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Power flow analysis is an important problem in the operation and
planning of power systems. The purpose of this problem is to determine
the bus voltages, branch power flows, and power losses of power
networks. Traditionally, power flow analysis has been performed using
the Newton-Raphson method. The traditional Newton-Raphson method
solves the nonlinear algebraic equations in the real domain. This paper
proposes a Newton method based on Wirtinger calculus to directly
solve the algebraic equations in the complex domain. Additionally, the
voltage-dependent load model (ZIP load) with time-varying power
consumption is also considered in this paper. The proposed Newton
method is programmed using the MATLAB language and evaluated on
the 102-bus grid of Luc Ngan district, Bac Giang province, in the year
2021. The obtained results show that the bus voltages, power losses,
and energy losses calculated from the proposed Newton method have
very small errors compared to the traditional Newton-Raphson method.

PHUONG PHAP NEWTON SU DUNG GIAI TICH WIRTINGER DE
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Phan tich ché d¢ xac lap 1a vo cung quan trong trong van hanh va quy
hoach hé théng dién. Muc dich chinh cta viéc xac dinh cac thong sd
ché do trong trang thai xac 1ap la xac dinh dién ap cac nit, phan b
cong sudt va cong suét tiéu hao cua ludi dién. Theo truyén thong, tinh
toan ché do xac 1ap duoc thuc hién bang cach s dung thuat toan
Newton-Raphson. Phuong phap Newton-Raphson truyén thong giai h¢
phuong trinh dai s6 phi tuyén trén mién s thuc. Bai bao nay dé xuat
phuong phap Newton dua trén phép tinh Wirtinger dé giai truc tlep hé
phuong trinh dai s6 trén mién s phirc. Bong thoi, md hinh cong suat tai
phu thudc vao dién ap (tai ZIP) véi cong sudt tiéu thy thay ddi theo thoi
gian cling dugc xem xét trong bai bao nay. Phuong phap Newton dua
trén phép tinh Wirtinger dugc lap trinh bang ngoén ngit MATLAB va sir
dung luéi dién 102 nat, huyén Luc Ngan, tinh Bic Giang nam 2021 dé
danh gia. Két qua so sanh dién 4p nut, cong suat tiéu hao va ton that
dién nang gitra phuong phap Newton dé xuat va phuong phap Newton-
Raphson truyén thong c6 sai s6 nho va c6 thé bo qua trong cac ap dung
tinh toan thoi gian thuc.
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1. Gioi thigu

Phan tich ché d6 xéc 14p 1a bai toan quan trong trong viéc van hanh, quy hoach va thiét ké luéi
dién phan phéi. Ludi dién phan phdi c6 ty s6 R/X 16n va co cac doan duong day rat ngan. Do do,
phuong phép tach bién nhanh (FDPF) [1] thudong khong hoi tu khi 4p dung dé tinh toan cac thong
s6 ché d¢ trong trang thai xac 1ap cua ludi dién phan phéi. Bén canh d6, phuong phap truyén
thdng Newton-Raphson ciing kho tim dugc 101 giai trong cac truong hop giai kém [2]. Mat khac,
lu6i dién phan phdi thuong dwoc van hanh véi cau trac hinh tia dé giam chi phi cac thiét bi bao
Vvé va don gian hoa quy trinh van hanh. Do do, cac ky thuét Iap Ladder nhu phuong phap cong
cong sut va phuong phap cong dong dién thuong duoc st dung. Tuy nhién, ludi dién phan phéi
hién nay dang ngay cang tré nén phuc tap do sy thdm nhap dang ké cua nguon dién phén tan
(DG). Phuong phap lap Ladder chi dp dung véi luéi dién phan phdi c¢6 nguon DG di biét cong
suit hitu cong va cong suat vo cong. Bai bao [3] dé chi ra phuong phép 13p Ladder khong ap
dung duoc cho ludi dién phan phdi ¢6 phén bd cac ngudn phén tan c6 kha nang diéu khién dién
ap. Bén canh cac phuong phap truyén thong, phan tich ché do xac 1ap sir dung mé hinh tdi wu
dang dugc nghién ctu rong réi [4] - [6]. Bai bao [7], [8] da s dung m6 hinh SOCP dé phén tich
ché d6 xac 1ap cua ludi dién phan phdi. M6 hinh ti wu cho phép tich hop hé phuong trinh moé ta
ludi dién trong ché do xac 1ap vao cac bai toan tdi uu trong van hanh va quy hoach hé théng dién.

