Tap chi Phdt trién Khoa hoc va Céng nghé - Ki thudt va Céng nghé, 4(2):806-834

Open Access Full Text Article

Bai nghién ciiu

Phuong phap phén tich ngan mach cai tién dua vao viéc xac dinh

ngudng dao déng dién ap nut trén lugi dién phan phéi cé tich hop
nguon phén tan

Bui Minh Duong’, Lé Duy Phuc?3*,

Use your smartphone to scan this
QR code and download this article

"B mon Dién va Ky thudt mdy tinh,
Khoa Ky thudt, Truong Dai hoc Viét
Dilc, Binh Duong

*T6ng Cong ty Dign lyc Tp.HCM, Ho
Chi Minh

*Vign Ky thudt, Trudng Dai hoc Cong
nghé Tp.HCM, Ho Chi Minh

Lién hé

Lé Duy Phiic, T6ng Cong ty Bién luc
Tp.HCM, H6 Chi Minh

Vién Ky thuat, Truong Bai hoc Cong nghé
Tp.HCM, HE Chi Minh

Email: phucld@hcmpc.com.vn

Lich st

® Ngay nhan: 12-9-2020

© Ngay chép nhan: 29-3-2021
® Ngay dang: 16-4-2021

DOI : 10.32508/stdjet.v4i2.766

M) Check for updates

Ban quyén
© DHQG Tp.HCM. Dy la bai bdo cong bé

ma dugc phat hanh theo cac diéu khodn cua

the Creative Commons Attribution 4.0
International license.

A

—
VNU-HCM Press

DPoan Ngoc Minh2, Nguyén Thanh Phuong?

TOM TAT

Viéc tich hop cac ngudn dién phan tan (DG-Distributed Generators) vao lusi dién phan phéi (LDPP)
c6 thé anh hudng dén su hoat dong tin cdy va tinh 6n dinh clia cac hé théng bao vé. Tuy thudc
vao cac loai nguén DG, vi tri 1dp dat va trang théi van hanh, cac dong dién ngén mach trén LDPP cé
thé dugc thay déi gia tri dang ké lam anh hudng dén su hoat dong ding dan clia cac thiét bi bao
vé (TBBV) khac nhau. Cac phuong phap phan tich ngdn mach truyén théng chua xem xét dén su
xudt hién cing nhu ddc tinh van hanh ctia nguon dién DG, cing nhu la su thay d&i vé hudng céng
sudt va dién ap tai cac nut trén LBPP. Do do, viéc cditién phuong phép phan tich ngan mach truyén
théng 1a can thiét, dé co thé xac dinh cac dong dién su ¢ trén LBPP mat cach nhanh chéng, chinh
xac va tu dong. Tu do, nghién ciu nay gidi thiéu mot phuong phap phan tich ngdn mach dua vao
viéc xac dinh nguéng dao dong dién dp nut thdng qua viéc xac dinh khoang tin cay ctia cong suat
phu tai (Load Power Confidence Interval — LPCl). Cu thé, ngudng dao déng clia phu téi sé 1a co s&
dé tinh todn ngudng dao ddng cua dién &p tai cac nut va khoang gid tri dong dién ngdn mach
trén LDPP ¢ cac ngudn DG. Nha vao viéc st dung cong cu LPCI dugc phét trién va cong cu E-terra
Distribution, cac két qua mé phong dat dugc da chiing minh su hiéu qua clia phuong phéap phan
tich ngédn mach dugc cai tién dua trén viéc xac dinh nguéng dao dong dién ap nut trén LDPP cé
xem xét dén cac loai, vi tri 1dp dat va trang théi van hanh ctia nhimg nguén DG.

Tu khoa: Nguoén dién phan tan, lusi dién phan phdi, dién ap nut, du bao phu tai, va phan tich

ngan mach

GIGI THIEU

Su tich hgp clia cic ngudn dién phan tin (DG-
Distributed Generators) vao luéi dién phan phoéi
(LDPP) c6 thé anh huéng dén d¢ tin cdy va tinh 6n
dinh ctia cac hé thong bao vé. Khi miic d6 thdm nhép
ctia cdc ngudn dién DG vao LDPP dat dén mot muic
d6 nhét dinh thi viéc kiém soat gia tri dién ap nit va
dong dién ngin mach tré nén kho khin hon, bdi vi sy
hoat dong khong lién tuc ctia céc ngudén DG (ching
han nhu cac nguén phat dién st dung nang lugng mét
troi va nang lugng gid) cé thé gy ra hién tugng dao
dong dién ap nut va lam thay déi dang ké gid tri dong
dién su 6 trén luéi. Khong chi thé, cic nguén DG
dugc 1ap dat tai nhiéu vi tri khac nhau trén LDPP véi
trang thdi vAn hanh luén thay d6i ciing da 1am anh
huéng déng k€ dén gid tri va hudng ctia dong dién
ngin mach. Piéu nay c6 thé lam giam d¢ tin ciy ctia
hé thdng béo vé trén LDPP méi khi cdu truc cta ludi
dién thay d6i. Theo do, tinh phdi hgp hoat dong gitia
nhiing thiét bi bdo vé (TBBV) khong con duge dam
bao va c6 thé dan dén nhiing vin dé nghiém trong
nhu tdc dong nhim, tdc ddng vugt cip, hodc tic dong

dong thoi. Chinh vi vay, viéc xac dinh ngudng dao
dong ctia dién ap nut trén LDPP 1a can thiét nham ho
trg hiéu qué cho viéc phan tich trao luu cong sudt va
phén tich ngan mach. Cac tic gia sé tip trung vao
viéc phét trién mot phuong phdp xac dinh ngudng
dao dong ctia phu tdi d€ 1am co s¢ xac dinh ngudng
dong dién trén cdc nhanh trudc khi xdc dinh ngudng
dién 4p nut, nham cai tién lai cdc phuong phap phan
tich ngdn mach truyén théng d€ c6 thé ép dung hiéu
qué cho LDPP ¢6 su tich hgp clia cac nguon dién phin
tan khac nhau.

Ngudn phat dién phan tan c6 hai dic tinh van hanh
chinh la peer-to-peer (P2P) va plug-and-play (P&P),
theo nhiing nghién ctiu ctia Nikkhajoei H et al. (2006-
2007) 12, Pic tinh van hanh P2P thé hién rdng cac
nguén DG cé thé két néi lién tuc hodc ngat két ndi
v6i ludi tuy vao thoi diém vén hanh; trong khi do,
dac tinh P&P cho thdy cac ngudén DG c6 thé dugc b
tri & bat ky vi tri nao trén LDPP ma khong lam anh
hudng dén trang théi hoat dong ctia hé thong. Luuy
rdng, ddc tinh P2P anh hudng dén gia tri d6 16n caa
dong dién ngidn mach va c6 thé dan dén hién tugng

