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1. Giéi thigu

Hién nay, mtre d6 thdm nhép cua cac nguon dién phan tan (DG) vao ludi dién phan phéi ngay
cang tang. Xu huéng nay dan dén nhu cau danh gia chi tiét cac anh huong cua nguén dién phan
tan dén ton that cong suét, on dinh dién ap va cdu tric van hanh t01 uu... cua ludi dién phén phdi.
Vi tri dat va cong sudt phat ctia cac DG c6 anh huong nhiéu dén ton that cong suét cia ludi dién
phan phéi.

Theo truyén thdng, cic phuong phap trao luu cong sudt phi tuyén nhu Gauss-Seidel, Newton-
Raphson va cong cong suat (PSM) duoc ap dung dé tinh toan chinh x4c ton that cong suit cua
luéi dién phan phéi [1]. Tuy nhién, cic mé hinh trao luu cong suét phi tuyén thuong phic tap va
c6 toe d6 tinh toan cham. Do do6, mot So nghién ctu da dé xuat st dung cac phuong phép trao luu
cong sut tuyen tinh hoa dé tinh toan t6n that cong suét cta luéi dién phan ph01 [1], [2]. St dung
cac m6 hinh xap xi v6i hé s6 do nhay 1a mot tiép can khac dé tinh toan ton thit cong suat cua ludi
dién phan phi.

Theo truyén thong, mo hinh xAp xi tuyén tinh voi hé s6 d6 nhay ton that thuong dugce st dung
dé tinh toan ton that cong suét cua hé thong dién [3]. Trong bai bao [4], tac gia da de xuit mot
phuong phap tinh toan nhanh va hiéu qua dé xac dinh hé sé do nhay ton that cong suét trong van
hanh thoi gian thue cua hé thong dién. Céu trac hinh tia cua lugi dién phan phoi cling dugc xem
xét khi tinh toan hé s6 d6 nhay ton that cong suit [5]. Bén canh m6 hinh xap xi tuyén tinh, nghién
ctru [6] dd dé xuat mé hinh x4p xi bac hai dé tinh toan ton thit cong suit cua lu6i dién. Tuy
nhién, mic d¢ chinh xdc cua cac phuong phap XAp xi nay can phai duoc danh gia thém khi tinh
toan ton that cong suat cua ludi dién phan phdi cé cac ngudn dién phan tan.

Xét vé tmg dung cta phuong phap do nhay, bai bao [7] trinh bay thuét toan cho bai toan tai
cAu tric ludi nham cuc tiéu tén that cong suit dua trén do nhay cua t6n that cong suat theo tong
tré nhanh. Phuong phap d nhay cling dugc nghién ctru nhiéu trong phan tich luéi dién phan ph01
khéng dbi xtmg [8]. Trong bai bao [9], hé s0 d6 nhay dua trén phuong phéap thuat toan diém
trong dugc ap dung dé chuyén cac bién diéu khién lién tuc thanh cac bién roi rac. Cac nghién ciru
[10], [11] trinh bay su phén tach gid bién nit ludi dién phan phéi (DLMP) thanh céc thanh phan
bao gdm néng luong, t6n tht, nghén mach va dién ap st dung hé s6 do nhay tén that cong suét
va hé s0 dd nhay dién ap nut theo cong suét cua tai.

Muc dich ciia bai bao nay 1a so sanh két qua tinh toan ton that cong suat cia ludi dién phan
phdi c6 cac ngudn dién phan tan str dung cac mo hinh x4p xi tuyén tinh va bac hai. Cac dong gop
chinh ctia nghién ctru nay bao gom:

e  Trinh bay chi tiét cac budc tinh toan ton that cong suat sir dung hai mé hinh xép xi cho
hé thong dién 6 nut khi c6 su thay d6i cong suét phat ciia DG.

e Danh gia sai s6 clia ton that cong suat tinh theo hai m6 hinh Xap xi so voi phuong phap
cdng cong suat g v6i cac mire d6 thay doi cong suét phat khac nhau cta DG.

