algorithm, which is programmed in Matlab and is

validated by IEEE 30 and 118 nodes, to eliminate passive nodes in order to
improve load flow analysis. The computed results show that this method
can considerably reduce both computation time and number of iterations.

Keywords:

I. GIOT THIEU CHUNG

Giai tich ludi dién 1a mot bai toan quan
trong trong nghién ctru hé théng dién.
Dé nghién clru cac bai toan khac cta
hé théng dién nhu tinh toan 6n dinh,
tinh t6i wvu hoa cong sut thi bao gio
chung ta cling phai bat dau bfmg viéce
giai bai todn giai tich ludi dién. De giai
bai toan giai tich ludi dién, co rat nhiéu
thuat toan dd dwoc phat trién nhu
phuong phap Gauss-Seidel, Newton-
Raphson,... [1] [2]. Cac thudt toan tuy
rat manh nhung dbi v6i mot ludi 16n thi

Load flow analysis, passive nodes, computation time.

s6 budc lap va thoi gian 1ap ting 1én rat
nhanh khi s6 nit phu tai trong ludi
tang. Do hé thdng dién ngay cang phat
trién nén thoi gian tinh todn cho bai
toan nay 1a rat 16n. Tuy nhién xuat phat
tr nhu clu thuc té cta cac bai toan vé
véan hanh, diéu khién tc thoi, chung ta
can nghién ctru phat trién cac phuong
phap dé cai thién tdc do6 tinh toan cua
bai toan nay. Hién nay dd co rat nhiéu
phuong phap, thuat toan duoc nghién
ctru, phat trién dé lam tang téc do tinh
toan va giam yéu cau vé bo nhé cho bai
toan nay nhu: sir dung k¥ thuat ma tran

23



TAP CHi KHOA HOC VA CONG NGHE NANG LUONG (ISSN: 1859 — 4557)

thwa, st dung mot s gia thiét dé tach
bién,... [2][3]. Bai bdo nay nghién ctru
ung dung xo4 nut trung gian nham
giam thoi gian tinh todn va yéu cau vé
bd nhd trong bai toan giai tich luoi
dién.

Trong ludi dién, ngodi cac nit dau ndi
véi cac nguon hodc phu tai thi con cac
nit trung gian (nat ma chi co6 cac
duong day noi vao). Tai cac nut trung
gian nay khong c6 ngudon dong di vao
hay di ra. Do do6 ta tim cach x6a bdt
chung trudc khi dung céc thuat toan
giai tich ludi dién. Viéc x6a bt chung
trong qua trinh gidi s€ lam gidm so
phuong trinh mo ta ludi dién va do do
s€ gidm dugc bo nh¢ va thoi gian tinh
toan khi st dung cac phuong phép
Gauss-Seidel, Newton-Raphson,...

B cuc bai bao gdm 5 phan nhu sau:

e Phén I: gi6i thiéu chung;

e Phan II: gi6i thiéu vé ciac mo hinh
todn hoc cua bai toan giai tich ché do
xac lap ludi dién;

e Thuat toan x04 nut trung gian dugc
xay dung trong phan III. Cac vu diém
cua thudt toan nay s€ dugc kiém ching
thong qua tinh toan cho luéi dién IEEE
30 nat va 118 nut;

e Phan IV dua ra ing dung va két qua;
e Phéan V dua ra mot sd két luan.

2. M6 hinh bai toan giai tich
ché do xac lap luédi dién

Xét mot ludi dién gom n nat. Goi s,, J,
lan luot 1a dong cong suat, dong dién di
vao nat nhu trén hinh 1.

Goi Yy, Bei 1an luot 1a tong dan, dung
dan cua duong day noi gitra nit i va
nut k.

Sy
Ji

Hinh 1. Mé hinh 1 lwéi dién don gidn

Chon dién thé cua dat bang 0, goi
0.0, 1a dién ap day va dién ap pha cua
nat i. Ap dung phuong phap dién thé
dinh cho ludi, ta co:

ORI

Trong do:

{UHU B i ]
{JH W }

[Y] 14 ma tran téng dan, duoc xac dinh
nhu sau:

n

. . -Bci
Yu= z (Ydik +J 2kJ

k=1,k'i

2)

}./ik:Y.vki:—i/dik (l * k)
Do:
S=V3uJ (3)

Thay (3) vao (1) ta duogc:
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-

