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Tém tat:

Bai todn phan bd dong céng suét 1a mét trong nhitng bai todn quan trong va dudc ing dung phé
bién nhéat trong nganh dién. Cho dén nay, cac phuang phép I8p dudc sir dung dé gidi bai toan nay
da dudc dua vao tat ca cdc phan mém tinh todn vé& hé thdng dién, phd bién nhét 1a Gauss-Seidel va
Newton-Raphson. Cé nhiéu cong trinh nghién c(tu nham t6i vu cac phucng phap 13p nay & hai muc
tiéu: dd chinh xac va tdc dd hdi tu. Gauss-Seidel c6 diém yéu 1a tdc dd hdi tu chdm, vi vdy, da cb
nhiéu nghién cffu nhdm cai thién viéc nay, dién hinh la viéc t8i vu hda hé s tdng téc trong thuét
toan. Tuy nhién, gia tri cla hé s6 tang t6c thudng dugc dé nghi trong mot khoang s6 thuc. Vi vay,
bai bdao nay hudng dén viéc dua ra mot gia tri thuc cla hé so tang tdc cho tirng IuGi dién phan phai
trudce khi thuc hién tinh toan phan b6 dong cong suét.

T khoa:
Gauss-Seidel, phuang phap Idp, hé s6 tang toc, phan b6 dong céng suat.

Abstract:

The load flow calculation is one of the most important and commonly applied problems in the power
system. To date, the iterative methods used to solve this problem have been incorporated into all
power system software, most commonly Gauss-Seidel and Newton-Raphson. There are many
research works to optimize these iterative methods in two objectives: accuracy and convergence
speed. Gauss-Seidel has a weakness of slow convergence, so there have been many studies to
improve this, typically optimizing the acceleration factor in the algorithm. However, the value of the
acceleration factor is usually recommended in a range. Therefore, this article aims to give a fix value
of the acceleration factor for each distribution grid before performing the power flow.
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1. GIOI THIEU CHUNG toan c6 nhiém vu xac dinh cac thong sb
Bai toan phan bé dong cong suat 1a mot  dién cua ludi, bao gom dién ap ndt, dong
bai toan rat co ban cua hé thong dién. Bai  hay cong suat nhanh (nat) va cac dai
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luong dan xuat khac nhu ton that cong
suét, tén that dién ap, cac dac trung vé
khai ning tai va 6n dinh... Bai toan nay
phuc vu c6ng tac quy hoach, thiét ké luéi
dién, diéu do van hanh, va 1a co s¢ cho
l6p bai toan phan tich hé théng dién
(power system analysis) bao gém tinh
toan ngan mach, on dinh, phan tich su cb
(contingency analysis), hay tinh toan céac
thong s diéu chinh diéu khién ché do, toi
uu hoa ché d6 1am viéc...

Niam 1823, Gauss da dé cap dén mot
phuong phap dé giai quyét hé phuong
trinh dai s6 tuyén tinh. Phuong phap nay
dugc xem 1a phuong phéap lip dau tién
dugc phat trién [1]. Nam 1847, Seidel
cong bé mot nghién ciu vé viéc cai tién
phuong phap 1ap Jacobi [2]. Tuy nhién,
Seidel nhan ra day chinh la phuong phap
lap ma Gauss da dua ra trude do, vi vay
phuong phap nay con dugc goi la Gauss-
Seidel. Phuong phap 1ap Gauss-Seidel co
wu diém 14 1ap trinh don gian hon, chi can
mot vector x dé chira moi xap xi nghiém.
Vé toc do hoi tu, phuwong phap 13p Gauss-
Seidel cho téc d6 hoi tu cao hon phuong
phép lap Jacobi trong mét sé truong hop.
Phuong phap 1ap Gauss-Seidel la sy khoi
dau cho hang loat cic phuong phéap 1ap
duoc hinh thanh & nia sau cua thé ki XX
(phuong phap Richardson, phuong phap
Liebmann [3]). Tuy nhién, mot s6 nghién
cau khi tng dung phuong phap Gauss-
Seidel vao cac ludi dién thuc té da cho
thay tdc d6 kém cua phuong phap nay doi
V6i cac ludi dién co sé luong nat 16n [4].
Cac phuong phap Gauss-Seidel song song
(Parallel Gauss-Seidel method) gop mot