Trich dan bai bao nay: Duang B M, Phuic L D, Minh D N, Phuong N T. Phuong phap phan tich ngdn mach
cdi tién dua vao viéc xac dinh nguéng dao ddong dién ap nut trén luGi dién phan phdi cé tich hgp
nguén phan tan. Sci. Tech. Dev. J. - Eng. Tech.; 4(2):806-834.
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mu bdo vé hodc tic dong doéng thoi d6i véi cac TBBV
qué dong theo téc gia Firouz Y. et al. (2014)3. Nguén
dién chida phén ti quay (RBDG-Rotating-based Dis-
tributed Generator), ching han nhu mdy phét dién
diesel, c6 thé tao ra dong dién ngin mach du lén,
vi vdy cac TBBV quéd dong ngay lap tlic dugc kich
hoat va tac dong d€ bao vé LDPP. Mit khac, ngudn
dién giao tiép véi ludi bsi bo chuyén d6i cong suit
(IBDG-Inverter-based Distributed Generator) c6 thé
dugc tich hgp thém cac chic ning vugt qua dién ap
thép (LVRT-Low Voltage Ride Through) hodc b han
dong dién ngdn mach (FCL-Fault Current Limiter) dé
lam gidm sy dnh hudng cta dong dién ngdn mach
1én bo giao tiép dién tu cong suidt cling nhu dén hé
thong bao vé hién hiiu trén LDPP truyén théng. Theo
d6, dong dién ngin mach do cdc ngu6én IBDG bom
vao LDPP thuong c6 gia tri bién do nho va giy ra
nhiing khoé khén nhit dinh cho cdc TBBV trong viéc
phén biét hién tugng qua tai va sy c6 ngan mach,
theo Sortomme E., Bui D.M. et al. (2008, 2017)*°.
Nghién ctiu ctia tac gid Bui D.M. (2017) 5 & cap dén
mot phuong phdp tinh todn ngan mach don gian va
tu dong phuc vu cho hé théng bao vé ctia microgrid
(MG) trong ché d6 van hanh néi lugi. Cu thé, tic
gid da dé€ xuit nhiing phuong trinh tinh todn dé xdc
dinh gia tri dong dién ngdn mach gop tit cdc ngudn
IBDG va RBDG m¢t cach hiéu qua va nhanh chéng.
Tuy nhién, gid tri dién ap phuc vu viéc phén tich ngin
mach dugc téc gia gid dinh bang véi gid tri dién 4p
danh dinh, vén chi phtt hgp v6i MG hoat dong & cdp
dién 4p ha ap. Trong khi d6, su dao dong cua cac
ngudn DG khac nhau va cac loai phu tai trén LDPP
c6 thé din dén sy thay d6i vé bién d¢ dao dong cua
gid tri dién 4p tai cac nut. Nghién ctu ctia Ou T.C.
(2012)® trinh bay mot phuong phap phén tich ngin
mach cho nhiing dang su c6 bat déi xting dua trén
hai ma tran thé hién tinh chat két néi ctia luéi dién
MG, nham xdc dinh tryc tiép dong dién ngin mach
chay trén nhanh va dién 4p sy ¢4 tai cdc nit, c6 xem
xét dén su hién dién clia nguén dién DG trong hai
ché d6 van hanh néi luéi va doc 1ap. Nghién cttu ctia
Wang Q. etal. (2015)7 chitap trung vao viéc phan tich
dong ngdn mach ctia nguén IBDG & ché do diéu khién
vugt qua ngudng dién 4p thap-LVRT khi vin hanh
ndi ludi. Nghién ctiu ctia Mathur A. et al. (2017)8
da dé cap dén viéc mod hinh hoa LDPP c6 tich hop
ngudn IBDG béng md hinh ZIP khi hoat dong cép
ngudn cho ca hai loai phu tai dién gom tai khong déi
va tai phu thu¢c vao dién ap. Bén canh d6, nghién ctiu
ctia Tu V.D., Boutsika T. N. et al. (2008, 2013) %10
da phan tich dong hoc cic nguén IBDG trong qua
trinh xdy ra su ¢6 nham dé xudt mét mo hinh phan
tich ngdn mach tu thich nghi dya trén ky thuat tinh
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todn Newton-Raphson d€ ma tim ra gid tri tinh todn
ngin mach cho LDPP ¢4 tich hop cac nguon IBDG.
C6 thé thay rang, d€ phan tich ngdn mach trén LDPP
c6 tich hgp cac nguén DG khac nhau, viéc xem xét
dén nhiing dic tinh vin hanh cta phuy tai va cic phan
tt ngudn la cdn thiét nham cai thién do chinh xac
ctia két qua phan tich ngan mach truyén théng. Dong
dién ngan mach téng dugc nhiing TBBV qua dong ghi
nhan trén LDPP ¢6 tich hgp nguén DG sé bao gom
hai thanh phan la: i) dong dién ngdn mach xuét phét
ti cac ngudn phat dién truyén thong va ii) dong dién
tham gia vao su c6 dugc sinh ra tii cdc nguén DG khac
nhau. Hon nita, 3 ma phén tich ngdn mach hiéu qua,
nhanh va ty dong, cac dong dién ngidn mach tham gia
vao sy ¢ boi sy hién dién ctia cac nguén DG cin dugc
tinh toan ting v6i nhiéu dang su c6 khac nhau, vi du
nhu sy ¢6 mdt pha cham dat, hai pha cham dat, pha
cham pha va su ¢8 ba pha) cho tiing vi tri cu thé trén
LDPP.

Viéc tinh todn gid tri dong dién ngan mach cho LDPP
¢6 tich hgp nguén DG c6 thé dugc thuc hién dya vao
i) ma tran dong dién nhanh (branch currents matrix);
ii) ma trin dién 4p nut (bus voltages matrix) va iii)
ma tran tdng dan (admittance matrix). Cu thé, ma
tran dong dién ngdn mach tuong tGing véi tiing dang
s ¢6 ¢6 thé dugc xac dinh béng cich nhin ma tran
tong dan v6i ma trén dién 4p nut. Trong khi ma tran
téng dan nut dugc suy ra tit ma tran tong trd ting véi
mod hinh duong day, mé hinh may bién 4p va mo hinh
phu tai, thi cdc gid tri dién ap nut c6 thé dugc gia st
bing véi gid tri danh dinh hodc thong qua két qua
phan tich trao luu cong sudt theo chu ky dinh trudc
hodc dya vao nguong dao dong dién ap nat nhu dugc
xac dinh trong bai bao nay. Thét vdy, qua trinh tinh
toan trao luu cong sudt c6 thé phuc vu cho viée xac
dinh ngudng dao dong ctia dién ap nit va dong dién
ngan mach dugc quan sat boi cic TBBV qué dong trén
LDPP. Trong nghién ctiu nay, cac tac gia trudc tién
giGi thiéu phuong phéap xac dinh ngudng dao dong
ctia phu tai (goi tat la phuong phap LPCI), sau do
xac dinh ngudng dao dong ctia cac dong dién nhanh
(branch currents) do6i véi cac tuyén day xudt phat ti
céc tram bién ap chinh trén LDPP c6 tich hgp nguén
DG. Luuy ring, déting cudng tinh 8n dinh dién ap tai
cac nut ¢6 chita ngudn DG, cac hé thong luu trii ning
lugng dé nghi dugc st dung. Tiép theo, thong qua
viéc phan tich trao Iuu cong suét, ngudng dao dong
ctia dién 4p tai cdc nut sé dugc tinh toan trudc khi
xéc dinh nguéng dao dong ctia dong dién ngan mach
tuong Ung véi tling dang su cd.

Trong nghién ctiu nay, moét bo dii liéu phu tai qua khu
ctia mot tuyén day dau nguon thuc té dugc cic tac gia
sti dung d€ kiém chiing sy hiéu qua ctia phuong phéap
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LPCI va phuong phép phén tich ngdn mach dugc cai
tién. Mit khac, cdc hé s6 anh hudng cua dong dién
ngdn mach ng véi tiing cdu trac ctia LDPP ¢6 tich
hgp DG sé dugc tinh todn va luu trii trong hé thdng
quan ly thoi gian thuc (Real-time Manangement Sys-
tem — RTMS) mdi khi LDPP thay d6i cdu tric hodc
khi 6 su thay d6i vé s lugng ngudn lusi/DG trén
LDPP. BS cuc ctia bai bdo nay dugc t6 chiic nhu sau:
Phdn Gidi thiéu trinh bay t6ng quan vé cic nghién
ctu trudc day va su can thiét ctia vdn dé nghién ctu
cai tién lai cac phuong phdp phéin tich ngin mach
truyén théng dé€ c6 thé dp dung hiéu qua cho LDPP
c6 sy tich hgp clia cac ngudn dién phan tan khac
nhau. Phdn Phuong phdp phdn tich ngin mach cdi
tién cho ldpp cé tich hgp cdc nguén DG miéu ta
chi tiét phuong phap LPCI d€ xac dinh ngudng dao
dong cua phu tai, dong dién nhanh, va dién ap trén
cac tuyén day dau nguodn trudc khi dé cip dén viéc
cdi tién phuong phap phén tich ngan mach danh cho
LDPP c6 tich hgp cdc nguoén DG khac nhau. Trong
Phdn Két qud mé phéng va thdo ludn vé phuong phdp
phén tich ngdn mach dé xudt, tic gia trinh bay cu
thé cac két qua mod phong dua vao phuong phép phan
tich ngdn mach cai tién da dugc dé xuét. Cudi cung,
nhiing thio luan, nhan dinh va két luin cta cic tac
gid dugc trinh bay tai Phdn Két lugn.

PHUONG PHAP PHAN TiCH NGAN

MACH CAI TIEN CHO LDPP CO TiCH
HQP CACNGUON DG

Trong phén nay, nhém tac gia sé trinh bay mot
phuong phap xac dinh ngudng dao dong cta dién ap
nuat dya trén ngudng dao dong ctia phu tai. Sau do,
khoang tin cdy cta cac dién dp nut sé dugc st dung
cho viéc phan tich ngdn mach dugc cai tién cho LDPP
c6 tich hgp cdc nguén DG. Tong dong dién ngén mach
dugc quan sat bdi cac thiét bi bdo vé trén LDPP bao
goém i) gid tri dong dién ngan mach déng gop tii ngudn
ludi, I, g va ii) gid tri dong dién ngan mach tit cac
ngudn DG khac nhau, I, _pg, dén cac TBBV. trinh
bay téng quan vé phuong phép phan tich ngan mach
cai tién cho LDPP ¢ tich hgp DG.

Xac dinh nguéng dao dong tin cay cha phu
tai trén LDPP ¢6 tich hop nguén DG

bé xdc dinh dung dan khoang tin cy cta phu tai trén
LDPP c6 tich hgp ngudn DG, tac gia da d€ xudt mot
phuong phép loai bo dii liéu nhiéu nhu cho biét trong
Phén Phuong phap loai bo dii liéu nhiéu d€ xac dinh
ngudng dao dong cua phu tii tuyén day. Sau dé, cac
tac gia st dung cac md hinh du bao SVM, LSTM-
RNN va ANN dé tim khoéng tin cdy ctia phu tai, dugc

trinh bay trong Phin Cdc mé hinh SVM, LSTM-RNN
va ANN dugc st dung dé xdc dinh ngudng dao dong
ctia phy tdi. Viéc st dung ba m6 hinh du bdo nay la
dé dam bao ring tit ca cac dit liéu phu tai c6 thé dugc
dy bao dung din tuong Ging v6i cdc mo hinh dy béo
khéc nhau. Tuy thudc vao dac diém ctia cac phu tai,
mot trong ba mo hinh SVM, LSTM-RNN va ANN sé
dugc dp dung thich hgp nhim dat dugc két qua du
bdo t6i vu hon.