H¢ phuong trinh trinh trén dugc goi
la h¢ phuong trinh mo ta ludi dién theo
can bang dong nut. Thong thuong ta c6
thé giai hé phuong trinh trén bang
phuong phap ldap Gauss - Seidel,
Newton - Raphson,... Trong truong
hop ludi dién xét co sb lugng nut 16n
thi yéu ciu vé thoi gian va bo nhd cho
tinh toan 1a rat 16n. Trong phan tiép
theo ta xét mot thudt toan nham giam
s6 luong phuong trinh cua hé phuong
trinh (4), tr d6 giam dugc thoi gian
tinh toan va yéu cau vé bo nhé dbi véi
cac phuong phap duoc st dung dé giai

(4).

Chuong trinh tinh todn giai tich ludi
dién thuong gdm cac mo6 dun co6 chiic
nang nhu trén hinh 2.

I Nhdp cac théng s cla nit |
¥
| Nhap cédc théng s8 ca nhanh |

Nhap céc théng s8 cla cdc
phin tlr khic (néu cd)

Chgn phurong phép gidi (Gauss-
Seidel, Newton-Raphson, .. .)

Hién thj két qua

Hinh 2. Trinh tw chung
cua bai todn gidi tich lwéi dién
3. Thuat toan xoa nat trung
gian
H¢ phuong trinh mo ta ludi dién theo
can bang dong nut (4) viét dudi dang
khai trién:

Y Ut Y, Uyt Y, U H Y U = §I
U
.o .. .. .. Sy
Y, U +Y, U, +.+Y, U +.+Y, U == )
Uk
.o . S - S,
Ynl.Ul+Yn2.U2+"'+Ynk.Uk+"'+Ynn'Un -
Us

Gia sir k 1a nat trung gian: S, = 0, khi d6 phuong trinh thtt & c6 dang nhu sau:

Y, U+Y, U+.+Y, U +.+Y U =0 (6)
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Tu (6) ta suy ra:
U, = —.{Ykl-UlﬂLYM-U2 +...+Ykn-Un}
Y,

kk
(7)
Thay (7) vao cac phuong trinh con lai
cua (5) ta nhan duogc:

Yil_Yik:Ykl U F Y- Yik:Ykz Uyt
Ykk B Ykk |
dy YuYa | oS
| Y, ] Ui
)
voii=1...ni#k
bat:
g Y, .Y, ) )
Y=Y, ! ik, j#k,
Y,

Cong thuc (9) con dugc goi 1a cong
thire Kron [3].

Phuong trinh (8) tré thanh:

Y, U+Y, U +.+Y, U =

véii=1...ni %k

Nhu vay khi nat £ 1a nlt trung gian ta
c¢6 thé loai bo né trong qua trinh tinh
toan va cac thanh phan cia ma trin
tong dan dugc tinh lai bang cong thirc
(9). Ap dung cong thirc (9) cho timg
nut trung gian ta s€ nhan dugc 1 hé
phuong trinh mé ta ludi dién chi con

(n - m) phuong trinh. Trong do m la
tong s nut trung gian.

So d6 chi tiét cua khdi xir Iy nit trung
gian duoc biéu dién trén hinh 3. So d6
nay di dugc 1ap trinh trong Matlab dé
kiém nghiém. Trong chuong trinh, sau
khi mdi nut trung gian dugc xo4 thi cac
vece to dién ap, cong suat loai nat, ma
tran tong dan Y va téng sé nut duoc cap
nhat lai. Dé thuan tién cho viéc khai
thac két qua sau khi tinh toan, chuong
trinh str dung riéng mot mo dun dé sao
luu viéc x04. M6 dun nay cho phép ta
tim lai dung nat ban dau khi chua tién
hanh xo04 ntt.

Ma trdn Y
Véc to loai ndt

Xod phn tir thir k cha loai nit
Xéa hang kva citkcla matrinY
Cap nhit lai cdc théng sd cha ndt va nhinh

Tinh Y, theo
cbng thire (9)

Hinh 3. So db chi tiét
khéi xi& ly nat trung gian

Hinh 4 14 so d0 chwong trinh giai tich
ludi dién cé chiic nang xo0d nut trung
gian. Ta thiy trong so dd nay c6 thém
ba khéi 1a: Xoa nit trung gian va cip
nhat lai gid tri di¢n ap theo dung thu tu
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ban dau va tinh dién 4p cac nht trung
gian. So d6 thuat toan nay da duoc tac
gia 1ap trinh trong moi trudng Matlab.

| Nhip céc thdng s cla nat |

| Nhép c4c thdng sd cla nhanh l

Nhap céc théng s6 clia céc
phén tlr khic (néu co)

Hién thi két qua

Tinh dién ap cac nut
trung gian

Xoa niit trung gian

Chon phuang phap giai (Gauss-
Seidel, Newton-Raphson, .. .)