Tir cac bai bao [1]-[8], ta thdy ring cac phwong phap 13p hodc mé hinh tdi wu thudng duoc sir
dung cho céac bai toan tinh toan cac thong s6 ché do cua ludi dién ¢ trang thai xac 1ap. C6 thé
thay, hau hét ‘cac phuong phép phan tich ché o xac lap trong lu6i phan phéi dwa trén phén tich
trong mién s thuc mic du cong suat tinh toan trong mién so phuc Trong cach tlep can truyen
thdng, phuong trinh trao luu cong suit dugc phan tach thanh phan thuc va thuc phan ao dé thu
dugc m6 hinh trong mlen s6 thuyc, tir 6 cac dai luong dugc phan tach thanh phan va phan 4o trén
mat di tinh chat dai s6 cua ching trong mién phirc. Phan tich trong mién sé phiic sé& 1a cach tiép
can tu nhién nhét cho céc bai toan tinh toan cac thong sb ché do cua ludi dién & trang thai xac
lap. Kho khan chinh cta cac phuong trinh trao luu cong sudt trén mién phirc 1a khong kha vi
phtic; do d6, khong thé khai trién truc tiép Taylor trong mién phirc. Vi vay, phép tinh Wirtinger
dugc str dung dé thay thé hé phuong trinh s thuc thanh hé phuong trinh sb phic [9].

Mot 1y thuyét vé& cac ham khong kha vi phirc cia Poncaré duge Wilhelm Wirtinger phat trién
thém [10]. Ly thuyét nay giai quyét cac ham khong kha vi phirc bang cach dinh nghia cac toan tir
méi, dugc goi 1a dao ham Wirtinger. CAc toan tir nay khong théa mén tat ca cac tinh chat cua dao
ham phirc thong thudng (vi du nhu diéu kién Cauchy — Riemann); dy c6 18 1a Iy do chinh khién
phép tinh Wirtinger it duoc biét dén trong cong ddng toan hoc. Ngoai ra, phép tinh Wirtinger c6
mot vai uu thé trong tinh toan cac thong sd ché do cua hé thong dién ¢ trang thai xac 1ap, bao
gom ludi dién cao ap va ludi dién phan phdi. Bai bao nay, cic tac gia ap dung phuong phap
Newton dya trén giai tich Wirtinger dé phan tich ché do xac 18p cua ludi dién phan phéi, trong do
cac phan tir trong ma tran Jacobi dugc biéu dién gon gang bang toan tir moi dugc goi 1a dao ham
Wirtinger. Ma tran Jacobi gon gang dan dén thoi gian giai nhanh.

Muc dich chinh ctia bai bao nham thuc hién tinh toan cac théng sé ché d6 cua ludi dién trong
trang thai xac 1ap s dung phuong phap Newton sir dung phép tinh Wirtinger c6 xét ngudn dién
phan tan va mo hinh tai phu thudc dién ap véi cong suét tiéu thy thay doi theo thoi gian. Cac
doéng gdp cua bai bao bao gom:

D& xuit thuat toan Newton sir dung phép tinh Wirtinger dé tinh toan cac thong sé ché d6 cua
ludi dién phan phdi ¢ trang thai xac 1ap.

e Két qua tinh toan cta phuong phip dé xuat duoc dbi chiéu véi phuong phap Newton-
Raphson dé khang dinh sy chinh xac va hiéu qua.

e So sanh két qua dién ap nut cta ludi dién c6 xét mo hinh tai ZIP va tai cong suat hang.