Bai bdo gdm 4 phan. Phéan 2 trinh bay cac biéu thirc toan hoc ciia phuong phéap cong cong suat
va hai mé hinh xap xi trong viéc tinh toan ton that cong suat ciia ludi khi DG thay ddi cong suat
phat. Két qua va nhan xét d6i véi ludi dién phan phdi 6 nit duoc cho trong phan 3, nhiing két
luan va hudng phat trién duoc mé ta trong phan 4.

2. Co sé phuong phap nghién ciu
2.1. Phwong phdp céng cong sudt (PSM)

Lud6i dién phan phdi hinh tia c6 cdu tric gidng nhu so dd cay véi nat nguon thuong la tram
bién ap phan phéi. Khi d6, dé phu hop cho cac phuong phap dudi day, nut nguon dugc danh s6 1a
1 va chi s6 cua mét nit phai 16n hon nut ngudn lién két truc tiép voi nit d6. Néu hé thong c6 N
nut thi tat ca cac nat duge danh s lién tuc tr 1 dén N.

Phuong phéap cong cong suit 1a mo hinh trao luu cong suat dong dién xoay chleu (ACPF). Thuat
toan tinh dién 4p nit va dong cong suit nhanh sir dung phuong phap cong cong suit gdm 5 budc:
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e  Budc 1: Chon xap xi dau dién ap cac niit 1a 1 pu (trir niit can bang, nat 1). Budc lap r = 1.
e Bude 2: Tur tép hop dién ap cdc nat da chon, tinh toan cac cong sudt nut c6 gop cong sut
clia cac tong dan nhanh ngang;

SO =82 +y,(U") i=NN-L..2 1)

Trong d6, S la cong suat phirc bom vao nat i; y, 1a tong dan nhanh ngang néi vao nat i;
U 12 md-dun cua dién &p tai nGt i & budc lap tha r va N 1a tdng sé nat caa hé théng dién.
e  Budc 3: Qua trinh nguoc

Thyc hién tinh nguoc tat ca cac nhanh cay (bét dau tir nhénh c6 chi s6 I6n nhét va huong toi
nhanh c¢6 chi s6 bang 1), tinh céng suat phac cudi nhanh theo biéu thic (2):

. , , G
Si{((r):slgr)+ Z {S’;(nr)j{zkr(nr)J ka} k=N,N-1,..,2 2)

meQy ,m#i

Trong d6, Q, la tap hop cac nit ndi voi nit k va Z, 1a tong tré nhanh doc cua nhanh ndi
gitra nat k va nat m.

e  Budc 4: Quatrinh thuan

Thuec hién tinh ciy theo huéng nguoc lai, cap nhat dién &p nit tir ndt ngudn bang céch trir di
t6n that dién 4p nhanh twong tng:

(r)
U&Hl) _ U'-(Hl) _ (Sik )*
(U¢”)
e  Budc 5: Sir dung biéu thirc (4) dé so sanh dién &p nat trong lan 13p (r+1) véi dién &p nat

tuong tng tir 1an I3p r. Néu tri tuyét doi do Iéch nay nho hon sai s6 cho trudc thi ding thuat toan.
Néu khdng thi quay lai budc 2 véi dién ap cac nlt bang dién ap da tinh duoc & budc 4.

Z, k=23..,N (3)

j
i:rzr?g?fN{Ui U, }s £ 4)
Sau khi thuat toan hoi tu, tong ton that cong suat cua hé thong dugc tinh theo (5).

AP= > AR, (5)

vnhénh ik
2.2. Mb hinh xdp xi tuyén tinh

V6i md hinh xap xi tuyén tinh, ton that cong suat tac dung sau khi DG thay doi cong suat phat
duoc tinh nhu sau:

OAP AP aA

APnew :APOId + GJ
OFy; 0Qy;

—~AQg (6)

