ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE DAl HOC DA NANG, SO 11(96).2015, QUYEN 1 57
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CALCULATING ENERGY LOSS FOR ELECTRIC DISTRIBUTION NETWORKS
BY MEANS OF AN EQUIVALENT INJECTION CURRENT ALGORITHM
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Truwong Pai hoc Dién luc; sontt@epu.edu.vn

Toém tat - Tinh toan tréo lwu cdng suét la mét nhiém vu quan trong
trong phan tich hé théng dién. Dic biét, viéc sir dung mot thuat toan
€0 do chinh x&c cao va thdi gian tinh toan nhanh la mét yéu cau can
thiét cho cac van dé t6i wu lwéi dién phan phéi dang dwoc quan tam
nghién ctru hién nay. Bai bao nay gidi thiéu (rng dung cua thuét toan
dong dién nat twong dwong trong phan tich, tinh toan tdn that dién
nang cla lwéi dién phan phdi. Thuat toan d& xudt sau d6 dwoc ap
dung dé tinh toan ton that dién nang cho 16 473E4.6 cla lwdi dién
trung ap Viét Tri. Hiéu qua tinh toan cla thuat toan dong dién nut
twong dwong dwoc so sanh voi thuat toan Gauss-Seidel nham lam
ré wu didm va trién vong (ng dung ctia thuat toan nay.

Tir khoa - trao lvu cong suét; dong dién nut twvong duong; phwong
phap Gauss-Seidel; ton that dién nang; ton that cong suat.

1. Dit véan dé

Ludi dién phan phéi trung ap dugc ding dé két ndi cac
trung tAm phu tai v6i ludi dién truyén tai. Cac ludi dién nay
thuong c6 cAu trac hinh tia, bao gém mdt duong truc chinh
tir tram bién 4p va cac duong ré nhanh két ndi phu tai toi
duong truc nay. Luéi dién hinh tia duoc st dung phd bién
béi cau tric don gidn va chi phi dau tu thip. Tuy nhién, do
dién ap cuia mang dién phan ph01 thap (dong dién trén duong
day 16n hon) dan dén ton that cong sudt dang ké trén ludi
dién nay so vé6i ludi dién truyén tai. Theo udc tinh ctia Tap
doan Dién lyc Viét Nam, ton thit dién nang toan hé¢ théng
nam 2014 1a 8,49%, trong do tén tht trén ludi dién phan
phéi chiém khoang 6%. Ti & ton thit nay dugc ki vong tlep
tuc giam trong nhitng nam tlep theo. Chinh vi vay, giam t6n
that dién ning 1a mot yéu cau cap thiét ddi voi cac cong ty
dién luc, dac biét trong linh vuc phan phéi dién nang.

Céc bién phap phd bién cho phép giam ton that dién
nang trén ludi dién phan phdi gdm cé tai cAu trac ludi dién,
bu cong sudt phan khang. .. Tai cdu trac ludi dién s& thay
d6i dong cong sudt di tir nat ngudn dén phu tai mot cach
hop li hon, cho phép giam ton that trén duong ddy. Trong
khi d6, phuong phap sir dung tu bu khong chi cho phep lam
giam ton that ma con cai thién dién ap, hé s6 cong suat cua
luéi dién. Cac g1a1 phép nay doi hoi g1a1 quyet chc van dé
t6i uu lién quan dén cac rang budc vé kinh té va ki thuat,
dé co thé lwa chon cau hinh t6i wu cua lugi dién hay vi tri
va dung luong bu i wu khi st dung tu bu.

Céc 101 giai tdi wru nay chi c6 thé dat duoc khi bai toan
trao luu cong suat dugc giai nhidu lan. Chinh vi vy, nhidu
thudt toan trao luu cong sudt c6 do chinh xac cao va thoi
gian tinh toan nhanh da dugc dé xuét cho ludi dién phan
phéi. Cac thuat toan nay co6 thé ké nghién ctru duoc dé xuit
boi Hamouda va ddng nghiép [1]. Bhujel [2] dé xudt thuat
toan dya trén phuong phéap lan truyén thuan, nghich. Gosh
va Das [3] d4 dé xuét thudt toan trao luu cong suit cho ludi

Abstract - Calculating power flow is an important task in the
analysis of a power system. Especially, the use of a highly accurate
algorithm with less computing time is a necessity for the problems
of distribution system optimization which is a current concern. This
paper introduces the application of an equivalent current injection
algorithm in analyzing energy loss for an electric distribution
network. The proposed algorithm has been applied in calculating
the energy loss of the 473E4.6 feeder in the Viet Tri medium-
voltage network. The calculation effectiveness of this algorithm has
been compared to the Gauss-Seidel algorithm in order to highlight
its advantages and application prospects.