Cép nhét lai gia trj
> dién dp theo ding
thir ty niit ban diu

Hinh 4. So’ d6 chwong trinh gidi tich
lwéi dién cé chire ndng xod nut trung gian

4. UNG DUNG VA KET QUA

Dé kiém tra hiéu qua cia thut toan xoa
nat. Thuat todn xo04 nut trung gian da
duoc tmg dung dé mé phong tinh toan
cho cac luéi dién chuan TEEE 30 nat va
IEEE 118 nat. Cac két qua duoc thuc
hién tinh toan trén may tinh hé diéu

hanh OS X, 2,26 Ghz Intel Core 2 Duo,
2 GB 1067 MHz DDR3.

Ludi dién chuan IEEE 30 nuat, 41
nhanh, trong d6 c6 6 nut trung gian la:
6,9, 22, 25,27 va 28. Céac thong sb cua
ludi nhu trong phu luc 1 va 2.

‘Three Winding Transformer
Equivalents

13

9 10

G: Generators
C: Synchronous condensers

Hinh 5. So dé lwéi dién IEEE 30 nut

Béng 1. Téng sé buwdrc Idip va thoi gian gidi bai todn IEEE 30 nut
bdng phuong phdp Gauss-Seidel khi cé va khéng cé xir Iy nut trung gian

Khong ¢o Co x06a nit
x0a nut trung gian trung gian
Téng s6 budce lap 332 214
Thoi gian giai bai toan (s) 0.18 0.12
Thoi gian chay thuat toan x6a nut trung
. 0 0.01
gian (s)
Do léch dién p 16n nhat & bude lap cudi 9.76E-07 9.61E-03
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Khi sir dung phuong phap Gauss-Seidel
[2] dé giai bai toan thay két qua vé dién
ap & budc lap thur 332 dbi véi trong
hop khong c6 xo6a nut trung gian va &
budce 1dp 214 khi c6 xda nuit trung gian
1a gidng nhau (Phu luc 3). Bang 1 tong
két tong sb budc lap, thoi gian giai va
thoi gian x6a nuat trung gian ciling nhu
d6 1éch dién ap 16n nhét trong 2 truong
hop xét. Ta thay thoi gian dé xo6a nit
trung gian chiém rat it (0.01s). Tuy
nhién hiéu qua cta ndé mang lai rat cao.
Sau khi x6a cac nit trung gian di thi s6
budc 1dp cua thudt toan Gauss-Seidel
chi con 214 budce, gidam 118 budc. Thoi
gian gidi bai toan giam tu 0,18 gidy
xubng 0.12 gidy (giam dugc 33% thoi
gian giai bai toan).

Xét ludi dién chuan IEEE 118 nut, 186
nhanh, trong d6 c6 10 nut trung gian. St
dung cing 1 diéu kién dimg lap v6i do
dién 4p yéu cau € = 10° ta co tong sd
budc va thoi gian chay trong truong hop
c6 xur ly nut trung gian va khong c6 xur
1y ntt trung gian nhu trong bang 2.

Ta thiy thoi gian dé x6a nut trung gian
chiém rét it. Tuy nhién hiéu qua cta n6
mang lai rit cao. Sau khi x6a cac nut
trung gian di thi sb budc lip cua thuét
toan Gauss-Seidel chi con 889 budc,
giam 278 budc. Thoi gian gidi bai toan
giam dang ké tir 6.17 gidy xudng 3.83
gidy (giam duogc 38% thoi gian gidi bai
toan).