Bai bdo gdm 4 phan. Phan 2 trién khai phwong phéap tiép can nghién ctru, gdm c6 mé hinh trao
luu cong suat sir dung phép tinh Wirtinger, mo hinh phu tai ZIP va bai toan phan tich trao luu cong
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suét sir dung phép tinh Wirtinger véi phu tai mo hinh tai ZIP c6 cong suét tiéu thu thay dbi theo
thoi gian. Phan 3 bicu dien ket qua tinh toan cho ludi dién phan phoi xuat tuyen 374 huyén Luc
Ngan, tinh Bac Giang. Nhitng ket luan va hudng nghién ctru tuwong lai dugc dién ta trong phan 4.
2. Phuong phap tiép cin nghién ciru
2.1. M6 hinh phén tich ché 0 xdc 1gp sir dung phép tinh Wirtinger

Xét mot luéi dign phan phdi, ta biét duoc ma tran tong din Ygs =[Y,, | ctia no. Nut can
bang (slack bus) dugc danh sé 1 va cac nat con lai 1a N = {2,...,N}. Pién ap nut cin bang 1a A
dugc cho trudce, do d6 ta can tim dién ap nit k: V, voi kel2,...,N]. Tat ca cac bién sd, phuong
trinh dwoc biéu didn trong mién phirc va tat ca cac dao ham la dao ham Wirtinger. Dé don gian,
ta xét mo hinh phu tai v4i cong suat khong doi (tai cong suat hang). Voi V, la dién ap nat k, 1,
1a dong dién niit k. Do d6, cong suat nut k 1a S, va dong dién nit I, dwoc xac dinh béi:

N
Se =Vl =YV +Y NV + > Y.V, 1)
m=2,m=k

Cht y rang, S, duoc si dung thay cho S, dé don gian héa. Luu ¥ rang ham nay khong phai
1a ham kha vi béi vi n6 phu thudc vao ca V va V. Bé c6 thé sir dung phuong phip Newton, ta
can tinh toan cac dao ham va dao ham lién hop sau day:

By _ =V, —k ol =Y V. ; ﬁt: I B _ V, —k o, =Y.V ﬁ.ﬁ:o (2
N, Ve, EYA EYAR-YA N
Vi vay, chiing ta c6 thé tinh toan vi phan dS; = AS;, do d6 ta c6 cong thirc sau:
AS; = o5, AV, + B AV 4 &S, AV, + 55 <AV 3
8V oV, 5V 6V

Thuc hién khai trién va bién déi dai s6 don gian, ching ta c6 thé dua biéu thic vi phan trén
vao dang ma tran nhu sau:

ASy; = (diag (Vs ) Yinms ) AV +diag (I )AVY, 4
trong do, AS,,, la vector cot cua lién hop cua do léch cong sudt tai N-1 nat (trir nat can bang):
diag (V:,_l) 1a ma tran duong chéo véi cac phan tir trén duong chéo 1a sé phirc lién hop cua dién
ap nat cua N-1 nt; Yy 4.y 18 ma tran con cua ma tran tong dan khi bé di cot dau va hang dau
cua ma tran téng dan; AV,,, AVy, lan luot 1 vector cot cua do léch dién ap nut sau mdi budc
Ip tir nat 2 t6i nat N va s6 phte lién hop cia né; diag (1, ) 1a ma tran duong chéo voi cac phan
tir trén duong chéo 1a tong dong dién di vao cac nat tir 2 dén N.
beé giai h¢ (4), ta co thé thyuc hién nhan (4) véi diag(V,,_,)™ dé thu duoc:
ASN 1 /VN 1= (N 1)(N- 1)AVN-1 +diag (IN—l /V;—l)AV:l—l (5)
trong d6, AS},, / V;,, va I, IV}, la phép chia timg phan tir.
Dt J, =AS,, / Vy, va K, =diag(l,, / V) vi thé ta c6 thé don gidn hoa ham (4) la:
‘J Y(N -1)(N- 1)AVN—1 + KN—lAV;—l (6)
Luuy réng Jyg va K, lan lu:qt la mét vector va mot ma tran duong chéo. Thong qua mot
phép ghép don gian, chiing ta c6 thé thu dugc h¢ phuong trinh tuyén tinh nhu sau:

(JN_lJ _ Y(N—l)(N—l) Ky (AVN 1] )
J:\H Ky Y(N )(N-1) AVN 1
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Loi ich chinh cta phép tinh Wirtinger 1& chung ta c¢6 thé thu dugc cac phuong trinh trao luu
cong suat mot cach truc tiep ma khong can tach riéng phan thyc va ao, dan dén maét biéu dién gon
gang cua ma tran Jacobi nhu trong (4), van ¢ dang so phuc.

2.2. Phan tich ché d¢ xdc lgp bang phwong phdp Newton sit dung phép tinh Wirtinger véi phu
tdi moé hinh tdi ZIP

Mo hinh phuy tai 1a mot vin dé quan trong khi tinh toan cac thong s6 ché do cia ludi dién trong
trang thai xac 1ap. M6 hinh toan hoc cia mot phu tai nhat dinh trong hé théng dién twong d6i don
gian. Tuy nhién, trong thyc té, phu tai c6 nhiéu loai khic nhau. Phu tai cha yéu chia lam 3 loai
chinh 1a: phu tai sinh hoat, phuy tai dich vu va phu tai cong nghiép. Véi phu tai hon hop nhu vay,
viéc mo hinh hoa chi tiét phu tai 1a kha phuc tap, tham chi khong thé mé hinh duoc. Phy tai tong
hop c6 thé dugc mé ta st dung cac md hinh: Cong suét hang, tong tré hang va dong dién hang.
Trong hau hét cac trudng hop, phu tai khong thé duge mo ta s dung duy nhat mot kiéu mé hinh.
Vi vay, Viéc sir dung mot mé hinh cho cac loai tai khac nhau c6 nhiéu uu diém. Trong nghién ctu
nay, md hinh cong suit tai phu thudc vao dién ap (tai ZIP) duoc ap dung dé mé ta phu tai hdn hop.

M6 hinh phu tai ZIP duoc sir dung dé mé ta tai hdn hop:

Pok = Pooi (@PUZ +7U, +67 ); Qoy = Qoo (a0UZ +b{U, +c7) ®)

trong do, a; by ,c;,a2,be va ¢? 1a hé s6 cua mo hinh tai ZIP; Poo, va Qpge theo thir ty 1a
cong suat hitu cong va cong suat vo cong cua phu tai nit k tai dién ap dinh muc (pu).

Phuong phap dé xuat cé trinh ty giai bai toan tinh toan cac thong so6 ché do cua ludi dién o
trang thai xac 1ap vdi mé hinh tai ZIP trong 24 khoang thoi gian nhu sau:

Buéc 0: bat t=1.

Buoc 1: Pat s busc lap r=0, xép xi gia tri diu cua dién 4p nut tai thoi diém t
V& =1,vk e[2;N], ta dugc ma tran V) (N x1).

Bu6c 2: Tinh toan cong suat phu tai theo (8) dé xac dinh ma tran S(N_l),t ((N —1)><1) tai thoi
diém t véi tong cong suét tai natk (k €[2,..,N]) dwoc viét nhu sau:
Sk,t Z(PDG(k,I) - PD(k,t) ) + j(QDG(k,t) _QD(k,t)) (9)

