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Power flow equations are fundamental mathematical models that serve
as the foundation for planning and operating electrical systems. While
traditional alternating current power flow (ACPF) methodologies yield
accurate outcomes, their nonlinear characteristics, poor convergence,
and low efficiency in computation restrict their applications in power
systems. This paper compares two linear power flow methods for
electrical grids, namely the direct current power flow (DCPF) method
and the decoupled linear power flow (DLPF) method. These power
flow methods are applied to the 39-bus NewEngland transmission grid
to compute voltage magnitudes, voltage phase angles, and power flow
on branches. The computational results indicate that the decoupled
linear power flow (DLPF) method yields better results in terms of
nodal voltage magnitudes and phase angles compared to the direct
current power flow (DCPF) method. Nevertheless, the DLPF approach
exhibits inferior performance in terms of power flow on branches when
compared to the DCPF method.
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Hé phuong trinh trao luu cong
suat

Hé théng dién 39 nit
NewEngland

M hinh trao luu cong suat
tuyén tinh

Trao lwu cong suat mot chidu
(DCPF)

Trao luu cong suét tuyén tinh
tach bién (DLPF)

Hé phuong trinh trao luu cong suat ¢ vai trd quan trong trong cac bai
toan quy hoach va van hanh hé théng dién. Cac phuong phép phan tich
trao luu cong suit xoay chiéu (ACPF) truyén thdng cho két qua chinh
xéc, nhung do tinh phi tuyén, kha nang hoi tu kém va hiéu suat tinh toan
thap nén g dung trong hé thong dién bj han ché. Bai béo nay so sénh
hai phuong phap tuyén tinh dé phan tich ché d6 xac lap cua ludi dién,
bao gom phuong phép dong dién mot chiéu (DCPF) va phuong phép
trao luu cong suat tuyén tinh tach bién (DLPF). CAc phuong phap phan
tich ché d¢ xé4c lap nay duoc so sanh sir dung ludi dién truyén tai 39 nit
New England dé tinh toan mé-dun dién ap nit, goc pha dién ap nut va
dong cong suat tac dung trén cac nhanh. Cac két qua tinh toan cho thay
phuong phép trao luu cong sudt tach bién (DLPF) cho két qua tot hon
vé md-dun va goc pha dién ap nat so voi phuong phap dong dién mét
chiéu (DCPF), trong khi d6 két qua vé dong cong suit tac dung trén cac
nhanh cua phuong phap DLPF lai kém hon so véi phuong phap DCPF.
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1. Gioi thigu

Trong thoi gian gan day, linh vuc hé thong dién trén the gio1 da chimg kién nhiing sy thay do6i
dang ké va tién b to 16n. Sy phat trién nay co ngudn goc tir nhidu yéu té khac nhau, bao gdbm sy
gia tang cua ngudn ning luong tai tao, su tién bo trong cong ngh¢ va quan Iy hé thdng, ciing nhu
nhu cau ngay cang tang vé mét nén cong nghi¢p xanh va bén ving. Do d6, ngay cang c6 nhiéu
thach thuc lién quan dén viéc diéu khién va tdi wu hé thong dién. Trong do, phén tich trao luu
cong suat 1a mot cong cu co ban va 1a chia khoa dé giai quyet céc van dé d6. Phan tich trao luu
cong suit mang ¥ nghia quan trong trong viéc tinh todn su co [1], danh gia d9 tin cy [2] va phan
tich trao luu cong suat xac suit (PLF) [3] mot cach chinh x4c va hiéu qua.

Céc phuong trinh trao luu cong suat tiéu chuan dua trén mot hé phuong trinh phi tuyén yéu cau
tinh toan phirc tap do phai sir dung cac phép lap. Bén canh su phirc tap vé mit tinh toan, tinh phi
tuyén dan dén cic nhugc diém sau: kho khan khi tim nghiém (vi du cic truong hop giai kém);
khong thé két luan dugc rang 10i giai khong ton tai hodc khong thé dat trong truong hop thuat toan
khong hoi tu va sy ton tai nhidu nghi¢m [4]. Nguyén nhan chinh la do moi quan hé phi tuyén gitra
mo-dun dién ap va goc pha. Chinh méi quan hé phi tuyen nay di thu hat nhiéu nha nghién ciu dé
XUAt cac - phuong phap khac nhau dé tinh trao luu cong suat. Do do, viéc tim ra mot m6 hinh trao luu
cong suat tuyén tinh co téc do tinh toan nhanh, d6 chinh xac va d6 6n dinh hop Iy cho tit ca cac loai
luéi dién nhan duoc su quan tam rat 1on. M6 hinh tuyén tinh nhu vay ciing c6 thé mang lai loi ich
trong viéc giai quyét cac bai toan t6i wu hoa. Bang cach st dung mé hinh trao luu cong suat tuyén
tinh, cac bai toan ti wu phi tuyén nhu dinh gia bién nat (LMP) [5] va lya chon to may van hanh cé
rang bugc an toan (SCUC) [6] c6 thé dugc chuyén thanh cac bai toan t6i uu tuyén tinh.