Phuong phdp loai bé dir liéu nhiéu dé xdc
dinh nguéng dao déng cia phu tdi tuyén ddy
Theo cac nghién ctiu cia Duong Minh Bui va Phuc
Duy Le et al.  (2020) 11-13 "m3c du bé dit liéu phy
tai dugc thu thap bang hé théng quan ly thoi gian
thuc (RTMS-Real-time Management System) c6 do
chinh xdc cao, nhung van chtta kha nhiéu di liéu gay
nhiéu ngiu nhién do cdc nguyén nhén goém: i) dic
tinh van hanh ngiu nhién cta phu tai, i) su dao dong
ctia nguon ludi hodc ctia cac ngudn DG, iii) khi LDPP
xdy ra mat dién do sy c8; iv) ké hoach bao tri dinh ky;
v) déng/cat tu bi; hodc vi) do dudng truyén két ndi
khong 6n dinh. Do d6, d6 tin cay cta bo di liéu phu
tai thudng khoé c6 thé dat miic do tin ciy cao nhit 1a
100%. DE giai quyét vin dé nay, phuong phép loai bo
dit liéu gy nhiéu do cic téc gia phét trién sé chira do
tin cay pht hgp nhat d6i véi tiing bo dii liéu phu tai,
sau khi da kiém tra & nhiéu muic d¢ tin cay khac nhau.
Cu thé hon, phuong phép nay sé dua trén két qua tinh
todn MAPE c6 sai s6 nhd nhat dya trén ba mo6 hinh
du bdo ANN, LSTM-RNN va SVM, nhu dugc trinh
bay trong cong thuic (1) dé tim ra muc d9 tin ciy phu
hop nhat v6i bo dii liéu dugc phan tich. Viéc st dung
cdc m6 hinh dy bdo ANN, LSTM va SVM la dé kiém
tra xem mo hinh du bdo dva vao chudi di liéu theo
thoi gian (time-series based forecasting model) hodc
mo hinh du bdo dua vao hoc mdy (machine learning
based forecasting model) sé phtt hgp hon dé xdc dinh
khodng tin ciy cta phu tai trén lué6i dién phéan phéi.
Cong thic tinh todn chi s6 MAPE dugc thé hién nhu
sau:

A —F

1
MAPE (A, F;) = =YN N
t

N t=1 (1)

Trong do, A; 14 gia tri phu tai thyc t€ trén LDPP tai
thoi diém ¢, F; 13 gia tri phu tai du bdo tai thoi diém
t thu dugc tii viéc 4p dung ba moé hinh du bdo ANN,
LSTM-RNN va SVM khdc nhau, va N 14 tdng s6 di
liéu dugc 1dy mau dé tinh toan MAPE.

Do tin cay ctia bo dit liéu phu tai dugc gid dinh 1a 16n
hon 90% bai vi dii liéu thu thap ti hé thong SCADA
héu hét c¢6 d6 chinh xac tuong d6i cao. Theo d6, day
gid tri muc d¢ tin cdy c6 thé thiét 14p thanh mudi ba
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P
((BATPAU )

X4ac dinh gia tri t&i thiéu va t6i da cua khoang gia tri tin iy phu tai

trén tuyén diy duge phin tich

Dua vao gia tri dién ap nut danh dinh, xac dinh khoang gia tri tin cay
clia dong dién tai trén tuyén diy

Tinh toan phin bd cong suit dira trén phwong phap bom déng dién
vao mit (current injecti on based power flow analysis) dé tim khoang
gi tri tin cdy dién 4p tai cic mit ¢ tich hop thiét bi bio vé

v

Phén tich ngin mach dé xac dinh khoang tin cdy cua dong ngin
mach trong cac truomg hop sw co khac nhau trén LDPP

(KET THUC)

Hinh 1: S d6 téng quan cho biét phucong phéap phan tich ngdn mach cai tién d6i véi LDPP c6 tich hgp nguén DG.

muc d6 khdc nhau, trong khoang tit 90% dén 99%,
4,5-sigma (~ 99,73%), 5,5-sigma (~ 99,9937%) va 6-
sigma (~ 99,99966%). Viéc Iya chon mtc d¢ tin cay
hiéu qua nhat cua bd di liéu phu tai dya trén két
qua MAPE thdp nhét cia ba m6 hinh du bao ANN,
LSTM-RNN va SVM. Gidi thuat ctia phuong phép loc
dit liéu cua phu tai do nhom tac gia phat trién duge
thé hién trong Hinh 2, bao gém nhiing budgc sau:

o Budc 1 - Nhiép dii liéu phu tai qua khu tai nat
c6 cac TBBV va tién hanh quan st d6 léch ctia
dit liéu dé€ xac dinh ngudn dii liéu gay nhiéu;

o Budc 2 - Tinh todn ham mat d6 xac suit (PDF-
Probability Density Function) ctia by di liéu
phu tai va kiém tra tinh tuong dong vé dang truc
quan cta ham phéan phéi chuén;

o Budc 3 - Néu bo dii liéu phu tai da cé dang truc
quan ctia ham phan phéi chuén thi tiép tuc tim
kiém mtic d¢ tin cdy pht hgp théng qua ba mo
hinh dy bdo ANN, LSTM-RNN va SVM, va sau
d6 Iya chon mtic d¢ tin cdy cho két qua tinh toan
sai s6 MAPE thdp nhit;

o Budc 4 - Nguogc lai, néu bo dii liéu phu tai chua
c6 dang tryc quan ctia ham phén phéi chuidn
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thi 4p dung phuong phap so léch (diferencing
method) d€loai bo tinh xu hudng ctia bo dit liéu
phu tai, bing cach xay dung chudi so 1éch dit liéu
phu tai trén co s& ngay ti€p theo, va tinh todn lai
mét do phan bo xac suit;

o Budc 5 - Lua chon d9 tin cy tot nhat ctia bo
dii liéu ddu vao thong qua két qua sai s6 MAPE
thdp nhét ti ba m6 hinh ANN, LSTM-RNN va
SVM khéc nhau;

o Budc 6 - Chay ba m6 hinh du bdo phu tai dién
stt dung ANN, LSTM-RNN va SVM tii bo di
liéu phu tai dién da dugc loc dya trén chi s6 do
tin cdy t6t nhat da dugc lua chon trong Budc 5;

o Budc 7 - Chon két qua du bdo phu tai dién cé
gid tri MAPE thép nhét va xdc dinh khodng gid
tri [Proad_min> Pload _max] 6 cdc nit co cic thiét
bi bao vé trén LDPP. Céc gia tri phu tai t6i da
va gid tri phu tai tdi thiéu Ging vdi tiing nut trén
LDPP duogc xac dinh nhu sau:

Pload_max =up+ %GP va Pload_min = Up — %GP-
Trong do, hé s6 Z dugc xac dinh tit bang phan phéi
chuén tuong ting véi muic do tin cay tot nhit; up la
gid tri trung binh phu tai dién tit két qua du bdo; n
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14 s6 lugng dii liéu quan sat va o p 1a do 1éch chuén
cta bd di liéu phu tai dugc phéan tich. Dva trén
khoang gia tri tin c&y [Pjoqq_min> Pload_max] G cac nit
c6 cac TBBV di dugc xac dinh, tdc gia sé tiép tuc xac
dinh khoang tin cay ctia dong dién phu tai [I1,4q_min»
Lioad_max] Ung véi tiing ndat nhdm phuc vu cho viéc
phén tich ngdn mach dugc trinh bay trong Phan 2.3.

I _ Pload?min
load_min — %
nom (2)
I _ Yload_max
load_max — v
nom

Trong d6, Viom 12 gid tri dién ép nat danh dinh trén
LDPP.

Cdc mé hinh SVM, LSTM-RNN va ANN duoc sir
dung dé xdc dinh nguéng dao déng cia phu
tai

Trong nghién ctiu nay, cdc tac gia tip trung st dung
ba mo hinh du bao, gom ANN (Artificial Neural Net-
works), SVM (Support Vector Machine) va moé hinh
LSTM-RNN (Long Short-Term Memory — Recurrent
Neural Network) dé phét trién phuong phép xdc dinh
LPCI, nhdm phuc vu cho viéc phan tich ngdn mach
cai tién trén LDPP c6 tich hgp cac ngudn DG. Theo
do, co s6 ly thuyét clia cac mo hinh duy béo néu trén
sé dugc dé cap trong muc nay.