phan giai quyét diém yéu nay. Phuong
phap nay truéc hét s& chia nho ma tran
tbng dan Y thanh cac khéi ma tran nho
hon nidm doc theo duong chéo chinh
(Block-Diagonal-Bordered form) thdong
qua cac phuong phap phan tich ma tran
(Node-tearing method) nhu phuong phap
Diakoptic [5], [6]. Sau d6 phuong phap
Gauss-Seidel duoc sir dung dé giai quyét
tirng ma tran con nay. Mot phuong phap
cai thién toc do thuat toan khac ciing da
dugc nghién cau 1a cach ding hé sé ting
téc. Ky thuat nay con co tén goi la SOR
(Successive Over Relaxation) [7]. K¥
thuat nay, & budc lap tiép theo, thay vi st
dung truc tiép véc to xap xi nghiém vira
thu dugc & budc lap trudc, vecto xap xi
sau duoc sir dung:

xftl =x0(1— a) + ax"*? (1)

K¥ thuat nay chi gilp bai toan hoi tu
khi gia tri a (hé sb ting toc) thoa man
0 <o< 2. Trong khoang gi4 tri nay, néu ta
chon a=1 ta cb thuat toan Gauss-Seidel
goc, a>1 ta c6 k¥ thuat over-relaxation
(SOR), o<l ta c6 ky thuat under-
relaxation. Tuy nhién ky thuat thuong
dugc sir dung la SOR do kha nang tang
téc cao hon. Kha ning ting toc cua 2 ky
thuat duoc thé hién qua hinh 1.

| <héng hai
B _

Z opt

1 1 1 -
1 ) 2 0m

Hinh 1. Kha nang tang téc cha cac k¥ thuat
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Eiermann va cong su [8] dd dua ra mot
cbng thirc thuc nghiém duoc coi la cong
thirc nén tang cho viéc téi wu hoéa hé sb
tang toc nhu sau:

2

TN SO

a

(2)

Trong do,

p(B): tri tuyét ddi 16n nhét cua céc gia tri
riéng matran B;

B =D« (L+U): véiD,L, U lan luot
la ma tran duong chéo, ma tran tam giac
trén va ma tran tam giac dudi dugc tach ra
tir ma tran tong dan Y.

Tuy vay, viéc str dung cong thirc nay ciing
gay ra kha nhiéu khé khan, nén trong thuc
té, hé sb tang téc thuong duoc lya chon
theo kinh nghié¢m.

Phan tiép theo cua bai béo nay s& dugc
mo ta theo cAc phan nhu sau: phan 2 gioi

2.2. Théng sé nit

(ISSN: 1859 - 4557)

thiéu dir liéu ludi dién va coéng cu lap
trinh thuat toan, phan 3 gidi thiéu két qua
va thao luan, va phan 4 két luan cing véi
d6 1a nhiing hudng nghién cuu trong
tuong lai.

2. DF LIEU,THUAT TOAN VA CONG
CU THU'C HIEN

2.1. Lwéi dién thir nghiém

Ludi dién dung dé mo phong tinh toan la
ludi dién 36 nat nhu hinh 2.

sé 8 17 250- 285 35
a 2L g U YT S ¥ S ¥ S

L LT

11 13 15 18 19 21 23 26 29

10 32

Hinh 2. S dd md phéng lwéi dién 36 nit

Bang 1. Théng sé cac nat

Nat | Piénép | Loai Pnguén Qnguin Ptai Qtai Tmax
(kV) nat (KW) (KVAT) (kW) | (KVAr) (h)