Phuong phap dong dién mot chiéu (DCPF) 1a mot trong nhitng mé hinh trao luu cong suat
tuyén tinh duoc ap dung rong rii trong linh vuc hé thdng dién. Vi tinh tuyén tinh ciia n6, mé hinh
nay c6 tdc do tinh toan nhanh va khong doi hoi viéc sir dung cac phép lap dé dat duoc do chinh
xac hop ly trong tinh toan dong cong suét tac dung so véi phuong phap dong dién xoay chiéu
(ACPF) [7]. Phuong phap dong dién mét chiéu (DCPF) co dién duoc xay dyng dya trén gia thiét
md-dun dién ap cac nat bang 1 pu va bo qua tén that cong suat tac dung trén cac nhanh [4]. Ngoai
ra, cac nghién ciru da dé xuat cac phién ban tong quat hon ctia mé hinh trao luu cong suat mot
chiéu (DCPF) bao gom md hinh khoi dong néng (hot-start) va khoi dong lanh (cold-start) nham
m& rong tng dung ciia mo hinh [8]. Tuy nhién, nhugc diém cua phuong phap dong dién mot
chiéu (DCPF) la khong thé tinh todn mo-dun dién 4p nat.

Phuong phép trao luu cong suat tuyén tinh tach bién (DLPF) [9] lién quan dén phan tach mo-
dun dién &p va géc pha gidp khic phuc nhitng han ché do tinh phi tuyén ciia phuong phap dong
dién xoay chiéu (ACPF) [10] va gia thiét md-dun dién &p cAc niit bang 1 pu cua phuong phap
dong dién mot chiéu (DCPF). Tuong ty nhu phwong phap DCPF, viéc xay dung hé phuong trinh
tuyen tinh caa phuong phap DLPF khong doi hoi phai biét trude diém 1am viéc ban dau cua hé
thng dién. No6i cach khéc, viéc xay dung hé phuong trinh tuyén tinh theo phuong phap DLPF
doc 1ap véi trang théi 1am viéc cua hé thong dién. Pay 1a su khac biét cua phuong phap DLPF so
V6i phuong phap Newton-Raphson béi vi hé phuong trinh tuyén tinh trong moi budc lap cua
phuong phap Newton-Raphson dugc xay dung dua trén diém lam viéc cua hé thong dién da duoc
biét. Trong mot nghién ctru trude day [11], mot mo hinh tuyén tinh da dwoc dé xuat cho hé thng
phan phéi hinh tia. Tuy nhién, md hinh nay chi ap dung cho cac hé théng phan phdi hinh tia cu
thé va khong thé ma rong cho cac hé thong dién truyén tai. Mot tién bo quan trong da dat dwoc
trong nghién ctru [8], khi cac tac gia da xay dung hé phuong trinh trao luu cong suat tuyén tinh
c6 xét dong cong suat phan khang. M hinh nay phan anh ca sy can béng cong suét tac dung va
cdng suit phan khang, lién quan dén binh phuong cia md-dun dién &p U? va goc pha duoc diéu
chinh 6. Tuy nhién, vi md-dun dién ap va géc pha khong thé phan tach nén céc bai toan tdi wu co
dang quy hoach bac hai. Do d6, nghién ctru nay dé xuat mot mo hinh trao luu cong suét tuyén
tinh phan tach U — 6 nham nang cao do chinh xac trong tinh todn mo-dun dién &p nat.
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Muc dich cua nghién ciru nay 1a so sanh két qua tinh ton ché d6 xac lap cho luéi dién truyén
tai 39 nit New England sir dung hai md hinh tuyén tinh, bao gom phuong phap dong dién mot
chiéu (DCPF) va phuong phép trao luu cong suat tuyén tinh tach blen (DLPF). Cac dong gop
chinh cua bai bao bao gdbm: (1) Trinh bay chi tiét hai phuong phap tuyén tinh dé tinh toan ché do
xéc 1ap cua ludi dién; (2) So sanh két qua tinh toan ché d6 xac lap cho ludi dién truyén tai 39 nit
New England.