Mo hinh dy bdo SVM

Bat ddu vé6i bo dit liéu dung cho huln luyén {(x1,y1),
(%2,2)5es (Xn>yn)} C RyXR V6i x,, vecto ddu vao, y,
12 nhan phan 16p ctia diém di liéu x,, va n1a s6 lugng
mau trong bo dii liéu hudn luyén. D€ quan Iy rai ro khi
x4c dinh gid tri sai s6 thuc nghiém t6i thiéu, phuong
phap SVM sti dung cu tric SRM (Structured Reduc-
tion Management) dugc mo ta trong cong thic (4),
theo nghién ctiu cia Zhang M.-G (2005) 14,

) =(@,0(x)+b 3

1 2
R:C~Remp+§ Ha)H

" (4)
=Y L)+ Lol
i=1
L(yi,foc))—{ b ©®

Trong cong thiic (3), ® 1a trong s6 xti ly dd min, (,) dai
dién cho mdi quan gitia cac @ va ¢(x), va b tham s6 do
léch. ¢ (x) 1a khong gian dic tinh da chiéu, phi tuyén
va dugc anh xa tit khong gian dau vao x. Ham rti ro
dugc bi€u dién nhu cong thiic (4) va gid tri rai ro thuc
nghiém dugc dinh nghia bang thuat ngi R, hodc
trong ham suy hao Vapnik, Y. Bengio et al. (2013)!°.

Cong thiic (5) dugc st dung d€ uGc lugng gid tri riiro
thuc nghiém L dya trén mic sai s6 cho phép €. Hing
s6 C dugc xdc dinh dya vao viéc udc lugng do phic
tap va d¢ phdng ctia ham rti ro. Theo d6, hing s6 C
dugc xem 1a mot hé s6 tham chiéu dé thé hién méi lién
hé gitia gia tri rai ro thuc nghiém va gid tri u6c lugng
trén ly thuyét. Ca hing s6 C va miic sai s6 cho phép
€ déu la tham s6 tuy bién theo kinh nghiém. Dya vao
cong thiic (4) va cong thiic (5), ta ¢6 thé bién d6i cong
thiic (3) thanh:

flx)=Y"r, (aifa;‘)K(x,-,xj)+b (6)

Trong d6, K(x;,x;) la ham kernel dugc xac dinh bang
tich vo hudng (¢ (x;), ¢ (x;)) ctia hai vecto khong gian
ddc tinh da chiéu ¢ (x;) va ¢(x;). Viéc st dung ham
kernel nham muc dich xt Iy hiéu qua tiing chiéu cta
vung khong gian déc tinh da chiéu ¢ (x). Trong nhiing
ham kernel da dugc phat trién & nhiéu cong trinh
nghién ctiu trudc day, ham RBF (Radial Basic Func-
tion) dugc stt dung rong rai vi kha nang xu ly hiéu
qua cac di liéu ngd vao/ngd ra c6 moi quan hé phi
tuyén, W.-C. Hong (2009)1°. Do d6, nghién ctiu nay
stt dung ham kernel RBF trong m6 hinh du bao SVM,
thé hién tai cong thiic (7). Can luu y ring, tham s6
6 trong ham kernel RBF dugc xdc dinh bang ciu truc
ctia khong gian dic tinh da chiéu ¢ (x).

2
K(xi,xj) =exp (W) (7)

M6 hinh dy bdo LSTM-RNN

Ky thuét du bao stt dung m6 hinh LSTM-RNN la mét
trong nhiing ky thuét dugc stt dung phd bién trong
linh vuc du bao phu tai hién nay, R. Dobbe, Y. Ben-
gio et al. (1994, 2020) 1718, Phuong phap du bao nay
dugc thuc hién biang cdch xép chong nhiéu 16p mang
no-ron dya trén viéc t6i iu héa ngdu nhién. Kha ning
huén luyén va hiéu suit cia m6 hinh LSTM-RNN c¢é
thé dugc cii thién bing cach thay ddi sd 16p mang
no-ron v6i muc do téng quit hoa khac nhau. Nhiing
mang no-ron hoi quy (Recurrent Neural Network -
RNN) vé co ban khéc vdi mang no-ron truyén thing
thong thuong (Feedforward Neural Network - FNN)
do dugc hinh thanh theo trinh tu tuong quan gitia 16p
mang nd-ron cua trang thai hién tai véi thong tin ngd
ra cua 16p mang no-ron trudc d6. Tuy nhién, viéc
stt dung mang no-ron RNN ¢6 thé gap mot s6 kho
khan trong viéc hudn luyén cho céc yéu t6 tac dong
dai han do hién tugng suy gidm hodc buing phat cac
hé s6 mang tinh xu huéng. Chinh vi viy, mé6 hinh
LSTM dugc st dung d€ khic phuc khé khin nay. Tai
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G-=
\-_.._
! a
_ Phin tich ham mét d§ xdc suit .-fﬁ{aﬂg B
Nhap dirliéu phu tai dién quakhir Pleas ¥ (probability density function) doi véi dit ——< Z i S
i éu phy tai dién c6 dirge i phti i)
g
Chay ba mé hinh dw bao phu tai dién st Luwa chon dé tin cay tot nhat cia bo dir
dung ANN, L STM-RNN va SVM tir bd| lién théng qua két qua sai s MAPE thap o
di lién phu tai da diroc loc dhra trén chi| - nhét tir ba mé hinh ANN, LSTM-RNNva |
s6 db tin cay tét nhét da diroc hrachon. SVM. |
Xéc dinh ngwéng chan dwdi va chin trén
cia khoang gia tri tin cay phu tai dién. Ap dung phwong phép so 1&ch
(diferencing method) déloai bo tinh xu Khéne
+ hwdng aia bd dirliéu phu tai dién, vatinh |
Nac dinh ngwong chan dwdi va chan trén todn lai PDF. |
cua khoang gia tri tin cay dong dién phu
tai dua trén dién 4p danh dinh ‘

Y
(Kéthic )

Hinh 2: Giai thuat xac dinh LPCl va dong dién phu tai trén tuyén day ctia LDPP c6 tich hgp cac ngudn DG

nghién citu nay, cdc tac gia st dung m6 hinh LSTM-
RNN dugc x4y dung bang nhiéu ham kernel nhim
quan ly t6t hon cic yéu t8 tic dong trong dai han, c6
thé hoat dong song song va luu tri thong tin trong ca
thoi diém ngdn han va dai han. Hinh 3 va Hinh 4 14n
lugt thé hién mang RNN va céu tric cta cic té bao
LSTM trong mang RNN.

Dbéhuén luyén mot mang no-ron cho mé hinh dy bao
LSTM-RNN véi mot 16p don gian, ta can phai mo ta
tham s ctia ng6 ra l6p mang no-ron &n h; C R,. D6
la mot vecto n-chiéu va dong thoi ciing 1a trang théi
ngan nhé ¢;. Thong thuodng, cc gia tri ban diu cta
nhiing tham s6 nay dugc chon ¢ muc khong (h;=0
va ¢;=0). Ba ham sigmoid trong kh6i LSTM-RNN c6
pham vi ng6 ra tii 0 dén 1, nham quyét dinh tin hiéu
ndo sé dugc lya chon dén ngd ra. Quad trinh nay dugc
ldp lai cho budc ti€p theo. Tit ca cdc trong s6 va do
1éch dugc hudn luyén véi ham muc tiéu chinh la gidm
thiéu d¢ 1éch gitia cac ngd ra cta khéi LSTM va céc
mau hufin luyén thuc t&. Xt ly mot cach tudn ty, thong
tin ctia budc thai gian hién tai dugc luu trii va duy tri
dé tham khao tai ngd ra cia mo hinh LSTM-RNN &
cac budc thai gian tiép theo.

M6 hinh dy bdo ANN

C4u trac co ban ctia moé hinh ANN, con dugc goi la
mang nd-ron c6 két ndi ddy du, dugc thé hién trong
Hinh 5, bao gom: i) mét 16p dit liéu dau vao c6 kich
thudc phtt hgp dén bo dii liéu phu tai dién, i) hai 16p
dn vdi 100 diém no-ron cho mdi 16p, va iii) mot 16p
di liéu dau ra co kich thudc tuong ting véi 16p di
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liéu dau vao. Theo ciu tric cia md hinh ANN, mot
vector ngo ra cua két qua dat dugc dua trén cac mo
hinh d4u vao (input patterns) cting véi cac gid tri muc
tiéu (targeted values) trong mo hinh mang. Mot cach
tong quit, trong s6 mang w;; trong lién két gitta moi
cdp nit mang dugc cip nhit theo sy sai khdc gitia gia
tri cdc ngd ra dugc tao ra véi gia tri ngd ra muc tiéu,
nhdm muc dich 1am gidm sai s6 cta két qua ngd ra.
Sai s6 ng6 ra dugc tinh theo chi s6 sai s6 tuyét doi
trung binh (MAE-Mean Absolute Error), nhu trong
phuong trinh (8):

~ 1 ~
MAE (y:,31) = N):ﬁvzl [v: — ] (8)

Trong do, y 1a gid tri thuc t€ tai thdi gian ¢, y; 1a gid
tri dugc du béo & thoi gian ¢, va N 13 téng 8 cac diém
1&y mau khi tinh todn chi s6 MAE.