Trong do:
e AP 3 tdn thit cong suit & trang thai ban dau;
e AP Va AQ lan luot Ia su thay doi cong suét tac dung va cong suat phan khang ciia DG
tai nut j;
OAP . OAP
P a0,
Gj Gj
ngudn DG tai nt j.
Xét Iuéi dién hai nt co so do thay thé nhur Hinh 1. Cac ky hiéu trén hinh vé nay duoc chd
thich nhu sau:
e P, va Q, lan luot I dong cong suét tac dung va phan khang & dau nhanh ik;
e P/ va Q lan luot la dong cong suét tAc dung va phan khang & cubi nhanh ik;

lan luot 14 cac hé s do nhay ton that cong suit theo cong suat phat cua
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e U ,va U, lan luot 1a md-dun dién &p tai cac niit i vak;
e R, VA X, lan luot Ia dién tro va dién khang caa nhanh ik;
U' Rik ! Xik U k

if——1_  F——=Ak
P Q Py Qi

ik ik ——p ik
Hinh 1. So do thay thé cia nhanh ik
Mot ma tran T kich ¢& (NxN) duge x4c dinh, trong d6 phan t T (k, j)=1 néu ndt j thudc
nhanh cé nat gbc 1a k; nguoc lai, phan tir T(k, j)=0
Duya vao ma tran T, dong cdng suat nhanh cudi duong day ik dwoc thé hién nhu sau:

=ZNKJT('<’ i)-(Py =Py ) + Ztl T(k, j).AP, )
Qi :il;T(kyj)-(QDj_QG]-)‘F_ikT(k,j).AQmj (8)

Trong do:

P (Qoj) va Pgj (Qgj) lan luot Ia cdng suét tac dung (cong suat phan khang) cia tai va
nguon tai nut j;

e mlanutnguon nai tryc tiep voi nt j;

e AP, va AQ, laton that cong suat tac dung va cong suat phan khang trén nhanh mj.

Tn thét cong suat tc dung va cdng suat phan khang trén nhanh ik duoc xac dinh theo (9).

F)iI2+QiI2 F)i/2+Qi72
APik = M-Rik; AQik = M-Xik (9)

U/ U}

Gia str rang tri sb dién &p tai nt k khong dbi khi cong sut phat cua cac DG thay dbi. Do do, do
nhay cta ton that cong sut trén nhanh ik theo cong suit phat caa DG & ndt j dugc viét nhu sau:

aAP|k — [ZP“: ap|k + 2Qlk ik JRI_;, aAQik — (2 P”; ﬂ + 2Q|k aQ|k J Ilz( (10)
Ry Ry R ) Uy Ry Ry R ) Uy
aAID|k — [ZP“: aplk + 2Q,L aQik JR_M;’ aAQik — [ZP“: aplk + 2Q|k 8Q J Xlk (11)
Qg 0Q; Qg ) Uy Qg Qg Qg

Hé s6 d6 nhay t6n that cong suat ddi vai ludi phan phdi khi cong suat phét caa DG tai ndt j thay
d6i duoc tinh bang tong do nhay cia ton that cong suat tat ca cac nhanh trong ludi phan phdi:
oAP _ OAR,. OAP _ 3 OAR, . 9AQ _ 3 9AQ, . 9AQ _ D 9AQy
aPGJ' v nhanh ik 6PGJ' , aQGj v nhanh ik aQGj , aPGj Vv nhéanh ik aPGj , aQGj Vnhénh ik a(?Gj
Theo (7) va (8), cac hé sé do nhay cua dong cong suat nhanh theo cong suat phat cua DG
duoc xac dinh dudi day:

(12)

oP, . N ., OAR,; aQ, N OA QmJ

—=-T(k,j)+ T(k,j)— —%= , 13

aPGJ‘ ( J) i;rl ( J) aPej aPGj j§1 ( J) GPGJ (13)
) N OAP. . ! N OAO._

aPn( — ZT(k,J) mJ; aQn( =—T(k,j)+ ZT(ky]) Qmj (14)

8QGJ' j=k+1 aer aer j=k+1 aQGJ-

'Céc phuong trinh (13)-(14) duoc thay vao cc bicu thirc (10)-(11). Sau d6, hé s6 ton thét co
thé duoc biéu dién theo thuat toan dé quy.