Bai bao gom 4 phan. M6 hinh toan hoc cta hai phuong phép trao luu cong suét tuyén tinh
dugc trinh bay ¢ Phan 2. Sy &p dung tinh toan caa hai mé hinh tuyén tinh cho luéi dién 39 nit
New England duoc md ta trong Phan 3. Cac két luan va chu dé nghién ciru twong lai dwoc trinh
bay trong Phan 4.

2. Phwong phap nghién ciru
2.1. Hé phwong trinh trao luu céng sudt phi tuyén
"Phan tich ché do xAc 1ap nham muyc dich tinh toin mo-dun va goc pha dién 4p tai cac nit; cong
suat phat cua cac nguon dién; dong cong suat tac dung va phan khang trén cac duong day va ton
that cong suat trong ludi dién [12]. "
Xét hé thong dién vai N nut, va mang ludi dién dugc mé ta boi ma tran tong dan ndt Y.
Ludi dién trong ché do xac lap dugc md ta boi hé phuong trinh phi tuyén nhu sau:
N
=UD U, (G, coss, +B;sing, )y i=12..,N (1)
k=1

N
Q =U,D> U, (Gsing, —B,coss,); i=12..,N )
k=1
trong do:
e P, Q tuong tng la cong suat hitu cdng va vo cdng tai nit i;
e U, U, tuong ung la md-dun dién &p tai cac nit i vak;
e G,, B, tuongung la phin thuc va ao ciia phan tir ik trong ma tran Y s
e O, O, twong ing la goc pha dién &p tai cac ndt i vak.
Phuong phédp Newton-Rapson [13] thuong dugc ap dung §é tim nghi¢m cua h¢ phuong trinh phi
tuyen (1)-(2). Theo phuong phap nay, tai budc lap thi r, ta can giai hé phuong trinh tuyén tinh:

LQ} B {M L} LU/U} )
trong d6, H,N,M va L la c&c ma tran con cta ma tran Jacobi.
T T
[AP|AQ] =[AR,AR,,..., AR, ,|AQ,AQ, ..., AQ, | (&)

2.2. Phwong phdp trao lwu céng sudt mgt chiéu (DCPF)

Phuong phap trao luu cong suat mot chidu (DCPF) dwoc md ta trong céc tai lieu tham khao
[71, [8], [14], [15] va dugc trinh bay chi tiét nhu dudi day. Phuong phap DCPF chi phi hop dé
tinh toan ché do xac lap cua luéi dién co dién ap dinh muc tir 220 kV tro 1én. Ngoai ra, hé
phuong trinh trao Iuu cong suat theo phuong phap DCPF ciing duoc 4p dung rong réi trong cac
bai toan t6i wu cho ludi dién 220 kV tré 1én nhu phan bd tdi wu cong suat (ED — Economic
Dispatch), lap lich van hanh cho céc t6 méay phat (UC — Unit Commitment) va tinh gi4 bién niit
trong thi truong dién ban buon.

Véi ludi dién c6 dién ap dinh mac tir 220 KV tré 1&n, dong cong suit phan khang trén céac
dudng day thuong nho hon nhiéu dong cdng suét tac dung. Dya trén dic diém nay, phuong phap
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DCPF chi xét dong cong suit tac dung va bo qua dong cong suat phan khéang, tuc Ia chi tinh toan
vai (1) va bo qua (2).

Bén canh do, cac dudng day c6 dién ap tir 220 kV tro 1én thuong st dung day dan vai tiét dién
Ién va c6 phan pha. Bdng thoi, khoang cach gitra cac pha cua cac duong day nay ciing 16n. Do
do, trong so d6 thay thé cua duong day (xem Hinh 1), tri sb dién tro tac dung (ri) nho hon nhiéu

dién khang (x;) va tri s6 dién dan tac dung (g,‘c’kh ) nhé hon nhiéu dung dan (b ) Dua trén dac

diém nay, phuong phap DCPF coi tri s6 dién tro tac dung va dién dan tac dung bang 0. Khi do,
Gik= 0 va biéu thuc (1) dugc viét lai nhu sau:

N
P=U>UBsing; i=12..,N (5)
k=1
| r+1i k
| i 1% |
| | S |
o + jb! H g + iby
2 2

Hinh 1. So' do thay thé ciia durong day

Ngoai ra, trong ché do xéc 1ap binh thuong, md-dun dién &p tai cac nit cua ludi dién thuong
Iéch khdng qua 5% so vei dién ap dinh muc. Do d6, v6i phuong phap DCPF, mé6-dun dién ap cac
nuat duogc gia s bang 1 pu. Khi d6, biéu thic (5) dugce xap xi nhu sau:

N
P=>B,sing,; i=12...,N (6)

k=1
Dic diém tiép theo cua van hanh hé thong dién trong ché do xéc lap binh thuong 1a chénh léch
goc pha dién 4p gitra hai ndt lién ké nhau thuong nho (|6 —J,|<5°). Khi do, biéu thac (6) duoc

X4p xi nhu sau:
N N
P =Y B,sin(5-3,) ZB,k (6,-6,)= z -38,), i=12,. (7
k=1 1, k=

Thanh phan B, ;, bang trir cia phan 4o cua tong d5 doc nhanh ik, tic 12 By, =1/X,. Khi

do6, biéu thire (7) duoc viét lai nhu sau:
a:ﬁgﬂi(@ S5) i=12,...N ®)
2.3. Phwong phdp trao lwu cong sudt tuyén tinh tach bién (DLPF)
Céc xap xi tuyén tinh duogc ép dung vao (1) dé phén tach mo-dun dién ap va goc pha dién ép:

=U?%G, +U, Z U,G, cosd, +U, z U, B, sin g,

k=1,k=i k=1k=i
N N
:Uiz(gn glkj+ul Z Uk Oix COSé‘Ik+U z U )Siné‘ik
k=1,k=i k=1,k=i k=1,k=i (9)
N
:Uizgii Z U|gik (Ui_Uk COSé‘ik)_ Z UiUkbik Siné‘ik

k=1,k=i k=1k=i
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trong do:
N N
. Yi + Yi khi k =i , - Yi khi k =i
* Yu=G+JBy = J=lZJ:¢i : o Yu =Gy + B = jﬂZi‘;i :
~Y, khik =i Vi khik =i

G,., B, lan luot a phan thyc va phan 4o ciia phan tir thuge hang i, cot k trong ma tran
tong dan v';

G,., B 1an luot 1a phan thyc va phan 4o caa phn tir thudc hang i, cot k trong ma tran
tong dan Y vai su bo qua thanh phan ngang;

e VY, =0, +Jb, latdng din doc cua duong day ik;

e VY.=0,+ Jb latdng din ngang cua nat i.
Tuong tu, phuong trinh (2) cho cng suat vé cong cia ndt i dwoc xap Xi nhu sau:

N N
Q =->BU, - G5 (10)
k=1 k=1
Luu ¥ rang, vi dién dan tac dung c6 thé xem nhu khéng déng ké so véi dién dan phan khang
trong tong din ngang (9; <b;) do do G =G,
Dong cdng suat vo cong caa nlt i dwoc xap xi viét lai nhu sau:
N N
Qi = _z BikUk - zGiké‘k (11)
k=1 k=1

Ta xét xap xi trong bieu thirc cia dong cong sut tac dung trén nhanh cua phuong phép trao
luu cong suat tuyen tinh tach bién (DLPF) nhu sau:
gikUi(Ui -U, COSé}k)zgik (Ui _Uk) (12)
Co s& ly thuyét giai thich cho phép xap xi trén duoc dé xuét trong mé hinh DLPF nhu sau:
9Y; (Ui —U, cos g, ) ~ g, (Ui -U, ) = O (1+AUi )(AUi _Auk)
~ Oy (AUi —-AU, ) = Qi (1+AUi -1-AU, ) = Ok (Ui _Uk)

Luu y rang, U; va U, 1an luot phan tach thanh (1+AU,) va (1+AU,), trong d6 AU; va AU,

(13)

thuong nho hon U; va U, mét bac thap phan. Trong budc thir hai ciia phuong trinh trén, ¢6 thé bo
qua U;” va AU,AU, ma khong gay ra sai sé dang ké vi chiing nho hon U; va U, hai bac thap phan.
Biéu thirc tuyén tinh cho dong cdng suat hitu cong va dong cdng suat vo cong:
Pv = O (Ui _Uk)_bik (é‘l _5k)

Qik z_blk (Ui_Uk)_gik(é‘i_é‘k)_blskhui/z (14)

trong d6, b 12 tdng din ngang cua nhanh ik.

Luu y rang, dé dam bao tinh tuyén tinh, ton that céng suét trén duong day dwoc bo qua. Do
do, P, =—PB,, trong d6 P, 12 dong cong suét hiru cong tir ndt i dén nit k.