Céc 16i 6 16p dau ra dugce truyén ngugc lai qua tét ca
cac16p 4n dén 16p dau vao bang cach ldy dao ham caa
cac trong s6 dua trén trang thai no-ron ctia ching va
ham t6n thét, lason-Ioannis C., A. Elvers, M.T.Hagan,
J.PS. Cataldo ef al. (1994, 2011, 2018-2019) '9-22,
Ham kich hoat (activation function) dugc st dung sau
moilép laham ReLU (Rectifier Linear Unit) danh cho
cdc16p 4n va ham PL (Pure Linear) danh cho 16p ngo
ra, nhu cho biét trong phuong trinh (9) va (10).

R(Z) = max(0,7') ©)

P(z)=z (10)

Trong dé, z1a dit liéu ngo vao c6 trong s6 do6i véi 16p
ngo ra; P(z) la ham transfer PL ctia 16p ngo ra; 2’ 1a di
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Hinh 3: Mang RNN va mé hinh tuong duong

Curput
PN o I -
[ Cea - X o T 2 G
Cell stale x tanh MNext cell state
I i !
i O (e} tanh g — X
t t t t
+ + + +

@ o [|o |

7; hy

Hidden state o
X,

Tnput

Inputs: Outputs:

)(‘t | Current input Ct ) New updated

S memuory
{ 1 Memory [rom s
Cet last LSTM unit hy | Current output
'h ', Output of last
" tL) LSTM unit

Next hidden state

Nonlinearities: Vector operations:
i . Scaling of
O  Sigmoid layer x information
Acdi
tanh Tanh layer -+ i)

information

b  Bias

Hinh 4: C4u tric clia cac té bao LSTM trong mang RNN

liéu ngd vao co trong s6 d6i véi cic 16p dn; va R(2’) 1a
ham truyén ReLU ctia cac 16p 4n trong mang noron.
& mbi 16p mang, mbi dap tng noron nhén tao dugc
thuc hién bsi mét ham kich hoat cta tdng trong s6
(weights) va d¢ sai léch (bias). Xem xét hai 16p mang
lién tuc [k - 1, k], dép ting ngd ra ctia cdc noron c6 thé
dugc tinh todn nhu trong (11).

yji=8j (Zl’-’:l wijui+bj), i€0,m]; jel0,n] (11)

Trong d6, m 1a s6 lugng noron nhan tao trong 16p thi
(k-1); n 1a s6 lugng noron nhén tao trong 16p thi (k);
v 1a ngd ra déi véi noron thu (j)ti ham kich hoat; w;
1a trong s6 cho su lién két gitia no ron thi (i) trong

16p thit (k-1) va noron thi (j) trong 16p thi (k); b; la
d0 sailéch ctia noron thi (j) trong 16p thit (k); vag; va
u; 1an lugt la gia tri ctia cac ham kich hoat ReLU hoédc
PL.

Cén ct vao vécto di liéu dau vao, sai s6 ngd ra clia
mo6 hinh ANN, E[¢], trong mdi giai doan huédn luyén
& vong ldp t dugc tinh béi:

N(L)

Y (04(8)—0a(g)[1])*

g=1

E[t] = (12)

1
2
Trong d6, O4(g) 1a gia tri ngd ra mong mudn (the de-
sired output value); O,(g) 1a gia tri ng6 ra tli mo6 hinh
ANN (the resulting output value) & vong lap t dugc
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Hinh 5: Cau tric co ban cia mé hinh ANN

tinh tii phuong trinh (11); vag =1, ..., N(L) miéu ta s6
lugng nut ngd ra. Khi E[t] bing khong, mo hinh ANN
c6 thé tao ra gid tri ngd ra chinh xdc bing véi gia tri
dugc mong dgi. Hon nita, E[t] dugc hiéu nhu 12 mot
ham cua trong s6 va d¢ sai léch, ky hiéu la E(w,b)[t].
DéE t8i thiéu hda cac sai s6, su gidm gra-di-ang (gra-
dient descent) dugc sti dung trong gidi thuat truyén
ngugc (backpropagation algorithm). Mot vong lap
clia sy giam gra-di-dng sé cap nhét cac thong s6 w;;
va b; va nhu sau:

wiglio4 1) = wig ) 22

wijilt
OE (W,LB ﬂz}
9b; 1]

Trong do, n 1a ty 1¢ hoc (learning rate) ciia mo6 hinh
ANN.

(13)

bilt+1]=b;[t]—n (14)

Phuong phéap xac dinh nguéng dao dong
cuia dién ap dua trén ngudng dao déng ctia
phu tai

Sau khi ngudng dao dong cua gid tri dong dién phu
tai trén tuyén day da dugc xc dinh, ching sé dugc
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sti dung d€ tinh toan ngudng dao dong dién ap nut
trén LDPP bing phuong phap phan tich trao luu cong
sudt dua trén viéc bom dong dién vao nut (current
injection based power flow analysis), ALSTOM Grid
Inc., J.H. Teng, T.-H. Chen et al. (1991, 1994, 2003,
2014)23-26, Tiép dd, cac ngudng dao dong dién ap nut
dugc sti dung dé€ phan tich dong dién ngdn mach dugc
quan sat béi nhiing TBBV trén LDPP ¢6 tich hgp cac
ngudén DG.

Phuong phap phan tich dong céng suit dugc dya trén
hai ma trdn gém: i) ma trdn dong dién nhanh (BC-
branch currents matrix); va ii) ma tran dién dp nat
(BV-bus voltages matrix). Xem xét mot bus i bat ky
trong LDPP, cong sudt dugc ddy vao bus i nhu sau:

Si= (P +jQi)
= (PG,i —PL‘i) +7J (QG,i — QLJ) ,i=1..N

Trong d6, P ; and Qg ; 1an lugt 1a cong sudt tic dung

(15)

va cong sudt phan khang clia ngudn phat tai nit Py ; va
Oy, 1an lugt 1a cong suat tac dung va cong suit phan
khang cta tai nat i. Mot LDPP dugc gia dinh c6 N
nut.
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Dong dién tuong duong dugc bom vao nut i § vong
1dp thi k cta phuong phap phén tich dong cong sudt
dugc tinh bédi cong thiic (16):

1

e ) = () s

Trong d6, V¥ va I¥ 1an lugt la dién dp nut va dong
dién tuong duong dugc bom vao nut i & vong ldp thu
k. I} eal vy I;mag lan lugt la thanh phan thuyc va thanh
phén do ctia dong dién tuong duong bom vao nut 4,
va ciing la m¢ot ham theo dién 4p Vik .

Xem xét mot LDPP don gidn c6 tich hgp cdc nguon
DG nhu Hinh 6. Viéc bom cong sudt vao nut c6 thé
dugc chuyén thanh viéc bom dong dién tuong duong
vao nut thong qua cong thiic (16). Méi quan hé gitia
ma tran dong dién nhénh [BC] va ma tran dién ap nut
[BV] 6 thé thu dugc tii céc dinh luat Kirchhoff.

Ma tran dong dién nhanh [BC] c6 thé dugc xay dung
dya trén cac dong dién tuong duong bom vao nit,
dugc cho biét trong phuong trinh (17).

By 11 1 1 1 L
B, 01 1 1 1 b
B3yl=10 0 1 1 0|=|h (17)
By 00 0 1 0 Iy
Bs 000 0 1 Is
Trong do,
Bs=1Is
By =Is

By =IL4+By=1L4+1s ;
By=LK+B3+Bs=hL+11+15+1
Bi=bh+hL+1Li+Is+1s
Is = lipaa6 — IDG2
Is = lipaa5 — InG1

Iy = L1pqa4 ;
I3 = Ijpaq3
b = lipaaz
Tioad 1 € { Ploaf::‘[’;miu : Pl(n{}iy’ ;Ir:‘max } 1 =1...Njpua

Pog_a+iQpc.a )" .
IDG_d:( DG _d V{QDGJ) :d=1..Ng

B\,B>,B3,B4,Bs la cac dong dién nhanh trén LDPP;
b, I3, 14,15, 16 1a cac dong dién tuong duong bom vao
nat; 1544 ;13 dong dién tai thi1tai cac nut trén LDPP,
I =1...Njpua; Nipaa 12 t6ng s0 tai trén ludi dién; IpG 4
la dong dién ngudén DG thi d bom vao cac nit trén
LDPP, d = 1...Npg; Npg 1 téng s6 cic ngudn DG
dugc tichhop trénludi dién. Ploag 1 min Va Pload | max
14 céc bién d6 dao dong tin cdy ctia phu tai dugc xac
dinh ti viéc du bao phu tai nhu dugc trinh bay trong
Phan Xac dinh ngudng dao dong tin ciy clia phu tai
trén LDPP c¢6 tich hgp ngudn DG; Vyop, 12 gid tri dién

ap nat danh dinh trén LDPP; Ppg 4 va Opg g lanlugt
la codng suét tic dung va phan khang ctia nguén DG
thi d; va V; la dién 4p tai nut i trén LDPP.