trong d6, Pogy s Qponyy theo thir tu la cong suat hiru cong va cong suit vo cong ciia nguon
DG tai nut k tai thoi diém t; Powty» Qowy theo thir ty 1a la cong suét hitu cong va cong suat vo
cong cua phu tai tai nut k tai thoi diém t.
Buwéc 3: Tinh toan dong di¢n truyén vao cac nut:
10 = Yous Vi (10)
Buwéc 4: Tinh d6 l1€ch cong suat nat so vai cong suat nut da bict cda ludi dién va so sanh voi
mot SO & . Néu phép so sanh dudi dung thi ding qua trinh 13p tai thoi diém t va ghi ket qua tai
thoi diém t. Sau do, ta kiém tra t <24 ; néu ding thi ting t=t+1 va quay lai Bwéc 1, néu sai
dung giai va dua ra ket qua tai tat ca cac thoi gian xét den.
ASy . = HSN—l,t 'Vlslr-)l,tl(rx?-l,t H <& (11)
Néu phép so sanh sai thi ta ting s6 1an lap 1én r=r +1 va thyc hién giai hé phuong trinh (4)
dé c6 AV, va dién ap niit 1an 13p méi duge xac dinh theo:
(r+1) — \/( (r)
VNr-l,t - VNr-l,t + AVNr-l,t (12)
va quay lai Buérc 2.
Hinh 1 mo6 ta luu do thuat toan cua phuong phap tinh toan cac thong so che do cua ludi dign
phan phoi ¢ trang thai xac 1ap st dung phép tinh Wirtinger c6 xét moé hinh tai ZIP.
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[

| Lua chon xép xi dAu (r=0). VD = 1; vk € [2;N] |

| S{r dung (12), (13) va (14) dé xac dinh SN 1t ‘
}
Tinh V{2 theo (17) | Tinh (15) va (16) dé xac dinn 1, , va asg, |
T

Téng r=r+1, str d .
ang z . Su(r;'mg So sanh Sy
(8) dé tim AV, ",

N-14= €

| Luu két qua tai thoi diém t va tang t=t+1 |

Pung

Hién thi két qua

Hinh 1. Thudr todn dé xudt
3. Két qua tinh toan

Phan nay ap dung phuong phap Newton dya trén phép tinh Wirtinger dugc dé xuat & myc 2
dé tinh toan cac thong sé ché do trong trang thai xac 1ap cua Xuit tuyén 374, huyén Luc Ngan,
tinh Bic Giang nam 2021 ¢6 xét nguon DG. So dd udi dién vai 102 nat va dién ap dinh muc la
35 kV (xem Hinh 2). Téng cong sudt phu tai cuc dai tai dién 4p dinh muc la
Sp, =13,219+ j6,401 MVA .

M5 hinh giai st dung phép tinh Wirtinger duoc lap trinh sir dung phan mém MATLAB [11]
trén may tinh co thong sé Intel(R) Core(TM) i5-7500 CPU @3.40GHz 3.41 GHz va 8GB RAM.
Phuong phap dé xuat dwoc dbi chiéu voi phuong phap Newton-Raphson (NR) trén phin mém
POWERWORLD [12] dé danh gia d6 chinh x4c va hiéu qua.

Hinh 2. So' do xudt tuyén 347 huyén Luc Ngan, tinh Bac Giang

3.1. D ligu tinh todn

Dién 4p tai ntit 1 (n0t cAn bang) 1a 1,05 pu va tat ca cac dit lidu dugc xur 1y trong hé don vi
tuong ddi véi Sy, =LMVA . Phu tai c6 cong suit tiéu thy thay ddi theo thoi gian dugc dién ta
trong Hinh 3 va loai phu tai tai cac nat dugc trinh bay trong Bang 1. M6 hinh tai ZIP ¢6 cac h¢ s6
doi véi cac kiéu phu tai trong h¢ don vi twong doi dugc trinh bay nhu sau [13]:
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— Phu tai sinh hoat: a’ =0,24; b =0,62; ¢/ =0,13; a’ =2,44; b’ =-1,94; ¢’ =0,50
— Phu tai dich vu: & =0,16;b; =0,80; ¢; =0,04; a’ =3,26;b% =-3,10; ¢} = 0,84
— Phuy tai cong nghi¢p: a; =-0,07;b; =0,24;¢; =0,83;a) =1,00;b% =0;c’ =0

120 4

= = = Sinh hoat = * =Dich vu

Cong nghiép

100

Cong suat (%)
(=} oo
(=3 (=}

4
=)

]
=]