2.3. M6 hinh xdp xi béc hai
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Khi DG tai nit j thay doi cong suat phat mot luong AP, va AQg; , ton that cong suét theo md
hinh x4p xi bac hai dwoc tinh nhu sau:
AP™" = AP®® + DP

2 2
Pni - z AP(;j + Ql,k - z AQG] 2 ' 2
keM :palh keM IJpalh Pik + Qik

=AP"+ > R {

ik 2 ik 2
V nhéanh ik U Kk V nhanh ik U k

2
=APY + R—;[ > APGJ.] - —Zﬁkzpik.[ > APGJ.J
k k

¥ nhanh ik keM }Pa‘“ v nhénh ik keM }Pa‘“

(15)

P Iz |- 2 B 5

V nhéanh ik Y g keM:pﬂ"‘ ¥ nhénh ik ker\/ﬂjpa‘h
Trong do, M ™" latap hop cac nit thudc cac nhanh tir nit nguon dén ndit j.
Phuong trinh (15) m6 ta mé hinh xap xi bac hai cua tong ton that trén ludi dién theo cong suat
phat caa DG. Trong phuong trinh (15), dién &p nat va cdng suat nhanh dugc lay tu két qua trao
luu cong suat caa truong hop co so.

3. Két qua tinh toan va thao luin

Trong phan ndy, hé s6 d6 nhay tn that cong suat va tong ton that cong suét duoc tinh toan sir
dung ludi dién phan phéi sau nat nhu Hinh 2. Dién 4p dinh muc cua hé thdng dién ndy bing 10
kV. Cong suét tac dung va cong suat phan khang phat cia mdi ngudn dién phan tan (DG) trong
trang thai co s& (ban dau) dugc cho dudi day (Sep = 1000 KVA):

Spe; =0,5765+ j1,0000 pu; Sy, =1,0000+ jO,3287 pu; Spe; =1,0000+ jO,3287 pu
bién tr(y va dién khang dornlvj‘ cla tit ca cac 6
nhénh 13 bing nhau va co tri 6 lan luot 1a 0,33 G
Q/km va O‘,395 Q/km. Bén canh d0, tri sO dién
ap nat nguon dugc dat 1a 1,05 pu (Ue = 10 kV).

Cong suat phirc cta phu tai tai cac nut trong 1 @ @
hé thong nay: I 2km o]  3km 3] 2km 4] 15km 5

$p, =14+ j0,7; $p, =1,2+ 0,45, | 1l ! ¥
. . _ L 4
Sps =0,8+ 0,5 Sps =1+ j0,6; Spg = 2,5+ 1,2

4km

Hinh 2. Ludi dién phan phai sau nit
Str dung MATPOWER [12], trdo luu cong suat co s duoc cho ¢ Bang 1.

Bang 1. Trao heu cong sudt trang thdi co s

i 12 23 3-4 45 2-6
S.(pu) 4,4031+ jL8879 14394+ j0,2403 0,8072+ j0,7799  1,0000+ j0,6000 1,500+ j0,8713
U, (pu) 1,0061 0,9886 0,9769 0,9681 0,9714

3.1. H¢ s6 dp nhay ton thdt cong sudt
Dong cong suat cudi nhanh cua hé théng dién 6 nit dwoc biéu dién:
P4’5 = Pos; P321 = Poy —Pos + Fos + AP; P2’3 = Poy =Pz + Pos = oy + Pos + APy, + AP
les = PDe - PGG; Pl'z = PDZ + PD3 - Pes + PD4 - PG4 + PD5 + PDB - PGB +AP23 +AP34 +AP45 +AP26
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ins = Qps; Q3,4 =Qp; — Qs +Qps +AQys; Q2,3 =Qp; — Qg3 + Qs = Qss +Qps +AQy, +AQ,,

Qzle = QDB _Qee; Q1’2 = QDZ + QD3 _Qes +QD4 _QG4 + QDS + QDB _QGG + Ast + AQ34 + AQ45 + AQze

Hé sb d6 nhay ton that cong suét cua cac nhanh 4-5 va 3-4 d6i vai su thay ddi cong suit tac
dung phat caa DG tai ndt 4 trinh bay chi tiét nhu dudi day.

e Hé s do nhay ton that cong suit ddi véi nhanh ndi gitra nat 4 va 5:

6P4'5 =0 anis =0 aAPAS = 2p’ 6P4'5 2Q aQ45 45 =0 aAQ45 — aAPas _&: 0
P, | P, | OP, © oP,, e N VE vz P, P, Ry

e Hé s do nhay ton that cong suit ddi véi nhanh ndi gitra nat 3 va 4:

Pl _ 4 P oo ;0% Qs

oP,, oP,, P, P,

2. O 0033

=-0,01116

ARy _ 2P, % Oy +2Q,, Q4 | Ry =[2.0,8072.(-1)+2.0,7799. o]
Py, P, P, ) U2

OAQy _ 0APy Xu _ (01336
aPc;4 aPG4 R34

_ Tinh toan tuong tw, h¢ s6 do nhay ton that cong suat khi cong suét phét ciia cac DG thay doi
d6i vai ludi phéan phoi 6 nit mo ta trong Bang 2.
3.2. Trwong hep 1: Sw thay doi cong sudt phat ciia DG tgi nit 4
_ Gia thiét rang cong suét phat ctia DG tai niit 4 ting tir 1000 kW dén 2000 kW, hé sb cong suat
co dinh nhu trang théi co s6 (0,95). Bude ting cong suat phat la 100 kwW. )
Khi DG tai nut 4 tang cong suat phat 1én gia tri 1,1 MW thi tong ton that cong suat tac dung
cua luéi dugc tinh theo hai mé hinh xap xi nhu sau:
e M® hinh xap xi tuyén tinh:

AP AP, + 8P AQ., = 0,2292—0,10168.0,10,04205.0,0329 = 0, 2177 MW

aPG4 aQG4
e M0 hinh x4p xi bac hai:
AP™ =[51§ VERITT J (APZ +AQE ) - (RDP RUP + RE‘;IZDS“JAPM
3 4 3 4
RlZQlZ + R23Q2'3 + R34Qf;4
uz = Uz U2
ou_(0,0066 0,0099 0,0066
AP™ = + +
1,0061° 0,9886° 0,9769°
0,0066.4,4031 0,0099.1,4394 0,0066.0,8072
-2. —+ —+ 5 1
1,0061 0,9886 0,9769
9 0,0066.1,8879 N 0,0099.0, 2403 N 0,0066.0,7799
 1,0061° 0,9886” 0,9769
=0,2184 MW
Tuong ty, két qua tinh todn ciia tong ton that cong suat tac dung voi sy thay doi cong suat phét
DG tai nut 4 bang hai Phuong phap xap xi dwgc mo ta trong Bang 3. )
Bang 3 cho thay rang, khi DG tai nit 4 tdng cong suat phat, ton that cong suat tac dung cua
ludi dién tinh theo ba phuong phap deu giam. Diéu nay cho thiy wu diém cua tich hop nguon
dién phan tan vao ludi phén phol xét vé phuong dién t6n that cong suat.

~ Khi so sanh hai md hinh xap xi, ta thay khi DG tang tr 1000 kW ,den‘ 1600 kW (tang 60%),
ton that cong suat duoc tinh toan tir phuong phap xap xi tuyén tinh rat gan so véi phuong phap

Apnew :APOId +

JAQG4 + AP

j.(o,f +0,0329%)

J.O, 0329+0,2292
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cong cong suat (sai s6 dudi 5%). Khi DG ting trén 60% toi 100%, sai s6 cua phuong phap xap xi
tuyen tinh ting déng ké (tai muc ting 100%, sai s6 12 18,206%). Tuy nhién, sai so cua mod hinh
Xap xi bac hai khi DG ting dén 100% déu dudi 5%. Diéu nay cho thiy, mé hinh xap xi bac hai
chinh x4c hon mé hinh x4p xi tuyén tinh.