Key words - power flow; equivalent injection current; Gauss-Seidel
method; electric energy loss; power loss.

phan phdi sir dung danh gia dya trén biéu thirc dai sb cua
dién &p nut nhén. Teng [4] da su dung phuong phap dong
dién nut twong duong cho thuat toan trao luu cong suat
nhim giai quyét bai toan tdi wru vi tri va dung lugng tu bu
trén ludi phan phéi. Cac thuat toan khac duoc tong hop va
hiéu nang cta ching dugc so sanh bdi Bhutad [5]. Trong
bai bao nay, thuat toan dong dién nut twong duong duoc
gi6i thiéu. Thuét toan dé xuat sau d6 duogc ap dung dé tinh
toan ton that dién ning cho 16 473E4.6 ctia ludi dién phan
phéi trung ap Viét Tri. Hiéu qua tinh todn cua thudt toan
cling dugc so sanh voi thuat toan Gauss-Seidel nhim chi rd
vu diém va kha ning tng dung cua thuat toan nay.

2. Thuit toan dong dién nut twong dwong
Thuét toan dong dién nit twong duong st dung cac ma
tran Dong dién Nut — Dong dién Nhanh (DNDN) va Dong
dién Nhanh-dién Ap Nut (DNAN) dé giai bai toan trao luu
cong sudt cua ludi dién phén phoi. Doi véi ludi dién phan
phoi, phu tai tai nat i duge bicu Qién ‘t~)0*1 phuong trinh (1) va
dong dién phu tai tai nut i duge biéu dién boi phuong trinh (2):
5i=Pi+jQii=1,2,...,n (1)

I = (S:/U)" (2)

D6i v6i mo hinh ludi dién phan phéi trén Hinh 1, dong

dién trén cic nhanh c6 thé duoc biéu dién boi dong dién

nut tvong duong:

Nt 1 Nt 2 Nt 3

B, B, B;
| | |

TR TR

Iy

I I5

Nt 4

Tram bicn ap

Hinh 1. M6 hinh lu6i dién phan phdi don gian
Bi=L+L+1, 3)
B, =L +1, 4)
By =1, (%)
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H¢ phuong trinh trén dugc viét lai duéi dang ma tran:

By 1 1 17[k
BZ] _ [0 : 1] [13 ©
Bs 0 0 1l

Dbi voi ludi dién phan phdi co nhiéu nhanh r& tir dudng
truc chinh, cac nut duoc danh sé lan luot tir nat nguén cho
dén hét nhanh r& dau tién trén truc chinh, sau d6 lan luot
dén cac nhanh ré tiép theo cho dén nhanh cudi cing ctia
ludi dién. Chi sé ciia cac nhanh ciing duoc quy udc theo
cach twong ty. Hinh 2 minh hoa cho nguyén tic danh sb
thir tu cac niit va cac nhanh ctia ludi dién phan phdi cho bai
toan giai tich ludi dién.

Céc phuong trinh dong dién nhanh cé thé dugc téng
quat hoa bdi phuong trinh (7):
[B] = [DNDN][I] (7
Trong d6: B — vécto dong dién nhanh;
DNDN — ma tran Dong di¢n Nut — Dong dién Nhanh;
I — vécto dong dién nut.
2.1. Thudt todan xdy dung ma trdn DNDN
Ma tgén Dong di¢n Nut — Dong dién Nhanh cua luéi dién
phan phoi duoc xay dung dua trén lut Kirchhoff, dong dién
nhu minh hoa cho Iuéi dién phan phoi trén Hinh 1.
Ma tran DNDN dugc xay dung theo cac budc sau:
a. Buée 1
Tao ma tréq r5ng kich thuéc m*n-1, trong d6 m 1a $6
nhanh va n la s0 nuat cua ludi dién.
b. Bwéc 2
Néu nhanh By ndm giira niit i va niit j, sao chép cot i cia
ma tran DNDN té&i cdt j va cong thém 1 vao vi tri cia hang
k va cot j.
c. Buée 3
Lap lai budc 2 cho t6i khi tat ca cac nhanh duoc tinh
dén trong ma tran DNDN.
Thuat toan xay dung ma tran DNDN dugc minh hoa
trén Hinh 3.
2.2. Thudt todn xdy dwng ma trdgn DNAN
Ma tran DNAN biéu dién mbi quan hé giira dong dién
nhénh va dién 4p nut. Sy chénh 1éch dién 4p gitra hai nat
ké nhau trén lug'ri dién duoc giodi thiéu trén Hinh 1, dugc
tinh toan truc ti€p tur hé phuong trinh:
U, = Uy — BiZy, (®)
Us = Uy = ByZ33 )
Uy = Us — B3Z3,4 (10)
Thay cac biéu thtrc dién p U, va Us trong cac phuong
trinh (8) va (9) vao phuong trinh (10), ta c6 thé bi€u dién
phuong trinh dién ap Us nhu Hinh 2.
Uy = Uy — B1Zy; — ByBy3 — B1Z34 (11)