Phuong trinh (17) c6 thé dugc viét dudi dang tng
quan nhu phuong trinh (18) bén duéi:

18] = €111 ()

Trong d6, [C] 12 ma trén tam gidc trén (an upper tri-
angular matrix) v6i céc gid tri hing s6 ctia 0 hodc 1.
M0&i quan hé gitta ma tran dong dién nhanh [BC] va
ma tran dién 4p nut [BV] dugc hién thi trong phuong
trinh (19):

% %) VAD) 0 0 0 0 By
Vi V3 Zy Zy3 0 0 0 B>
Vil = |Va|=1|Z12 Zo3 Zzs O 0] |B3
Vi Vs Zyy 2oz Zzs Zys 0 | By
Vi Ve Ziy Zpz 0 0 Zzg| |Bs
Trong do,

Vo=V1—Bi1Zp»

V3=V, —ByZx3

Va=V3—B3Z34 ;

Vj=Vi—BiZj

B\Zpy =V -V,
ByZy3+B1Z1p=V1—V3
B1Z12+B2Zy3+B3Z3s =V —Vy

BiZij :Vi—Vj

V; 1a dién 4p nut i; V; la dién 4p nut j; Z;; la tong tré
dudng day gitia nut i va nut j.

Phuong trinh (19) c6 thé dugc viét dudi dang tng
quan nhu phuong trinh (20) bén dudi:

[AV] = [Z][BC] (20)

Trong do, [AV] (hodc goi 1a [BV]) la ma tran d¢ sut
giam dién 4p tu nut i dén nut j trén LDPP; va [Z] 1a
ma trdn tng trd tam gidc dudi (an lower triangular
matrix).

Két luan lai, dya vao cac mo hinh duy bao phu tai dién
va phuong phap xac dinh LPCI nhu dugc phén tich
trong phdn Xdc dinh ngudng dao dong tin cdy ciia phu
tdi trén LDPP ¢6 tich hgp nguon DG, thi khoang tin
Cé‘y clia phl_l tai dién thu L [PloadJJnimPluadfl?max]’
dugc xac dinh; tit d6, khoang tin cdy ctia dong
dién phl-l tai thi L [lload_l_minallnad_l_max] sé dugc
xdc dinh tuong ting. Tiép theo, khodng gid tri tin
cdy cua dong dién tuong duong bom vao méi nut
th i, [I;_mins1i_max] $& dugc xdc dinh nhanh chéng.
Sau d6, cac ma trdn dong dién nhanh [BC,;,] va
[BCinax]s chi tiét [chin} = [Blimin BZJVLin Bi_min}T
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a) So d6 LBPP 6 niit ¢6 2 ngudn DG

Bus 4

Bus 5

Bus 1

Substation

b) So dé LDPP véi cac dong dién twong dwong bom vao niit

Hinh 6: So d6 LDPP don gian c6 tich hgp cac nguén DG

Va [BCax] = [B1_max B2_max - Bi_max)" » sé dugc tinh
toan ti€p theo dua vao phuong trinh (18). Cudi ciing,
cac ma tran dién ap nut [AV,in] va [AViux] sé duge
x4c dinh nho vao phuong trinh (20). Vi véy, khodng
gid tri tin cdy ctia dién ap tai nut batky thii i trén LDPP,
Vi _mins Vi_max> €6 thé dugc tinh todn hiéu qua va thich
hgp trong nghién ctiu nay, cu thé, [Vi] — [Bi_min] =
[Vi_max] va [Vl] - [Bi_max] = [Vt_mm] Luuy réng» Vi
1a gia tri dién 4p danh dinh tai nut 1 (slack bus) trén
luéi dién phéan phdi.

Gidi thudt tinh todn cdc ma tran [C] va [Z]
Giai thuat x4y dung ma tran [C] trong phuong trinh
(18) dugc phat trién nhu sau:

o Budc 1: D6i vsi mot LDPP cd m nhanh va » nut,
kich thu6e ctia ma tran [C]lam x (n — 1); ticla
mhangvan - 1 cot.

o Budc 2: Néu mot nhanh (hodc mét phan doan),
By, 1a gitia ndt i va nit j, sao chép cot ctia nut thi
i clia ma tran [C] dén c{t cha nut thd j va dién
+1 dén vi tri ctia hang k cot j. Chu ¥, ma tran [C]
khong xem xét nut s6 1 (slack bus) trén ludi.

o Budc 3: Lip lai budc 2 cho dén khi tét ca céc
nhdnh dugc bao gém trong ma tran [C].

Tiép theo, gidi thuat xay dung ma tran [Z] trong
phuong trinh (20) dugc phét trién nhu sau:

o Budc 1: Ddivsi mot LDPP cd m nhanh va » nut,
kich thudc ctia ma tran [Z] 1a (n— 1) x m; tic la
(n— 1) hang va m cot.

o Budc 2: Néu mot nhanh (hodc mot phan doan),
By, la gitia nat i va nit j, sao chép hang ctia nut
thi i chia ma tran [Z] dén hang cta nat tha j va
dién t6ng tré dudng day Z;; dén vi tri cia hang
j cOt k. Chu ¥, ma trdn [Z] khong xem xét nit s6
1 (slack bus) trén luéi dién phan phoi.
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o Budc 3: Lip lai budc 2 cho dén khi tat ca cac
nhénh dugc bao gém trong ma tran téng trd [Z].

Viéc tinh todn céc ma tran [C] va [Z] c¢6 thé dugc mé
rong dén céc phan doan gém nhiéu pha. Ching han,
néu mot phan doan ti nat i dén nut j 1a phan doan 3
pha a, b va ¢, thi dong dién nhanh B; sé la mot vécto
T
3x1,B;= [Bz:,a Bip Bi.c}

ma tran [C] sé 12 ma tran don vi 3 x 3. Tuong ty, néu

,vacong 1 (+1) trong

mot phan doan ti nut i dén nat jla phan doan 3 pha a,
b va ¢, thi Z;; trong ma tran [Z] sé 1a ma trén tong tr&
3 x 3, nhu cho biét trong phuong trinh (21) va tham
khao Hinh 7.

Zaa Zab Zac Zan
Zyg Zpp Zpe Zp
[Z}ubcn = ¢ ‘ 8 (Zla)
Zea Zcb Zee  Zen
Zna an ch Znn

Ap dung phuong phap Kron?’, phucng trinh (21a)
thanh:

Zaufn Zabfn Zacfn
[Z]ahc = \Zba—n Zvob—n Zbc—n (21b)
Zea—n Zcbfn Zec—n

Tu Hinh 7, m6i quan hé gitta dién 4p nit va dong dién
nhéanh nhu cho biét trong phuong trinh (21¢).

Zaa—n Zah—n Zac—n IAa VA Va
Zya—n  Zpb—n  Zpe—n| |IBo| = |VB| = | Wb
an—n Zcb,,, ch—n ICc VC VL
Phuong phdp gidi bai todn dong céng sudt
Két hgp cac phuong trinh (18) va (20), ma tran [AV]
duogc viét lai nhu sau:
[AV] = [Z][c][1] = [PF][1] (22)
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Hinh 7: M6 hinh phan doan c6 3 pha trén LDPP

Phuong trinh (22) véi ma trdn dong cong sudt [PF]
c6 thé dugc giai bsi phuong phdp tim thua s6 LU
(Lower-Upper factorization). Ma tran [PF] c6 thé
dugc thita s6 thanh ma tran [C] va ma tran [Z]. Ma
tran [C] 1a ma trin tam gidc trén va ma tran [Z] 1a ma
trdn tam gidc dudi, da dugc tinh toan trong phdn Gidi
thudt tinh todn cdc ma trgn [C] va [Z]. Do d6, viéc
ap dung phuong phép tim thtta s6 LU (con dugc goi
la giai thuat LU decomposition va forward/backward)
d0i v6i ma tran Jacobian hodc ma tran tdng dan c6 thé
dugc bo qua. Vi vay, thai gian tinh todn dong cong
suét ¢ thé dugc nhanh hon. Nhu 13 két qué, phuong
phép gidi bai toan dong cong suét st dung thita s6 LU
6 thé phtt hgp hon cho viéc tinh todn dong cong suit
online trén LDPP ¢6 tich hgp cac ngudn DG.

k=1l (vVE) 1 (vE) = (2H2) " (23a)
[avit] = e [1F] (23b)
[PF] = [Z][C] (23¢)

[Vik-H] =] [Avik-!—l]

Tém lai, phuong phép giai bai toan dong cong sudt
duogc tém tit nhu sau:

o Budc 1: Tinh todn tiing phan td trong ma tran
[C]vamatran [Z], da dugc trinh bay trong Phan
Giai thuét tinh todn cdc ma tran [C] va [Z].