Phuong trinh (9) va (10) biéu thi cong thirc co ban cia md hinh DLPF. Dang ma tran cua cac
phuong trinh nay duoc viét nhu sau:

oo 1o ®
trong do:

e P,Q lan luot 1 ma tran cong suét hitu cong va vo cong;
e G,B lan luogt 1a phan thyc va phan ao ciia ma tran tong dan;
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e B'la phan a0 cua ma tran tong dan bo qua thanh phan ngang;
e 3, U lan luot 1a ma tran goc pha dién ap, mo-dun dién ap nut.
Dé thuan tién cho viéc tinh toan, ta sip xép cac ndt nay theo thir tw sau: ndt can bang, nat PV
vanat PQ.
_[sT T <T7". [y T T "
8=[8,00,0, | ; U=[UL, UL | (16)
trong do:
e 0;, Uy lan luot la cac véc-to goc pha dién ap, mo-dun dién ap cua nit can bang;
e 0, U lan luot la cac véc-to goc pha dién ap, mo-dun dién ap cua nit PV;
e 9,,U, lan luot la cac véc-to goc pha dién ap, mo-dun dién ap cua nit po.
Ma tran téng dan Y ciing c6 thé dugc phan tach theo cach tuong ty:
YRR YRS YRL
Y = YSR YSS YSL (17)
YLR YLS YLL
trong do:
e Yy 12 matran tong dan giira nut can bang vai nit can bang;
e Yy, & ma tran tong dan giira nit can bang vai cac ndt PV;
e Y, lamatran tdng dan giita nt can bing véi cac nat PQ.
V6i su ¢ mit cua cac véc-to con 8y, Uy VA Us | ta c6 thé bién ddi biéu thirc (15) thanh:

o L) &

|5 Ps I BéL -G SR -G SS 6R
trong do: {Q} =| P |+|B; -G -G | Usg (19
QL _G LR BLR BLS Us

Véi:
e P la cong suat tac dung cua nit PV ;
e P, Q, lan luot la cong sut tac dung, cong suat phan khang cia nit po:
o B{ laphin ao cia matran tdng din Y boé qua thanh phan ngang;

e Gg 1a phan thuc cua ma tran tong dan Y.

H N B:ss B:SL _GSL
M L =- BLS BLL _GLL (20)
GLS GLL BLL
cac matran H, N, M, L dugc dinh nghia nhu sau:
B. B. -G
= |Bs ;SL}N:_[ SL}M:_G G 1 L=_[B (21)
|:BLS BLL _GLL [ = LL] [ LL]
5=[85,8| |; U=U, (22)
Thuyc hién cac phép bién doi hang cho biéu thic (18), ta dugc:
P-NL'Q| |H-NL'M 0] &
~ = . (23)
o) M L|l0O
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. P _[H N 5
v O-MHP {o L—MH'lN} 0 (24)

_ Két hop hang 1 cua biéu thac (23) va hang 2 cia biéu thirc (24) ta thu duoc ma tran mdi s&
dan dén su phén tach mé-dun va goc pha dién ap nhu sau:

P-NL'Q |_|H 0}
. ? S | (25)
Q-MH'P| |0 L]0
trong do: H=H-NL'M; L=L-MH"N (26)
Tir biéu thic (25) ta suy ra dugc biéu thuc tinh todn cac gia tri goc pha dién ap va mo-dun
dién &p cua cac nat chua biét dua vao cong suat B va Q duoc bom vao nat dugc viét nhu sau:
o=H'P-H'NL'Q; U=L'Q-L'MH"'P (27)
3. Két qua tinh toan va thao luan
3.1. M6 td dér liéu lusi 39 nut New England

Ludi dién truyén tai 39 nat New England [16] duoc md ta nhu Hinh 2. Ludi dién c6 39 ndt va
46 nhanh, trong d6 c6 10 nat ngudn tai cac nat 30, 31, 32, 33, 34, 35, 36, 37, 38, 39 véi nit 31 14
nit can bang. Dir liéu co so:S, =100 MVA, U, =345kV. Tong cong suit phu tai bang
625,42+ j138,71 MVA.

<37>
<30>
A
<25> <26>| ‘ <28> <29>
c—

<27> <24> <38>

<1> i G9
G1 <18> S1r>

G6
<16>
<3> v
<15> <35>
<39> 2 —
<21> <22>

<5> T <19>
<6> <12>

<7>

<23>¢

=33 <36>

G7

G2 G4

G3

Hinh 2. Luéi dién 39 nit New England
Dit liéu nat, thdng s6 nhanh duong day va may bién &p cua luéi dién truyén tai 39 nat New
England dugc mé ta & Bang 1 va Bang 2.
Bang 1. Dir liéu nat

NGt Loainat U(pu) & Ps(pu) Qu(pu) Py(pu) Qp(Pu) Qupax (PU)  Qumin(PU)