U, U, Zi, 0 0
Ui| = |Us] = Z12 Zz3 0 (12)
Uy U, Zip Zaz Zzs

Ma tran DNAN dugc xay dung theo cac budc sau:
a. Budc 1
Tao ma tran r5ng kich thudc n-1*m, trong d6 m 1a $6

nhénh va n 1 sb nut cta ludi dién.

b. Budrc 2

Néu nhanh By ndm giira nat i va nat j, sao chép hang i
cua ma tran DNAN téi hang j va dién gia tri tong tré nhanh
Z;; vao vi tri phan tr thude hang j va cot k.

c. Buée 3

Lap lai budce 2 cho dén khi tat ca cac nhanh c6 mat trong
ma trdan DNAN.

Mot cach tdng quat, chiing ta c6 cong thirc sau:
[AU] = [DNAN][B] (13)

Thuat toan xay dung ma tran DNAN dugc minh hoa
trén Hinh 4.

5 13

9 17
Hinh 2. Nguyén tic ddanh sé thir tw niit va dong dién nhdanh

cOti cot j

Cong| 1 tai phin tir thude
hang K, ¢t j

Sao chép

Hinh 3. Xdy dung ma trdn DNDN

hang i
Sao chéQ

hiing j

Dién tng tror Zj; tai phén tf
thude hang j, cdt k|

Hinh 4. Xdy dung ma trdn DNAN

2.3. Thudt todn gidi bai todn trao lwu cong sudt cho lwéi
phén phoi

Dién ap cac nit cua ludi dién phan phdi hinh tia c6 thé
dat dugc bang thuat toan dong dién nut trong duwong nhu da
dé cap trong cac phan trén. Bai toan trao luu cong suat dugc
giai theo Iuu d6 thuat toan dugc gidi thiéu trén Hinh 5.
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Nhiép di licu luéi dicn

A

Khéi tao ma tran DNDN
va ma trin DNAN|

A

Xay dung ma trén
[DNDN[* [DNAN]

A

Cho sé ligu ban dau U
(nut PQY k=0

A

Tinh ¥ (S/UNy*
™ Tink AU = [DNDN]* [DNAN]#[IF]

Cép nhat U = U
Tinh ' (SdUs
Tinhl AL = [F"-1f

—AUET

A
)*

Tim max AL

Y

Ping

k|

max AL <sai s6 Két thic

K=%k-1

Hinh 5. Thudt toan dong dién nut twong dwong

3. Tinh to4n ton that dién nang trén 10 473E4.6 ludi
dién Viét Tri

Thuat toan dong di¢n nut twong duong dugc ap dung dé
tinh toan ton that dién nang trén 16 473E4.6 thudc lusi dién
trung 4p thanh phé Viét Tri. Hiéu qua tinh toan cua thuét
toan ciing dugc so sanh véi thuat toan Gauss-Seidel vé toe
d6 hoi tu va thoi gian tinh toan. So dd 16 473E4.6 duoc gidi
thiéu trén Hinh 6.

Lo 473E4.6 bao gdbm 36 nut, chii yéu cung cép dién
nang cho cac phuy tai cong nghiép. Cac thong s6 vé thoi
gian st dung cong suit cuc dai Tmay va thoi gian ton thét
cuc dai T,,,, cua phu tai dugc bao céo trong Bang 1.

Bang 1. Thoi gian s dung cong sudt cwe dai va thoi gian ton
that cuc dai cua 1o 473E4.6 Viét Tri.

STT Tmax (h) Tinax (h)
1 4183 2541

Nhim tao thuén loi cho vi€c tinh toan, chiing t6i da phat
trién mot phan mém giai tich lu6i dién trén nén tang
Matlab. Phan mém nay sir dung ciu tric dit liéu chira trong
cac file Excel. Nguoi dung chi viéc nhap dit li¢u theo ting
ddi tugng bao gém dir liéu cac nut, dir li€u cac duong day

va dir lidu cac may bién ap phan phéi. Cu tric dit liéu cac
nut, dudng day va giao dién cia phén mém lan luot duoc
gi6i thidu trén Hinh 7, Hinh 8 va Hinh 9. Phdn mém nay
gdm céc khédi doc dit liéu tir file Excel, khdi tinh toan trao
lwu cong suét va khoi luu trir két qua cing dudi dang file
Excel, cho phép ngum dung khai thac két qua tinh toan ton
that cong suat, ton that dién ning trén ludi dién nham phyc
vu cong tac quan li va van hanh.