1 22 0 0 0 0 0 4183
2 22 2 0 0 0 0 4183
3 22 2 0 0 0 0 4183
4 22 2 0 0 0 0 4183
5 0,4 2 0 0 30,6 10,1 4183
6 22 2 0 0 0 0 4183
7 22 2 0 0 0 0 4183
8 0,4 2 0 0 601,1 197,6 4183
9 22 2 0 0 0 0 4183
10 0,4 2 0 0 1279 421 4183
11 22 2 0 0 0 0 4183
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NGt | Dién ap | Loai Pngubn Qngudn Puai Qtii Tmax
(KV) nat (KW) (KVAr) (kW) | (KVAr) (h)
12 22 2 0 0 143,5 47,2 4183
13 22 2 0 0 0 0 4183
14 22 2 0 0 62,2 20,5 4183
15 22 2 0 0 0 0 4183
16 22 2 0 0 0 0 4183
17 0,4 2 0 0 12,5 41 4183
18 22 2 0 0 0 0 4183
19 22 2 0 0 0 0 4183
20 22 2 0 0 26,9 8,9 4183
21 22 2 0 0 0 0 4183
22 22 2 0 0 355,5 116,8 4183
23 22 2 0 0 0 0 4183
24 22 2 0 0 0 0 4183
25 0,4 2 0 0 52,2 57,2 4183
26 22 2 0 0 0 0 4183
27 22 2 0 0 0 0 4183
28 22 2 0 0 2540,8 835,1 4183
29 22 2 0 0 0 0 4183
30 22 2 0 0 0 0 4183
31 22 2 0 0 0 0 4183
32 0,4 2 0 0 672,6 221,1 4183
33 22 2 0 0 26,5 8,7 4183
34 22 2 0 0 0 0 4183
35 22 2 0 0 777,8 255,7 4183
36 22 2 0 0 0 0 4183
2.3. Théng sé dwéng day
Bang 2. Théng s6 cac dwong day
Nhanh | NOt | Nt ghiéu Ro Xo Go Bo
dau cuoi | dai (km) | (Q/km) (Q/km) (uS/km) (uS/km)

1 1 2 0,55 0,0905 0,181 0 91,6

2 2 3 0,5 0,204 0,408 0 0

3 3 4 0,025 0,78 1,56 0 0

4 3 6 0,5 0,204 0,408 0 0

5 6 7 0,01 0,78 1,56 0 0
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Nhanh | N0t | Nat | Chiéu Ro Xo Go Bo
dau cuoi | dai (km) | (Q/km) (Q/km) (US/km) (US/km)
6 9 0,06 0,78 1,56 0 0
7 11 0,1 0,204 0,408 0 0
8 11 12 0,135 0,396 0,792 0 0
9 11 13 0,3 0,204 0,408 0 0
10 13 14 0,118 0,552 1,104 0 0
11 13 15 0,2 0,204 0,408 0 0
12 15 16 0,075 0,78 1,56 0 0
13 15 18 0,118 0,204 0,408 0 0
14 18 19 0,1 0,252 0,504 0 0
15 19 20 0,17 0,4644 0,9288 0 0
16 19 21 0,1 0,252 0,504 0 0
17 21 22 0,114 0,396 0,782 0 0
18 21 23 0,3 0,252 0,504 0 0
19 23 24 0,175 0,78 1,56 0 0
20 23 26 0,07 0,252 0,504 0 0
21 26 27 0,121 0,384 0,768 0 0
22 27 28 0,01 0,78 1,56 0 0
23 26 29 0,07 0,252 0,504 0 0
24 29 30 0,1 0,78 1,56 0 0
25 29 34 0,046 0,252 0,504 0 0
26 30 31 0,05 0,78 1,56 0 0
27 30 33 0,12 0,78 1,56 0 0
28 34 35 0,653 0,324 0,648 0 0
29 34 36 0,198 0,324 0,648 0 0