Bdng 2. Téng s6 budc Idip va thoi gian gidi bai todn IEEE 118 nut
bdng phuong phdp Gauss-Seidel khi cé va khéng cé xir Iy nut trung gian

Khong co Co x06a ntt trung
x06a nut trung gian gian
Tbng sb budc lap 1167 889
Thoi gian giai bai toan (s) 6.17 3.83
Thoi gian chay thuat toan x6a ntt trung gian 0 0.04
Do 1éch dién ap 16n nhét & bude lap cudi 9.9385¢-07 9.9205¢-07

5. KET LUAN

Bai bao da gidi thiéu chi tiét thuat toan
dé xod nut trung gian trong tinh toan
giai tich ludi dién. Két qua tinh toan
cho céc ludi dién chuan IEEE 30 va

118 nut cho thay thuat toan cho phép
giam dang ké thoi gian tinh toan va sb
budce lap.
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6. PHU LUC
Phu luc 1. Di¥ liéu nut lwéi dién IEEE 30 nut
Nut Loai |Mo dun U| Géc pha U| Pnguon | Onguon Ptai Qtai Omin Omax
nut (kV) (degree) (MW) (MVAr) (MW) (MVAr) (MVAr) (MVAr)
1 0 1.06 0 0 0 0 0 -1000 1000
2 1 1.043 0 40 0 21.7 12.7 -40 50
3 2 1 0 0 0 2.4 1.2 -1000 1000
4 2 1.06 0 0 0 7.6 1.6 -1000 1000
5 1 1.01 0 0 0 94.2 19 -40 40
6 2 1 0 0 0 0 0 -1000 1000
7 2 1 0 0 0 22.8 10.9 -1000 1000
8 1 1.01 0 0 0 30 30 -10 40
9 2 1 0 0 0 0 0 -1000 1000
10 2 1 0 0 19 5.8 2 -1000 1000
11 1 1.082 0 0 0 0 0 -6 24
12 2 1 0 0 0 11.2 7.5 -1000 1000
13 1 1.071 0 0 0 0 0 -6 -24
14 2 1 0 0 0 6.2 1.6 -1000 1000
15 2 1 0 0 0 8.2 2.5 -1000 1000
16 2 1 0 0 0 3.5 1.8 -1000 1000
17 2 1 0 0 0 9 5.8 -1000 1000
18 2 1 0 0 0 32 0.9 -1000 1000
19 2 1 0 0 0 9.5 3.4 -1000 1000
20 2 1 0 0 0 22 0.7 -1000 1000
21 2 1 0 0 0 17.5 11.2 -1000 1000
22 2 1 0 0 0 0 0 -1000 1000
23 2 1 0 0 0 32 1.6 -1000 1000
24 2 1 0 0 43 8.7 6.7 -1000 1000
25 2 1 0 0 0 0 0 -1000 1000
26 2 1 0 0 0 3.5 2.3 -1000 1000
27 2 1 0 0 0 0 0 -1000 1000
28 2 1 0 0 0 0 0 -1000 1000
29 2 1 0 0 0 24 0.9 -1000 1000
30 2 1 0 0 0 10.6 1.9 -1000 1000
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Ghi chu: Loai nut c6 gia tri 0 la

nat cAn bang cong sudt, 1 1a nat PV, 2 Ia

nut PQ.
Phu luc 2. Di¥ liéu nhdnh Iwéi dién IEEE 30 nut
Nhanh | Nitddu | Nit cudi R X G B pf;isjp
1 1 2 0.0192 0.0575 0 0.0528 1
2 1 3 0.0452 0.1852 0 0.0408 1
3 2 4 0.057 0.1737 0 0.0368 1
4 3 4 0.0132 0.0379 0 0.0084 1
5 2 5 0.0472 0.1983 0 0.0418 1
6 2 6 0.0581 0.1763 0 0.0374 1
7 4 6 0.0119 0.0414 0 0.009 1
8 5 7 0.046 0.116 0 0.0204 1
9 6 7 0.0267 0.082 0 0.017 1
10 6 8 0.012 0.042 0 0.009 1
11 9 6 0 0.208 0 0 0.978
12 10 6 0 0.556 0 0 0.969
13 9 11 0 0.208 0 0 1
14 9 10 0 0.11 0 0 1
15 12 4 0 0.256 0 0 0.932
16 12 13 0 0.14 0 0 1
17 12 14 0.1231 0.2559 0 0 1
18 12 15 0.0662 0.1304 0 0 1
19 12 16 0.0945 0.1987 0 0 1
20 14 15 0.221 0.1997 0 0 1
21 16 17 0.0824 0.1923 0 0 1
22 15 18 0.1073 0.2185 0 0 1
23 18 19 0.0639 0.1292 0 0 1
24 19 20 0.034 0.068 0 0 1
25 10 20 0.0936 0.209 0 0 1
26 10 17 0.0324 0.0845 0 0 1
27 10 21 0.0348 0.0749 0 0 1
28 10 22 0.0727 0.1499 0 0 1
29 21 22 0.0116 0.0236 0 0 1
30 15 23 0.1 0.202 0 0 1
31 22 24 0.115 0.179 0 0 1
32 23 24 0.132 0.27 0 0 1
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Nhénh | Nut ddu | Nt cudi R X G B He Sjpph‘i"
33 24 25 0.1885 0.3292 0 0 1
34 25 26 0.2544 0.38 0 0 1
35 25 27 0.1093 0.2087 0 0 1
36 27 28 0 0.396 0 0 0.968
37 27 29 0.2198 0.4153 0 0 1
38 27 30 0.3202 0.6027 0 0 1
39 29 30 0.2399 0.4533 0 0 1
40 8 28 0.0636 0.2 0 0.0428 1
41 6 28 0.0169 0.0599 0 0.13 1