1 PQ 0,976 0,442
2 PQ 0 0
3 PQ 3,22 0,024
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NGt Loginat U(pu) & Ps(pu) Qs(pu) Po(pu) Qp(Pu) Qunax(PU)  Qamin (PU)
4 PQ 5,00 1,84
5 PQ 0 0
6 PQ 0 0
7 PQ 2,338 0,84
8 PQ 5,22 1,766
9 PQ 0,065 -0,666
10 PQ 0 0
11 PQ 0 0
12 PQ 0,0853 0,88
13 PQ 0 0
14 PQ 0 0
15 PQ 3,20 1,53
16 PQ 3,29 0,323
17 PQ 0 0
18 PQ 1,58 0,30
19 PQ 0 0
20 PQ 6,80 1,03
21 PQ 2,74 1,15
22 PQ 0 0
23 PQ 2,475 0,846
24 PQ 3,086 -0,922
25 PQ 2,24 0,472
26 PQ 1,39 0,17
27 PQ 2,81 0,755
28 PQ 2,06 0,276
29 PQ 2,835 0,269
30 PV 1,0499 2,50 1,618 0 0 4,00 1,40
31 Canbing 0982 0 6,779 2,216 0,092 0,046 3,00 -1,00
32 PV  0,9841 6,50 2,070 0 0 3,00 1,50
33 PV  0,9972 6,32 1,083 0 0 2,50 0
34 PV  1,0123 5,08 1,667 0 0 1,67 0
35 PV 11,0494 6,50 2,107 0 0 3,00 -1,00
36 PV 1,0636 5,60 1,002 0 0 2,40 0
37 PV 1,0275 540  -0,0134 0 0 2,50 0
38 PV 1,0265 8,30 0,217 0 0 3,00 -1,50
39 PV 1,03 10 0,785 1,104 2,50 3,00 -1,00
Bang 2. Thong sé nhanh duwong day va may bién &p
Nhanh r (pu) X (pu) bSh (pu) Nhanh r (pu) X (pu) b*" (pu)
1-2 0,0035 0,0411 0,6987 14-15 0,0018 0,0217 0,366
1-39 0,001 0,025 0,75 15-16 0,0009 0,0094 0,171
2-3 0,0013 0,0151 0,2572 16-17 0,0007 0,0089 0,1342
2-25 0,007 0,0086 0,146 16-19 0,0016 0,0195 0,304
2-30 0 0,0181 0 16-21 0,0008 0,0135 0,2548
3-4 0,0013 0,0213 0,2214 16-24 0,0003 0,0059 0,068
3-18 0,0011 0,0133 0,2138 17-18 0,0007 0,0082 0,1319
4-5 0,0008 0,0128 0,1342 17-27 0,0013 0,0173 0,3216
4-14 0,0008 0,0129 0,1382 19-20 0,0007 0,0138 0
5-6 0,0002 0,0026 0,0434 19-33 0,0007 0,0142 0
5-8 0,0008 0,0112 0,1476 20-34 0,0009 0,018 0
6-7 0,0006 0,0092 0,113 21-22 0,0008 0,014 0,2565
6-11 0,0007 0,0082 0,1389 22-23 0,0006 0,0096 0,1846
6-31 0 0.025 0 22-35 0 0,0143 0
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Nhanh r (pu) X (pu) bSh (pu) Nhéanh r (pu) X (pu) b*" (pu)
7-8 0,0004 0,0046 0,078 23-24 0,0022 0,035 0,361
8-9 0,0023 0,0363 0,3804 23-36 0,0005 0,0272 0

9-39 0,001 0,025 1,2 25-26 0,0032 0,0323 0,531
10-11 0,0004 0,0043 0,0729 25-37 0,0006 0,0232 0
10-13 0,0004 0,0043 0,0729 26-27 0,0014 0,0147 0,2396
10-32 0 0,02 0 26-28 0,0043 0,0474 0,7802
12-11 0,0016 0,0435 0 26-29 0,0057 0,0625 1,029
12-13 0,0016 0,0435 0 28-29 0,0014 0,0151 0,249
13-14 0,0009 0,0101 0,1723 29-38 0,0008 0,0156 0

3.2.