2.4. Thong sé cac may bién ap

Bang 3. Théng sé cac may bién ap

Nhanh | Nut | Nuat Sdm Ucdm Uhdm Un APy APy lo
CA HA (kVA) (kV) (kV) (%) | (kW) | (kW) | (%)

1 4 5 250 22 0,4 4 3,05 0,65 6

2 7 8 320 22 0,4 4 3,67 0,7 6

3 9 10 1250 22 0,4 55 12,91 1,72 6

4 16 17 1000 22 0,4 5 9,5 1,57 6

5 24 25 1250 22 0,4 55 12,91 1,72 6

6 31 32 750 22 22 0,4 4,5 6,68 6
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Cac thdng sé may bién ap duoc cho thiéu
bo thdng sé tiéu chuan bao gom vi tri, ton
that khong tai, cd tai, dong khéng tai phan
tram, dién 4p ngan mach phan tram.

2.5. Cong cu thwc hién

Nghién ctu dugc thuc hién bing phan
mém Matlab phién ban R2018a v&i cau
hinh may tinh: Intel(R) Core(TM) i7-
6820HQ CPU @ 2.70GHz 2.70 GHz;
RAM 16.0 GB.

2.6. SO bO THUAT TOAN

Vao s6 liéu : trd,khdng
nhénh, cng suit nit

Tinh céc dién din twong hd, dién din riéng
Tinh céc hé s6a’, a”, b’, b7 ; i=1+n
v
Gén c4c gi4 tri ban ddu
Ul U =1
[ 2

Lap [k}=1
r3 l
Niti=1
| v L1
i=i+1 Tinh ¢’ ¢, d’,d";,e7,e7;

Lt |

k=k+1

Khong dat
Kiém tra diéu
kién héi tu
Dat
Tinh céc théng s& ch€ d¢ khic

v
In két qua >

Hinh 3. Lwore dd téng quat thuat toan
Gauss-Seidel

Thuat toan tinh toan la Gauss-Seidel cai
tién voi hé s tang tdc. So dd thuat toan
thuc hién nhu hinh 3. Thong s6 dau vao
cua thuat toan chinh 1a théng sb cua cac
phan tir trong luéi dién di mo ta trong
phan dit liéu trén. Trong dé, thong sé nit
bao gém cong suét phu tai (Pui, Qui), loai
nut (SL, PV, PQ), Qmax, Qmin, Tmax, dién
ap dinh mac Udm; thong sé duong day
bao gom vi tri ntt dau-nat cudi, chiéu dai,
Ro, Xo, Go, Bo; thong sé tram bién &p bao
gom vi tri nat dat, dién ap cac cap, Un%,
APN, APo, 10%.

3. KET QUA VA THAO LUAN

M6 phong va tinh toan voi sai sé cho
phép ¢ = 1071% Trusc khi ap dung k¥
thuat tiang toc, két qua thoi gian hoi tu caa
thuat toan duoc ghi lai nhu bang sau. Dé
tim gia tri hé s6 tang tdc tbi wu, thuat toan
duoc thuc hién lap lai véi tung gia tri hé
s6 tang toc trong khoang tir 0 dén 2, trong
do véi gid tri a = 1 thi phuong phap lap
tro vé phuong phap Gauss-Seidel nguyén
ban. Thoi gian hoi tu (thuc thi) cua thuat
toan ddi véi ting gia tri hé sé tiang toc s&
duoc ghi lai trong bang 4.
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Bang 4. Két qua chay kiém tra th&i gian thwc thi véi cac gia tri hé sé tiang toc khac nhau