Ngoai ra, mot md dun bu tdi wu cong sudt phan khang
dang dugc phat trién, cho phép tinh toan lya chon vi tri dit
va dung lugng bu ti wu ctia cac tu bu.

Céc tinh toan su dung hai thuat todn Gauss-Seidel va
Dong dién nut twong duong dugc thuc hién trén cung mot
may tinh. Loi giai cua bai toan trao luu cong sudt dat duge
khi sai s6 16n nhat gitra hai phép 13p lién tiép nho hon 1075,

Gia tri mo dun dién 4p va goc pha cac nut giai bang
thuat toan dong dién nit tuong duong dugc bdo céo trong
Bang 2.

Bdng 2. Mg” dun dién ap nut cua 1o 473E4.6 Viét Tri tinh toan
bang thudt toan dong dién nut twong duwong

Nt Mb dun U (kV) Géc pha U (°)

1 22 0

2 21,99021 0.12750
3 21,98768 0,24849
4 21,98766 0,24855
5 0,39982 0,55790
6 21,97426 0,36895
7 21,97406 0,36935
8 0,39943 5,09770
9 21,97402 0,36950
10 0,39984 0,71246
11 21,97201 0,38986
12 21,97176 0,39093
13 21,96547 0,45067
14 21,96533 0,45113
15 21,96119 0,49068
16 21,96116 0,49075
17 0,39933 0,52882
18 21,95867 0,51422
19 21,95562 0,53536
20 21,95555 0,53568
21 21,95258 0,55638
22 21,95205 0,55863
23 21,94420 0,61439
24 21,94392 0,61505
25 0,39911 0,75533
26 21,94227 0,62776
27 21,93842 0,64456
28 21,93765 0,64642
29 21,94153 0,63264
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30 21,93935 0,63749 —_— e T T T
VW gy B [wested Cenenst
31 21,93830 0,63982 W uevacmn s @ % 0 A :
32 0,40062 3,10634 : £ ! = - ‘ = 5 . .
33 21 93926 0 63772 . Chu y ; ID cac duong day phia cao ap MBA la 1, 1D cac duong day phia ha ap MBA la 2
b b
Du lieu duong d
34 21,94130 0,63434 2 " 'iu uone day
35 21,93627 0,66044 ] Nhanh  IDNhanh Nutdau  Nut<uoi ch(:::a' (DhTIkm (Ohm‘;\m) Gowsfm)
4 1 1 1 2 0,55 00905 033 o 91,06
36 21’94130 0’63435 s 2 1 2 3 05 0204 031 0 [
6 3 1 3 “ 0,025 0,78 0,357 o0 0
N 7 4 1 3 6 0,5 0,204 0,311 0 0
Nguon s 3 1 6 7 0,01 078 0357 0 0
@ 9 1) 1 6 9 0,06 0,78 0,357 o 0
10 7 1 6 11 01 0,204 0,311 o 0
1 8 1 1 12 0,135 0,396 0,336 o 0
—— 12 9 1 11 13 03 0,204 0,311 o 0
13 10 1 13 14 0,118 0,552 0,346 o 0
- 18 11 1 13 1s 0,2 0,204 0,311 0 0
QUé LanLPTZ 15 12 1 15 16 0,075 0,78 0,357 0 0
a 13 1 15 18 0,118 0,204 0,311 o 0
Cots 4 VTDKOOO12 :(: 14 1 18 19 0.1 0,252 0.318 o 0
18 15 1 19 20 017 __0.4644 0.42 o 0
4 s | Sheell 03 ,il]
VTDK00385 ¢ '@ Cat1g Q/ﬁ( b VTDKOO384 P o
Flosor VN Hinh 8. Cau truc dir liéu cho cac duwong ddy
1 eCO| » e oA A ’ ,
CKVietvuong - cua ludi dién can tinh todn
VYTDK00022 ot 11 LOAD FLOW FOR DISTRIBUTION GRID
! CO14CKD
CokhiDuc Ctyl Ested i - Kot inhfomn d fevmt_ . - .
Cot 144 D VTDKO0630 [ o] () o T
cot 16'4@(—0 VTDKO0452 e e e v, (] Kat qua tinh toan dulisu mhanh
BandoVina e
Cét 18 TINH TRAO LUU CONG SUAT- :
B NN
A L]
Cot19, VTDKO0S5T = e
19-4NMG N s 1
UMy rokooese i o e A e .
20-4CKDI . A, \ ey L2 gen . £
Hinh 9. Giao dién cia chwong trinh gidi tich luoi dién phdn phoi
Cot 23, A . . ~ . X,
VTDKDC0Z0 Thuat toan Gauss-Seidel ciing dugc a4p dung dé tinh
TNHH_AnThai g aen T A .
todn gia tri dién &p cac nat cua 16 473E4.6. Hi€u qua tinh
yTDKo0S2 4 C* 24 toan cua hai thuat toan dugc so sanh trong Bang 3.
Bdng 3. So sanh hiéu qud tinh todn cia hai thudt todn.
VTDKO0368 ] Cot 25 Chi tidu Thu4t toan dong dién| Thuat toan
Griartz VN J} nit twong duwong | Gauss-Seidel
cot 26 . R R
OBy L e PVTDK004S Sai so dat 10°¢ 10°¢
VTDK00024
QDF26-4CMG X 1=
S6 budc lap 7 4218
cot 28, . .
Thoi gian tinh toan (s) 0,6864 7,4256