Két qud tinh toan

Trong phan nay, hai md hinh trao luu cong suat tuyén tinh duoc tinh toan sir dung phan mém
MATLAB. Phuong phap Newton-Raphson (N-R) duoc tinh toan bang phan mém MATPOWER
[17]. Két qua tinh toan md-dun dién ap nat duoc trinh bay trong Bang 3. Luu ¥ rang, gia thiét cua
phuong phap DCPF 1a coi dién p tai cac ndt bang 1 pu. Két qua tinh toan goc pha dién ap va
dong cong suat tac dung trén cac nhanh duoc md ta tuong ung trong Bang 4 va Bang 5. Két qua
tinh toan dong cong suat tac dung nhanh (bao gom chiéu va tri s§) theo phuong phap DLPF duoc
mo ta trén Hinh 3, trong d6, miii tén trén cac nhanh mé ta chidu dong cong suét tac dung va tri s6
canh miii tén 14 tri s6 cOng suat tac dung nhanh véi don vi MW.
Bang 3. Két qua md-dun dién ap nit (pu)

NGt Phuong phap Nt Phuong phap Nt Phuong phap
N-R DLPF DCPF N-R DLPF DCPF N-R DLPF DCPF
1 1,039 1,043 1 14 1,012 1,031 1 27 1,038 1,055 1
2 1,04 1,057 1 15 1,016 1,034 1 28 1,050 1,066 1
3 1,030 1,044 1 16 1,032 1,049 1 29 1,050 1,063 1
4 1,004 1,022 1 17 1,034 1,050 1 30 1,05 1,05 1
5 1,006 1,024 1 18 1,031 1,047 1 31 0982 0,982 1
6 1,008 1,026 1 19 105 1,061 1 32 0984 0,984 1
7 0998 1,016 1 20 0,991 0,998 1 33 0,997 0,997 1
8 0997 1,015 1 21 1,032 1,049 1 34 1012 1,012 1
9 1,038 1,046 1 22 1,050 1,063 1 35 1,049 1,049 1
10 1,017 1,035 1 23 1,045 1,059 1 36 1,063 1,063 1
11 1,013 1,031 1 24 1,038 1,056 1 37 1,027 1,02 1
12 1,000 1,018 1 25 1,057 1,06 1 38 1,02 1,02 1
13 1,001 1,032 1 26 1,052 1,068 1 39 1,030 1,030 1
Bang 4. Két qua gdc pha dién &p (dg)

. Phwong phap . Phwong phap . Phuong phap
NOt —NR  bipr bcer | "' " NR DLPF bcpr | "' "N-R DLPF DCPF
1 -1352 -124 -123 | 14 -10,72 -967 967 | 27 -99 -99 9,9
2 9,78 83 -810 | 15  -11.3 -101  -101 | 28 -59 -38 -3,8
3 -1227 -111 -109 | 16  -10,0 -8,6 85 |29 -31 -07 -0,8
4 -1263 -116 -116 | 17  -111 -9,7 97 |3 -73 56 5,4
5 -11,19 -103 -103 | 18  -11,9 -10,7  -10,6 | 31 0 0 0
6 -1041 964 965 | 19 541 351 -343 | 32 -02 08 0,8
7 12,76 -11,9 -119 | 20 -6,82 -495  -487 | 33 -02 1,9 2,1
8 -1336 -125 -125 | 21 -7,63 603 598 | 34 -16 02 0,4
9  -1418 -132 -131 | 22 -3,18 -1,17  -1,09 | 35 18 42 43
10  -817 717 -715 | 23 -3,38 -138  -1,32 | 36 45 7,3 7.4
11 -8,94 799 <799 | 24 991 843 841 | 37 -15 07 0,5
12 -8,99 -802 -806 | 25  -8,36 669 -681 | 38 39 6,9 6,7
13 -8,93 -7,9 79 | 26 945 -7,8 78 | 39 -95 951 -942
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Bing 5. Két qua dong cong sudt tac dung nhanh (MW)