Bang 2. Hé sé dé nhay ton that cong sudt

DG tai nit j OAP | O OAP [ 0Qy, 0AQ | 0Py 0AQ 1 0Qy;
2 -0,05742 -0,02462 -0,06873 -0,02947
3 -0,08912 -0,02991 -0,10667 -0,0358
4 -0,10168 -0,04205 -0,1217 -0,05033
5 -0,11384 -0,04935 -0,13627 -0,05907
6 -0,10303 -0,05111 -0,12333 -0,06118
Bang 3. Ton that cong sudt va sai s cia hai phwong phdp xdp Xi
Cong suit phat ciia DG tai nat 4 Ton thét cong suit (MW) Sai s6 (%)
=) o) Phwong phap ~ Phwong phap Phwong phap Phwong phap
G4 c4 PSM xap xi xap xi xap xi xap xi
(MW) (MVAr) tuyén tinh bac hai tuyén tinh bac hai
1,1 0,3616 0,2173 0,2177 0,2184 0,151 0,478
1,2 0,3944 0,2061 0,2061 0,2081 0,009 0,935
1,3 0,4273 0,1956 0,1946 0,1983 0,523 1,371
1,4 0,4602 0,1857 0,1830 0,1890 1,437 1,784
1,5 0,4930 0,1764 0,1715 0,1803 2,803 2,176
1,6 0,5259 0,1678 0,1599 0,1720 4,671 2,545
1,7 0,5588 0,1597 0,1484 0,1643 7,095 2,893
1,8 0,5916 0,1522 0,1368 0,1571 10,127 3,221
1,9 0,6245 0,1454 0,1253 0,1505 13,816 3,528
2 0,6574 0,1390 0,1137 0,1443 18,206 3,818

3.3. Trwong hep 2: Sw thay doi cong sudt phdt dong thoi ciia DG tai nat 4 va 6

Gia str cong suat phét cua DG tai nut 4 va nit 6 déu ting gidng nhau tir 1000 kW dén 2000
kW, hé sb cong suat gitr cd dinh nhu trang thai co so.

Tuong tur, két qua tinh toan cua tong ton that cong suat tac dung va sai s6 vai su thay doi cong
suat phat cac DG tai n(t 4 va n(t 6 bang hai phwong phap xap xi dugc thé hién trong Hinh 3 va 4.

= COng cong Suat - Xﬁp xi myén tinh o= Xﬁp xi béc hai
220 = « Xap xi tuyen tinh 120
=== Xap xi bic hai 110
i%, i 100 /
o 175 90
E’ = 80 /
e 70
2 130 3 % 7
] = 50
g g5 @ 40 =
@ ”
& L 30 —
g 40 ~ i - —i-
B ~ 0 e = i = =
g ~ 11 12 13 14 15 16 17 18 19 2
= 1112 . L3 14 1S {'6 17 18 19 2 Céng suat tac dung phat ciia mbi DG tai niit 4 va 6 (MW)
Cong suat tac dung phat cia méi DG tai mit 4 va 6 (MW)
Hinh 3. Ton that cong suat tac dung theo ba mé Hinh 4. Sai so cua cong suat tac dung theo hai

hinh (truong hop 2) mo hinh Xap xi (truong hop 2)

Hinh 3 va 4 cho thay rang, két qua tinh theo phuo’ng phap xap xi bac hai rat gan Vé6i phuong
phap cong cong suat. Khi cac DG ddng thoi thay doi cong suat phat dén 30% thi sai sé cua hai
md hinh xap xi déu nho hon 5%. Tuy nhién, khi cac DG ddng thoi thay doi cong suit phat tur

30% dén 50% thi sai s6 cua ca hai md hinh tang dan nhung mé hinh xap xi tuyén tinh tang nhanh
hon. Sai s6 cia md hinh xap xi bac hai chi bang 10,607% trong khi mé hinh xap xi tuyén tinh
bang 110,242% & mirc cong suat phat cia méi DG tai nit 4 va 6 déu bang 2 MW (ting 100%).
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4. Kétluan

Bai bao ndy nghién ciru vé anh hudng cua ngudn dién phan tan toi ton thét cong suat tac dung
cua ludi phan phdi sir dung cac mé hinh xap xi. Phuong phép cong cong sudt duoc st dung lam
co s& dé so sanh tinh hidu qua ciia cac phuong phap xap xi tuyén tinh va béc hai. Cac hé s6 do
nhay duoc tinh toan tir trang thai co s¢ va dugc st dung dé xac dinh ton thét cong suét cua ludi
dién phan phdi sau nat. Sai so clia ton that cong suit theo cac phuong phap xap xi 1a nho va thoi
gian tinh toan la nhanh hon rat nhiéu so v6i phuwong phap cong cong suét trong pham vi bién ddi
nhit dinh cua nguon dién phén tan. Ngoai ra, phuong phdp xap xi bac hai c¢6 dg chinh xdc cao
hon phuong phép xap xi tuyén tinh.
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