Ghi chu: Cac dai lugng cho trong hé don vi tuong ddi véi S.,= 100 MVA.

Phu luc 3. Két qud dién dp khi st dung phwong phdp Idp Gauss-Seidel

Nut

Khi khong xoa nut trung gian

Khi x6a nut trung gian

biép ap ¢ budce lap tha 332

biép ap o budc lap the 214

1.06

1.06

N

1.03905028761339 + 0.0906835145466580;

1.03903464602858 + 0.0908625574824956/

1.01354928623127 + 0.132103074407876/

1.01349686648506 + 0.132365882924455;

1.00109738909742 + 0.157768073693736/

1.00102901868089 + 0.158084832564183;

0.982927745601444 + 0.232277951874179;f

0.982860743588965 +0.232561300976209;

0.995368460836308 + 0.184862438790075/

0.981015602486704 +0.211877912986230;

0.980932506841698 +0.212229210548184;

0.991305397200997 + 0.193425979331047;

0.991197004747754 + 0.193980663415407;

O || I || || W

1.02186197086895 + 0.246841064498913;

1.00822551100959 + 0.273602352228669;

1.00810843655132 + 0.274000355033744;

11

1.05174957370265 + 0.254060690025624;

1.05164734499887 + 0.254483519617324;

12

1.02372210561750 + 0.265249293402201;

1.02362275997588 + 0.265616546549442;

13

1.03676405935008 + 0.268628526482113;

1.03666735645510 + 0.269001472227203;

14

1.00513977429196 + 0.276970214882502;

1.00503477151969 + 0.277336089117839;

15

1.00032542021948 + 0.277112205623296/

1.00021696294454 + 0,277481004131120;

16

1.00894605135258 +0.271796566702152;

1.00883752271466 + 0.272173587002838;

17

1.00232017092814 + 0.275298034983701;

1.00220457933684 + 0.275687265373410;

18

0.988021065598919 + 0.284658063204765/

0.987905956291684 + 0.285031419507915;
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) Khi khong xoa nut trung gian Khi x6a nut trung gian

i biép ap 6 budc lap thi 332 biép ap ¢ budc lap tha 214

19 | 0.984678564562396 + 0.286643875420137; | 0.984560487009326 + 0.287021394344200;
20 | 0.989544917180859 +0.284229268109541; |[0.989426666289880 + 0.284611474621208;
21 | 0.994257879075118 +0.278105359072111; |[0.994138608437912 + 0.278499877092445;
22 | 0.994877772179056 + 0.278021102381140;5

23 | 0.988436230957465 +0.280599201857041; |[0.988322002774770 + 0.280975135086054;/
24 | 0.982340893123735 +0.281487185696435; |[0.982220580566872 + 0.281876250540894;
25 | 0.981942374808005 + 0.273279806693001;

26 | 0.962960619563021 + 0.275582879360882; [0.962834650044340 + 0.275981414185688;
27 | 0.991098601291365 + 0.265967916892433;

28 | 0.991929414230402 + 0.195316387508362;

29 | 0.966210181114311 + 0.281525313246853; [0.966077181733512 + 0.281935252375233;
30 | 0.950853415213213 +0.292922880031610; |[0.950715334049130 + 0.293326384575595;
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