« Budc 2: Gidi phuong trinh [X¥]| = [C] [I¥]. Cac
thanh phén trong ma trdn [Xik] dugc tinh nhu
sau (luu y, k 1a s6 vong ldp cua gidi phap phan
tich dong cdng sudt):

k— k. o yvN—1 ok
X; —zic,,+2p:lﬁp¢ic,ptp (24)

Budc 3: Giéi phuong trinh [AV/‘H] = [Z] [X}]. C4c
thanh phéan trong ma tran [AV/‘H} dugc tinh nhu

Sau:

k+1 N—1
Avi+ = xf-‘zii + szl_’p#zipr, (25)

Gidi thuat tinh todn cdc ma tran [C] va [Z] m&
réng cho LDPP mach vong

Khi luéi dién phan phéi cung cép cho nhiing khu vuc
phu tdi cao, thi ciu triic mach vong ctia LDPP dugc ap
dung thong qua viéc dong/ma cdc mdy cat phan doan
(normally open tie-switches). Vi vay, giai thuat tinh
todn cdc ma tran [C] va [Z] mé rong cho LDPP mach

vong dugc trinh bay nhu sau:

Tinh todn ma trdgn [C] cho LDPP mach vong

Hinh 8 cho biét so d6 don tuyén ctia m¢t LDPP mach
vong don gian. Mot nhanh méi duge két néi tu nat 5
dén nut 6, vi vy dong dién tuong duong bom vao cac

nut sé la:
B, 111 1 1][h
B, 01 1 1 1|5
Bil=10 0 1 1 of|n (26)
By 0 0 0 1 Of|L
Bs 0 0 0 0 1] |

Trong d6, I = Is + B va I, = Is — B
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Phuong trinh (26) c6 thé dugc viét lai nhu sau:

B 1 1 1 1 1| (kL
By 0O 1 1 1 1|14
B3| =10 0 1 1 0] |l
By 0 0 0 1 0f |
Bs 0 0 0 0 1] |f (272)
1 1
1 1“
+|1 0 [B 6]
1o L
0 1
B 1 11 1 1 O I
B> o1 1 1 1 0 L
B3 _ o 0 1 1 0 1 n (27b)
By 00 0 1 0 1 Is
Bs 0 0 0 0 1 —1||I
Bg 0O 0 0 0 0 1 Bg
|:BB;SW = [Cnew] |:BnIew:| (27¢)

Khi m¢t nhanh méi By dugc xay dung trén LDPP dé
tao thanh cdu tric mach vong, nhanh méi nay dugc
két ndi tui nat i dén nut j, ma tran [C] dugc tinh todn
lai nhu sau: i) sao chép thanh phén c6t thit i dén cot
thit k, sau d6 tru di thanh phén cét j, ii) dién gid tri
(+1) dén vi tri hang k cot k trong ma tran [C].

Tinh todn ma trgn [Z] cho LDPP mach vong
Déi véi mot LDPP mach vong nhu Hinh 8, phuong
trinh (19) dugc viét lai nhu sau:

Vi Vs

Vi Vi

A (284)

Vi Vs

v Ve

0 0

[Z1, O 0 0 0 0 B,

Zi1o Zp3 O 0 0 0 B>

Zin Zoz Zz4 O 0 0 Bs

Zip Zp3 Zan Zys O 0 By

Zin Zp3 0 0 Zzp O Bs

0 0 Zs Zys —Zs¢ Zs¢) L Bs
|:A0V = [Znew] BB;EV (28b)

Khi m¢t nhanh méi By dugc xay dung trén LDPP dé
tao thanh cdu tric mach vong, nhanh méi nay dugc
két n6i tii nut i dén nit j, ma trén [Z] dugc tinh todn lai
nhu sau: i) tao ra mot hang méi dén ma tran [Z] ban
dau; va cac phan ti trong hang méi dugc tinh tuong
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tng bang cach ldy hang i trit hang j; ii) phan td thudc
hang mdi ndm trén dudng chéo ctia ma tran [Z], tic
la vi tri tai hang méi c6t méi ctia ma trén [Z], 13 tOng
trd cia nhanh méi By.

Gidi phdp tinh todn dong cong sudt cho LDPP mach
vong

Thay thé phuong trinh (27) va phuong trinh (28) vao
phuong trinh (22), phuong trinh (22) dugc viét lai
nhu sau:

AV, I
vl = [Znew] [Cnew]
0 BI‘[@W (29)
A Mt
T IM N | |Bpew

Ap dung phuong phép Kron, phuong trinh (29) tré
thanh:

[AView] = [A—MIN"IM| [I] = [PEey] ] (30)

Phuong trinh (30) v6i ma trdn dong cong sudt [PFey
c6 thé dugc giai bdi phuong phédp tim thiia s6 LU
(Lower-Upper factorization), nhu dugc dé cip trong
Phdn Phuong phdp gidi bai todn dong cong sudt.

Diéu chinh gid tri du bdo phu tdi trén mét
tuyén ddy ciia LDPP
Dai véi viéc phan bd phu tai trén tuyén day ctia LDPP,
cac tac gia da ing dung phuong phéap diéu chinh gia
tri phu tai dugc duy bdo, dya trén di liéu thoi gian
thuc, . H.Tengetal. (1994) 2 Phuong trinh (31) cho
biét hé s6 hiéu chinh phu tai, k.4, trén toan tuyén day
cta LDPP, la ty s6 cta cong suét tai dugc du bao tai
dau phat tuyén, Pyjoad_forecasted> V61 tong cong sudt
phu tai dugc du bao tai cac nat dugc phén bd trén
toan tuyén, Zf/:“’f" P, load_forecasted- Trong d6, Nyigqq 12
téng s6 nut 6 tai trén toan tuyén day ctia LDPP.
PZIoadﬁforecasred
kaaj = N
(31)

Pi,load_forecasted
i=1

Phuong phap phan tich ngan mach cai tién
danh cho LDPP tich hgp nguén dién DG

Céu truc ctia mot LDPP ¢6 tich hgp cdc nguén DG
la da dang va linh hoat bdi vi cdc ddc tinh van hanh
P2P va P&P. Do d6, mét hé théng quan ly thoi gian
thuc (Real-time Manangement System — RTMS) dugc
trién khai d€ gidm sat tinh trang vin hanh ctia ngu6n
luéi va cac ngudn DG, ciing nhu trang thai hoat dong
ctia cac TBBV trén Iudi. Cac nguén DG c6 hai ché
d6 van hanh dic trung gom: i) vin hanh ndi luéi
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Bus 1 Bus 2

Substation

B

Bus 4

Bus 5

Bus 3

Hinh 8: So d6 don tuyén ctia LDPP mét mach vong

(grid-connected operation) va ii) van hanh doc lap
(islanded operation). Néu mét nguén DG don 1é
(hodc mot MG chita nhiéu nguén DG) van hanh & ché
d06 ndiludi, gid tri dong dién ngdn mach ma TBBV thu
‘r’ quan sét c6 thé dugc tinh todn bing phuong trinh
sau, theo Bui D.M. (2017)°:

InmﬁTBBVr = Inmﬁluoi +

32
Y7 (kyi* Iy _pcix TTVH_DG) (32)

Trong do:

o Inm_TBBVy 12 gid tri tOng dong dién ngdn mach
dugc quan sat béi TBBV thi r;

o Iym_uoi 12 gid tri dong dién ngdn mach cua
ngudn ludi dugc quan sat boi TBBV thi r;

« nla s6 lugng cdc nguén IBDG va RBDG dugc
tich hgp vao mot LDPP;

o ky;1ahé s6 anh huong ctia dong dién ngdn mach
do ngudn DG thu 7 giy ra dugc quan sat bsi
TBBV tht . N6i mot cich khéc, k,; 1a hé s6
anh hudng ctia ngu6én DG thit i dén TBBV thu
¥

o Inm paila gid tri dong dién ngan mach tai diém
ddu néi ctia nguon DG thua 7 khi sy ¢6 xay ra
trén LDPP;

o TTVH_DGi thé hién trang thai két néi (hoac
ngit két néi) ctia ngudn DG vao ludi dién (néu
TTVH_DGi = “1” déng nghia rang nguén DG
dang hoat dong ndi lué6i; ngugc lai, TTVH_DGi
= “0” d6ng nghia rang ngudén DG dang hoat
dong doc lap).

Nhu véy, viéc xdc dinh gia tri dong dién ngdn mach
dugc quan sat bdi TBBV thi 7’ sé dugc don gian hoa
va thuc hién nhanh chéng thong qua hé s6 anh hudng
kyi. Tuong tu, néu cdu truc LDPP ¢6 n nguén DG
dugc quan sat bdi m TBBV thi hé s6 anh hudng cta
bat ky nguén DG nao tac dong 1én cac TBBV déu co
thé dugc tinh todn. Ma tran t6ng trd theo thanh phan
thid ty dugc dung d€ tinh todn cic hé s6 dong dién
ngan mach déng gop ti cdc nguén RBDG va ngudn
luéi tac dong 1én tit ca cac TBBV trong m¢ot LDPP
¢ tich hgp ngudén DG. Bén canh d6, nhd vao viéc
thuong xuyén gidm sat trang thai van hanh cia LDPP
thong qua hé théng RTMS va ha tdng mang truyén
thong, ma tran téng trd thudng xuyén dugc cap nhit.
T do, nhiing hé s6 anh hudng ctia dong dién ngan
mach dén cac TBBV cing dugc nhanh chdéng xic
dinh.