a 0 0.2 0,4 0,6 08 1
Thoi gian (s) NA 191,739 51,838 24,778 13,678 8,133
S6 budc lap NA 33056 15840 9685 6460 4449
a 1.2 14 16 18 2
Thoi gian (s) 4,346 2,663 1,472 0,652 NA
S6 buac lap 3060 2030 1224 581 NA
Bang 5. Két qua hdi tu khi chwa ap dung k¥ thuat tang téc
Nat | 1 2 3 4 5 6 7 8 9 10 11 12
Dég” 22,00021,979| 21,936 | 21,936 | 0,398 | 21,893 | 21,892 | 0,377 | 21,892 | 0,397 | 21,885 | 21,885
Nat | 13 | 14 | 15 16 17 18 19 20 | 21 | 22 23 | 24
Dégn 21,864(21,864| 21,850 | 21,850 | 0,397 | 21,842 | 21,833 | 21,833 | 21,824 | 21,823 | 21,801 | 21,800
Nat | 25 | 26 | 27 28 | 29 | 30 | 31 32 | 33 | 34 | 35 | 36
D{;ﬁ” 0,396 [21,795| 21,786 | 21,785 | 21,793 | 21,789 | 21,787 | 0,387 | 21,789 | 21,792 | 21,780 | 21,792
Thoi 8,133844 (3)
gian

Két qua nay c6 thé duoc biéu thi dudi
dang truc quan nhu hinh 4.

150 \

100

Theigian (s)

50

0
02 04 08 1 12 14 16 18 183

Glétr] hé s&ting tée

Hinh 4. Hién thi trwc quan so sanh téc dé thuc
thi thuat toan twong tng cac gia tri hé sé
tiang téc
Véi két qua trén, mot sé nhan xét sau day

c6 thé nhan thay:

= He s tang toc o lam giam dang ké thoi
gian thuc hién cua thuat toan (tr 8,133
gidy xuéng con 0,652 giay).

= Pé thuat toan hoi tu thi hé s ting toc o
phai nam trong khoang gia tri tir 0 dén 2
(khdng khuyén céo st dung gia tri 0 va 2).
» MJdi mot luéi dién cu thé cd thé sé cé
mot hé sé ting toc o tdi wu va can phai
duoc lya chon trugce khi thuc hién nhiéu
tac vu tinh toan khac.

Mat khac, vai dir liéu cua ludi dién da
cho, khi &p dung cong thirc thuc nghiém
(2), gia tri hé sé tang téc 0=1,7662. Gia
tri nay kha sat vai gia tri a=1,8 tim duoc

S6 30
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bing thuc nghiém ¢ trén. Tuy nhién,
xung quanh gid tri 1,8, cac lan mo
phong chay thir cho két qua khdng khac
biét va bi anh huong rat nhiéu boi cach
thic thuc hién (vi du viéc cé khai dong
lai may tinh hay khong trudc khi thuc
hién chay thur gia tri maoi).

4. KET LUAN

Ngay nay, mic du da c6 nhiéu thuat toan
tinh trao luu cong suat, tuy nhién Gauss-
Seidel van la mot trong hai thuat toan tin
cay duoc tich hop trong tat ca céc phan
mém tinh toan luéi dién phd bién. Tuy
vay, tat ca cac phan mém nay déu khong
cho phép lya chon tich hop ky thuat tang
téc don gian ciing nhu thay ddi gia tri hé

s6 tang t6c phu hop mdi d6i tuong tinh
toan. Chinh vi vay, thoi gian hoi tu lubn la
can tro ciia Gauss-Seidel ddi véi cac ludi
dién nhiéu nit, nhat 1a cac ludi dién phan
phdi khu vuc thanh thi. Viéc tich hop ky
thuat tang téc va cho phép tiy bién gia tri
hé s6 ting téc o s& 1a mot giai phap tot
cho van d& nay. Ngudi van hanh cé thé
Iya chon theo cong thuc thuc nghiém (2)
hoic (trong truong hop tdi wu) co thé thiét
lap mot quy trinh thir nghiém hé sé ting
téc dé tu lya chon gia tri toi wu trudc khi
thuc hién céc bai toan phan tich tiép theo.
Viéc lua chon gia tri a trudc nay sé€ giup
tang hiéu suat lao dong ciing nhu giam
duogc thoi gian chét khong dang co trong
qua trinh phan tich, xu ly su ¢d.
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