Hinh 6. So do 16 473E4.6 Viét Tri

Hinh 7. Céu triic dit liéu cho cdc nit ciia lui dién can tinh todn

Tir két qua tinh toan, chung ta thiy mot cach 15 rang su
hiéu qua vé thoi gian tinh toan cling nhu tbe d6 hoi tu cua
thuat toan dong di¢n nut twong duong so voi thuat toan
Gauss-Seidel. Ddc biét, thoi gian tinh toan khi st dung
thuét toan dong dién twong duong giam 10 1dn c6 ¥ nghia
quan trong khi trao luu cong suét can phai giai nhiéu lan
trong cac bai toan t6i uru ludi phan phdi.

it cong sudt tac dung (kW)

Tén thi

0 5 10 15 20 25 30
Nhanh duong day

Hinh 10. Ton thdt cong sudt tdc dung trén dwong ddy ciia 16 473E4.6
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Tén thit cong suit tac dung trén dudng day cua 16
473E4.6 tinh toan bang thuat toan dong dién nut twong
duong duoc gioi thi¢u trén Hinh 10. Tt két qua nay, chung
ta thiy rang mot s6 nhanh dau nguon ¢6 ton that cao do
dong cong suat 1n tir nguon di xuoéng phan bd cho cac
nhanh. Cac nhanh c6 ton thit nho hon chu yéu cho chiéu
dai duong day ngin.

Dua trén thoi gian ton that cuc dai, tdn that dién nang
trén duong day, trén may bién ap va toan 16 473E4.6 sau
do6 cling duoc tinh todn va bao céo trong Bang 4.

Bing 4. Tén thit dién néng trén 16 473E4.6 lwdi dién Viét Tri

Chi tiéu Tén thét dién ning (kWh)
Tén thét trén duong day 79 157
Tén thét trong may bién ap 118 560
Téng ton thit toan 16 473E4.6 197 717

Céc két qua tinh toan chi ra ring tén thit dién ning cua
16 473E4.6 chii yéu do ton tht trong cic may bién ap phan
phdi 22/0,4kV. Dya trén cac danh gia nay, Cong ty Dién
luc Pha Tho co thé dé ra cac phuong &n van hanh tdi wu
nhim lam giam ton that dién ning cho 16 473E4.6.

4. Két luan

Céc yéu cau giam ton that dién ning hién nay doi hoi
ludi dién phan phoi phai dugc toi vu hda. Trong khi do, 1o
giai cta bai toan toi wu doi hdi phai thyc hién tinh toan trao

luu cong sudt nhiéu 1an. Do do, viéc st dung mot thudt toan
¢6 d¢ chinh xac cao va thoi gian tinh toan nhanh 1a mét yéu
cdu quan trong. Thuét toan dong dién nut twong duong 1a
mdt thuat todn don gian, dap tng dugc yéu clu vé do chinh
xéc va toe d6 tinh toan. Thudt toan da dugc ap dung dé tinh
toan ton that dién ning cho 16 473E4.6 cia ludi dién Viét
Tri. Bén canh do, mét ph?m mém giai tich Iudi dién phan
phdi ciing dugc phat trién nham tmg dung thuat toan dong
dién nut twong dwong. Cac wu diém cua thuat toAn mang
dén trién vong tung dung cho cac van dé t6i wu hoa ludi
dién phéan phoi.
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