=}
Y

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Thoi gian (h)

Hinh 3. Céng sudt cuc dai cua phy tdi trong méi gio
Bang 1. Phdn logi tai
Loai tai Dich vu Cong nghiép Sinh hoat
Nut 6, 12, 20, 25, 30, 35, 40, 45, 60,80 5, 10, 14, 18, 51, 54, 70, 82, 90,94  Cac nat con lai
Hon nita, lu6i phan phdi co 120
phan b6 3 ngudn dién gi6 tai cac o | T TP
nut 10, 26 va 33 c6 cung cong suat
kha phat la 1000 kW. Ngoai ra, ba
ngudn dién mat troi duoc dat tai
cac nut 7, 14 va 86 véi cong suét
kha phat 1an lugt 1a 800 kW, 1200
kW va 1000 kW. T4t ca cac nguon N
DG déu ¢o cung cosep=0,95 va o L—
4 X . 1 23 45 6 7 & 910111213 14151617 18 19 20 21 22 23 24
c6 cbdng sudt phat trong moi gio
duoc dién ta trong Hinh 4.

Dién mat troi

80

60

Cong suit (%)

40

Thoi gian (h)
Hinh 4. Céng sudt phdat trong méi gio ciia DG
3.2. Két qud tinh todn

Bang 2 so sanh két qua vé mo-dun dién ap tai gid thir 12 ciia phuong phap dé xuat véi phuong
phap Newton-Raphson. Trong d6, mo-dun dién ap thap nhét déu tai nat 94 (1,0237479 pu véi
phuong phap Newton dua trén phép tinh Wirtinger va 1,0237457 pu véi phuong phap NR). Bén
canh d6, sai sb 16n nhat vé mo-dun dién ap giira hai phuong phap 14 0,2823x107 (tai nit 32).
Nhan manh rang, sai s6 nay 1a rat nho do d6 phuong phép dé xuat phu hop véi thuc té.

Bang 3 trinh bay két qua so sanh thoi gian giai cua phuong phap dé xuat va phuong phap NR.
Thoi gian tinh toan cta phuong phap dé xuat nhé hon rat nhiéu so voi phuong phap NR. Cu thé,
thoi gian giai cia phuong phap Wirtinger va phuong phap Newton truyén thdng lan luot 1a
0,3146 giay va 4,6315 giay.

Bang 4 va Bang 5 trinh bay cong suét tiéu hao va ning luong dién tiéu hao giira hai phuong
phép (phuong phap Newton dya trén Wirtinger va phuong phap NR) tai gio thir 12. Trong do, sai
SO V€ cong suét tiéu hao 1a rat nho (0,01608% vei t6n that cong suat hitu cong va 0,01607% Vi
ton that cong sudt vo cong). Bén canh do, sai sb Vé ning luong tiéu hao trong 24 gio 14 0,0041%.
Két qua tinh toan khing dinh tinh chinh xac va hiéu qua caa phwong phap Newton dura trén phép
tinh Wirtinger.
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Bang 2. So sdanh dién dp nuit theo phwong phdp Wirtinger va Newton-Raphson tgi t = 12