Nhénh DLPF DCPF N-R Nhénh DLPF DCPF N-R
1-2 -177,55 -178,36 -174,1888 14-15 32,83 35,07 50,2879
1-39 79,95 80,76 76,0670 15-16 -287,18 -284,94 -270,1509
2-3 327,93 333,44 319,2471 16-17 223,59 225,97 223,8482
2-25 -255,47 -261,79 -246,7606 16-19 -459,87 -460 -452,8377
2-30 -256,25 -250 -250,0000 16-21 -334,87 -334,78 -330,0122
3-4 52,67 54,12 37,2358 16-24 -45,04 -45,13 -42,6950
3-18 -46,75 -42,69 -40,7687 17-18 204,75 200,69 198,9081
4-5 -177,83 -177,69 -197,6041 17-27 18,84 25,29 24,6326
4-14 -269,51 -268,2 -265,7044 19-20 204,35 172 174,6197
5-6 -515,42 -514,76 -537,2231 19-33 -652,07 -632 -630,5529
5-8 337,59 337,07 338,7112 20-34 -510,05 -508 -506,7447
6-7 448,77 448,48 453,1853 21-22 -608,87 -608,78 -605,8143
6-11 -339,13 -338,21 -323,0160 22-23 41,14 41,23 42,7817
6-31 -668,82 -625,03 -668,6711 22-35 -666,25 -650 -650,0000
7-8 214,97 214,68 218,6589 23-24 353,64 353,73 352,5744
8-9 30,56 29,75 34,6455 23-36 -560 -560 -559,2848
9-39 24,06 23,25 27,9749 25-26 60,58 54,22 65,3510
10-11 341,83 340,91 327,6823 25-37 -550,64 -540 -539,1714
10-13 308,18 309,1 321,8951 26-27 262,17 255,72 256,8355
10-32 -695,5 -650 -650,2 26-28 -145,41 -145,37 -141,2135
12-11 -2,2 -2,71 -4,0707 26-29 -195,19 -195,14 -191,1453
12-13 -5,37 -5,83 -4,4909 28-29 -351,41 -351,37 -348,3858
13-14 302,33 303,27 316,7440 29-38 -842,34 -830 -827,3830
G10 c8
o <37> e
A 14541 351,41
202 55064 i <85> <26> | 28> s;z;>
G1 <18> 17> — ' oo
I o | S0 16>
52,67 26051 32,83 as087 <21> <22>| 666,25 st
<> — <14> | i
337,504 <7>448.77 éz‘z 537 ) ﬁﬁ

<9>

<8>

914,97

30,56

y 98827 33013

<11>

<13>

34183 10>

<31>

G2

6955
<32>

G3

560

<36>

G7
G4

Hinh 3. Chiéu va trj sé (MW) dong cong sudt tac dung theo phwong phdp DLPF

3.3. Pdnh gid sai so

Béng 6. So sanh sai ¢ Ciia hai phirong phdp

Mo0-dun di¢n ap (pu)  Géc pha dién ap (°) Dong cong suit tac dung (pu)

DLPF DCPF DLPF DCPF DLPF DCPF
Sai sb trung binh  0,0112 0,0288 1,4816 15121 0,0886 0,0674
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L4y két qua ctia phuong phap Newton-Raphson 1am tiéu chuan, sai s6 cua cac phuong phap
(md) duogc tinh nhu sau:

thJb =%i|uimd _UiNR| (pu); g;b
1

|5’“d 5“R| (°); i=1..n
i=1

5 (28)
:_Z|Pi"‘d—PiNR| (pu); i=1..m

trong do, &°,£% &2 1a sai s6 trung binh cia md-dun dién 4p, goc pha dién ap va dong cong

suat tc dung nhénh.

Két qua danh gia sai s cua cac dai lugng md-dun dién ap, gbc pha di¢n ap, dong cong suét
tac dung nhanh duoc trinh bay trong Bang 6. Ta thay rang, sai so trung binh vé mé-dun dién ap
ctia phuong phap DLPF t6t hon phuong phap DCPF. Sai s6 trung binh ciia goc pha dién ap so véi
phuong phap Newton-Rapson 1a 1,4816" khi st dung phuong phap DLPF va 1,5121 khi st dung
phuong phap DCPF. Ta thay rang, két qua sai s6 cua dong cong suét tac dung nhanh cia phuong
phap DCPF tét hon so voi phuong phap DLPE. Tuy nhién, wu diém ndi bat cua phuong phap
DLPF Ia tinh rat chinh x4c md-dun dién ap nut, trong khi phuong phap DCPF khong tinh duoc.

4. Két luan

Bai bao so sanh hai phuong phap trao luu cong suét tuyén tinh cho ludi dién truyén tai 39 nit
New England, bao gdm phwong phap dong dién mot chiéu (DCPF) va phuong phap trao luu cong
suit tuyén tinh tach bién (DLPF). Sai s6 trung binh vé& dong cong suat tic dung nhéanh cua
phuong phap DCPF tét hon so véi phuong phap DLPF. Tuy nhién, sai s6 trung binh vé mé-dun
dién 4p nat va goc pha dién &p nat cta phuong phap DLPF déu tét hon so v&i phuong phap
DCPF. V¢ pham vi ap dung, phuong phap DLPF c6 thé ap dung cho ca luéi dién phan phol va
ludi dién truyén tai. Tuy nhién, phuong phap DCPF chi ap dung dugc cho ludi dién truyén tai.
Chu dé nghién ciru trong tuong lai 13 so sanh cac phuong phap trao luu cong suat tuyén tinh cho
hé thong dién khong d6i xung c6 nguén dién phan tan.
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