i U (pu) Sai s ) U (pu) Sai 0
Nut — 3 Nut — 3
Wirtinger NR (107%) Wirtinger NR (10°%)
1 1,0500000 1,0500000 0,0000 52 1,0285034 1,0285008 0,2515
2 1,0496740 1,0496740 0,0056 53 1,0284287 1,0284261 0,2515
3 1,0493615 1,0493614 0,0108 54 1,0285619 1,0285593 0,2513
4 1,0490533 1,0490531 0,0158 55 1,0285075 1,0285049 0,2528
5 1,0463665 1,0463659 0,0581 56 1,0284975 1,0284949 0,2528
6 1,0455093 1,0455086 0,0705 57 1,0282391 1,0282364 0,2607
7 1,0446618 1,0446609 0,0823 58 1,0282026 1,0281999 0,2607
8 1,0435547 1,0435537 0,0966 59 1,0270839 1,0270810 0,2769
9 1,0421951 1,0421940 0,1138 60 1,0266556 1,0266527 0,2821
10 1,0397916 1,0397901 0,1441 61 1,0266150 1,0266121 0,2820
11 1,0387501 1,0387485 0,1562 62 1,0265786 1,0265757 0,2820
12 1,0372806 1,0372788 0,1726 63 1,0268193 1,0268164 0,2822
13 1,0362297 1,0362278 0,1814 64 1,0267439 1,0267410 0,2822
14  1,0358133 1,0358114 0,1849 65 1,0266651 1,0266622 0,2821
15 1,0318162 1,0318139 0,2164 66 1,0267530 1,0267501 0,2822
16 1,0309745 1,0309722 0,2222 67 1,0295924 1,0295901 0,2256
17  1,0303812 1,0303789 0,2262 68 1,0292888 1,0292865 0,2254
18  1,0302981 1,0302958 0,2273 69 1,0288514 1,0288491 0,2250
19 1,0293014 1,0292990 0,2417 70 1,0278442 1,0278419 0,2238
20  1,0290507 1,0290481 0,2455 71 1,0269305 1,0269282 0,2229
21 1,0286520 1,0286494 0,2515 72 1,0253401 1,0253378 0,2204
22 1,0285818 1,0285792 0,2527 73 1,0251078 1,0251056 0,2201
23 1,0285198 1,0285172 0,2541 74 1,0250221 1,0250198 0,2200
24 1,0282490 1,0282464 0,2606 75 1,0248718 1,0248695 0,2199
25 1,0282237 1,0282210 0,2614 76 1,0247426 1,0247404 0,2198
26 1,0281320 1,0281293 0,2641 77 1,0245788 1,0245765 0,2197
27  1,0271137 1,0271109 0,2769 78 1,0244795 1,0244772 0,2196
28 1,0270353 1,0270324 0,2782 79 1,0242064 1,0242041 0,2194
29  1,0269471 1,0269442 0,2797 80 1,0268571 1,0268548 0,2230
30 1,0268766 1,0268738 0,2811 81 1,0268355 1,0268332 0,2230
31  1,0268609 1,0268580 0,2815 82 1,0250864 1,0250841 0,2200
32 1,0268765 1,0268736 0,2823 83 1,0248559 1,0248536 0,2199
33  1,0269609 1,0269580 0,2824 84 1,0244215 1,0244193 0,2196
34 1,0463024 1,0463018 0,0598 85 1,0249826 1,0249804 0,2197
35  1,0462925 1,0462919 0,0602 86 1,0248754 1,0248731 0,2195
36  1,0397542 1,0397527 0,1442 87 1,0246689 1,0246666 0,2191
37 1,0397354 1,0397339 0,1441 88 1,0243660 1,0243638 0,2187
38 1,0386493 1,0386477 0,1571 89 1,0241530 1,0241507 0,2199
39 1,0385665 1,0385648 0,1577 90 1,0240716 1,0240693 0,2205
40  1,0371934 1,0371915 0,1740 91 1,0240021 1,0239998 0,2202
41 1,0371747 1,0371729 0,1741 92 1,0239634 1,0239611 0,2201
42  1,0315707 1,0315685 0,2177 93 1,0238988 1,0238965 0,2197
43  1,0314414 1,0314392 0,2184 94 1,0237479 1,0237457 0,2188
44 1,0314066 1,0314044 0,2186 95 1,0243359 1,0243337 0,2184
45  1,0312432 1,0312409 0,2200 96 1,0242752 1,0242729 0,2183
46 1,0312349 1,0312326 0,2200 97 1,0242172 1,0242150 0,2183
47 1,0313068 1,0313046 0,2189 98 1,0241634 1,0241612 0,2182
48  1,0312653 1,0312630 0,2191 99 1,0242962 1,0242940 0,2176
49  1,0309426 1,0309403 0,2223 100 1,0242540 1,0242517 0,2183
50 1,0303679 1,0303656 0,2262 101 1,0239392 1,0239369 0,2230
51  1,0285698 1,0285672 0,2514 102 1,0239386 1,0239363 0,2200
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Bang 3. So sanh thoi gian tinh toan gitra hai phuwong Wirtinger va NR

Wirtinger NR
Thoi gian tinh toan (gidy) 0,3146 4,6315
Bang 4. So sdnh tong céng sudt tiéu hao theo phwong phdp Wirtinger va NR tai gio thir 12
Wirtinger NR Sai 6 (%)
AP (kW) 108,400 108,382 0,01608
AQ (kVAr) 127,167 127,147 0,01607
Bang 5. So sdnh tong néing lwong tiéu hao trong 24h ciia phirong phdp Wirtinger va NR
Wirtinger NR Sai 56 (%)
AA (KWh) 1321,506 1321,451 0,0041

1.050

——Phy tai ZIP - = Phutai cong suat hang

1,048

1,046

Dién ap (pu)

1,044

1.042

1,040

03 6 912151821242730333639424548515457606366697275788184879093 9699102
Nt
Hinh 5. Phdn b6 mé-dun dién dp ciia lwdi dién véi mé hinh tdi cong sudt khong doi
va mé hinh tai ZIP tai gio ther 10

Kich ban 1 sir dung phuong phap dé xuat co xét dén mé hinh tai ZIP. Kich ban 2 sir dung
phuong phap dé xuat véi mé hinh phu tai cong suat khong doi. Hinh 5 minh hoa dién ap cac nit
cua ludi dién tai gio thi 10 caa 2 kich ban. Trong d6, mé-dun dién ap tai cic nut cua kich ban 1
nhé hon md-dun dién ap cua kich ban 2. Trong kich ban 2, dién ap tai tat ca cac nat déu Ién hon 1
pu do d6 cong suét phu tai khi stir dung mé hinh tai ZIP s& Ién hon cong suat phu tai khi sir dung
mo hinh cong suat khong ddi. Piéu nay dan dén ton that dién ap cua kich ban 1 s& I6n hon kich
ban 2. Nhin manh rang, mé hinh phu tai chinh xac (tai ZIP) s& anh hudng dang ké dén thong sé
ché do trong trang thai xac 1ap.

4. Két luan

Bai béo ap dung phuong phap Newton dya trén phép tinh Wirtinger dé xac dinh thong s6 ché
do cua ludi dién & trang thai xac 1ap voi 24 khoang thoi gian cia ludi dién phan phdi co xét mo
hinh tai phu thudc dién ap (md hinh tai ZIP). Phuong phap st dung phép tinh Wirtinger nay ¢6
cac bién sb va phuong trinh duoc biéu dién trong mién phuc va tat ca cac dao ham 1a dao ham
Wirtinger. Xuat tuyén 374 luégi dién huyén Luc Ngan, tinh Bic Giang duoc sir dung dé thyuc hién
tinh toan ché do xac 1ap cua ludi dién. Cac két qua tinh toan ché do xac 1ap cua phuong phap
Wirtinger va phuong phap NR truyén théng c6 chénh léch khong dang ké. Hon nita, v&i phuong
phap Wirtinger, cac phan tir trong ma tran Jacobi duoc biéu dién gon gang bang toan tir méi duoc
goi 1a dao ham Wirtinger. Ma tran Jacobi gon gang dan dén thoi gian tinh toan nhanh. Bén canh
do, két qua tinh toan cho théy ré‘mg mo hinh tai ZIP ¢6 tac dong dén dién ap tai cac ntt; vi vdy mo
hinh tai ZIP cin phai dugc xét dén khi tinh toan cac thong sé ché d6 cua ludi dién phan phéi 4]
trang thai xac lap. Phép tinh Wirtinger c6 the m& rong sang cac linh vuc toi wu trong hé thong
dién. Phép tinh Wirtinger c6 tiém nang trién khai vao cac bai toan: phan bd tdi wu cong suat va
phan tich én dinh hé thong dién.
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