Phuong phdp tinh todn khodng gid tri tin cdy
ciia dong dién ngdn mach déng gép tirnguén
luGi (lnm_luoi)

Viéc két hgp phuong phép xac dinh LPCI va phuong
phép xdc dinh ngudng dao dong cta dién ap nut
da néu tai Muc Phuong phép xac dinh ngudng dao
dong cta dién ap dua trén ngudng dao dong cla
phu tai, thi khoang gia tri tin cay cta dién ap tai
cac nut, [Vi min, Vi max] duge thé vao bién V,,,(0),
nhu cho biét trong phuong trinh (33), d€ tinh toan
khodng gid tri tin cdy ctia dong dién ngin mach,

[lnuz(MM)_minvInut(NM)_max:| » nhdm phu hop véi cdu
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truc da dang ctia mot LDPP trung thé c6 tich hgp cac
ngudn DG. Nhu 1a két qua, ngudng dao dong tin cay
ctia dong dién ngén mach déng gép béi ngudn luéi
(hodc nguén RBDG) dugc quan sat boi cac TBBV trén
LDPP sé dugc xac dinh hiéu qua. Mit khac, gia tri
dong dién ngan mach tham gia vao su ¢4 tii cdc ngudn
IBDG dugc gi6i han ¢ mot gid tri hing s6 nhit dinh
va khong dugc vugt qua ngudng cho phép van hanh.
Giad dinh sy c6 xdy ra trén LDPP c6 tich hop
DG, khoidng tin cdy dong dién ngin mach,
{IanMLmimIW,<NM)7WX , dugc tinh toan dua vao
phuong phdp quy d6i Thevenin tuong duong cung
v6i phuong trinh (33):

[VOi in| = [VOi (0)}

nut(l\’_Mfo;(;g . [ISM;:;M)_MM} VieN (35a)
[VOi i _ [VO:E (0)]

nut(N_MfZI:(g; . [lr?g:[M)_max} Vien (35b)

Khi tinh todn dong dién ngédn mach di qua nhiéu phan
doan (hodc vi tri sy c6 khac nhau) trén mot LDPP,

phuong trinh (34) c6 thé dugc viét lai nhu sau:

N
nm_luolr —
- Zip

(36)
Trong do, Vy;, la dién ap Thevenin tuong duong clia
ngudn ludi; va Zy, 13 téng tré Thevenin tinh tit nguén
ludi dén vi tri sy ¢b va gia tri nay thay déi tury thudc
vao vi tri hodc cac dang sy c6 khéc nhau xay ra trén
ludi, theo Bui D.M. (2017)°.
hé théng tai cac diém d4u ndi gitia ludi dién truyén

Luu y ring, téng tré

thong véi cac ngudén DG cing nhu thong s6 mang
cta ching déu phai dugc khai bao ddy du trudce khi
thuc hién tinh toan. Dua vao d6, khoang gia tri tin
cay cua dong dién ngdn mach tham gia tii nguén ludi
Unm_tuoi_min>Inm_tuoi_max) €6 thé dugc stt dung d€1am
co s¢ danh gia cho viéc tinh toan phdi hgp cac TBBV
tu thich nghi trén mét LDPP c6 tich hgp nguén DG.
Thém vao do, dong dién ngin mach tit nguén ludi c6
thé cao hon nhiéu so v6i dong dién ngdn mach dong
gop boi cac ngudn DG khi hoat dong néi luédi, dac
biét 1a khi LDPP c6 trung tinh néi dat truc ti€p. Vi
vay, d€ phan tich va xdc dinh chinh xdc gia tri dong
dién ngdn mach dugc quan sit bdi cac TBBV b6 tri
trén mot LDPP tich hgp cdc nguén DG, né cén thiét
dé tinh todn cac hé s6 anh hudng, k., dén TBBV do
nhiing nguén DG gay ra va bén canh xem xét cac cdu
tric van hanh ctia LDPP.

819

Phuong phdp tinh todn hé sé anh huéng ciia
dong dién ngdn mach tir cdc nguén DG dén
cdc TBBY

Dong dién ngin mach theo thanh phan thu tu tai
nguén DG tht i, I, pgi> 6 thé dugc tinh todn theo
cdc thong s6 san c6 nhu dién dp tai cic diém ddu ndi
va gid tri téng trd thi ty thuin/nghich/khong. D€ don
gian hoa viéc tinh todn dong dién ngdn mach sinh ra
bai cac ngudn DG, cac nguén RBDG dugc gia dinh
sinh ra dong dién ngin mach trong khoéang 5.0~10.0
pu theo?8%.
ty thuan t6i da ctia cdc ngudn IBDG dugc gidi han &
muic t6i da 2.0 pu, theo E. Sortomme et al. (2008)C.
Trong khi cadc nguén RBDG sinh ra cic thanh phén

Mit khéc, dong dién ngén mach thd

dong dién th tu tuong tng véi cac su c6 doi xiing
va bat d6i xting, Yazdani A., Karimi H., Tamura J. et
al. (1997, 2006, 2008)3133, thi cic ngudén IBDG
c6 thé dugc diéu khién d€ triét tiéu dong dién thi tu
nghich. Do d6, cac nguoén IBDG chi bom dong dién
ngan mach thu tu thuin vao LDPP khi sy ¢8 xdy ra
va khi nguén IBDG dang hoat dong néi lu6i!. Thém
vao d6, nguén IBDG c6 théloai b thanh phan thi tu
khong béng cach st dung céc inverter ba chan hodc
thong qua mot may bién ap cach ly ddu Y, /A (v6i cudon
tam gidc (A) ndm & phia lién két v6i nguén IBDG)
thay vi inverter bén chin thong thuong. Trong mot
6 ting dung, nguén IBDG c6 thé bom dong dién thi
tu nghich vao LDPP d€ c6 thé phat hién su c6, theo
(2008)*? hoic khi dugc yéu ciu
4p dung trong nhiing hé thong bao vé danh cho luéi
dién MG, theo Nikkhajoei H. et al. (2006-2007) 1.
Tém lai, m6 hinh quy d6i tuong duong ctia cdc ngudn
IBDG theo cac thanh phén thi tu dugc xem xét trong
bai bdo nay trudc khi thuc hién phén tich ngan mach
trén mét LDPP chia cic nguén DG.

Nhiing mé hinh quy d6i tuong duong cta ngudn
IBDG theo thanh phén thd ty thuén, thi ty nghich
va thit ty khong lan lugt duge thé hién trong Hinh 9.
Theo dé, dong dién ngin mach thi ty thuan / jm_l BDG

Karimi H. et al.

dugc gidi han 6 muic ngudng la 2.0 p.u. Dong dién
ngan mach thd ty nghich I 5+, dugc diéu khién
dé giam xudng nhé hon mtc 5% I 5 - khi sy c8
(2008) 2. Dong dién
thd tu khong Ir?m 10 Phu thudc vao ki€u néi dat cta
ngudn IBDG (chgng han nhu IBDG ba chan hodc bon
chén). Thong s6 IQ;EG’O 14 cdc gid tri t6ng dan theo
thanh phan thi ty ctia nguén IBDG.

Hé s6 anh hudng ctia dong dién ngian mach, k,;, dugc

xdy ra, theo Karimi H. et al.

dung d€ miéu ta dong dién ngin mach déng gép cua
ngudn DG thd 7 vao TBBV thu 7 trén mot LDPP,
dugc tinh bang phuong trinh (37), theo tic gia Duong
B.M. (2017)°. P& don gian trong viéc trinh bay, cac
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Hinh 9: M6 hinh quy déi tuong duong ctia nguén IBDG theo cac thanh phan a) thi tu thuan, b) nghich va c) khong

tac gid sé thé hién cong thic xdc dinh k;; khi su ¢6
xdy ra trén LDPP 1a sy ¢6 ba pha. Theo d6, nhiing ndi
dung tiép theo sé chi xem xét dén cac thanh phan thi
tu thuén.

lym_DGi_TBBV

kri =
Lum DGi

(37)
Trong do, Lun_DGi_ TBBVF la gid tri d(‘)ng dién ngén
mach do nguén DG thi 7’ tic dong dén mot TBBV
tht 7’5 gid tri dong dién ngdn mach nay sé thay d6i
dua vao gid tri tng trd tuong duong Thevenin dugc
tinh todn tui vi tri dat ngu6én DG thi 7’ dén vi tri ctia
TBBV thu 7. Gid tri dién 4p tai cdc nit nguén DG
dugc tinh toan theo phuong phap da néu trong Muc
Phuiong phdp xdc dinh nguéng dao déng ciia dién dp
dva trén nguong dao dong ciia phu tdi.

Theo Hinh 10, khi tong trd cia nguén DG i (Zpg;), va
téng trd ctia hé thong (Z,,) da biét trudc, hé s6 k,; sé
dugc xac dinh thong qua phuong trinh (38), theo tac
gia Duong B.M. (2017)>:

o — Lum_DGi_TBBVr

ri —
IanGi
( ht (38)
ZpGi +7,
= DGt Zn ). * lym_TBBV r
IanGi

Trong d6, I, pci BBV, €O thé dugc xem la mot
thanh phan ctia tdng dong dién ngan mach I, Ty,
dugc nhin thdy boi TBBV tht ¢’ trén LDPP nhu
Hinh 10. Thanh phan con lai chinh 1a dong dién ngén
mach 1, 14i cung cp tit nguon ludi. Hé s6 k,; 1a hé
s6 anh hudéng cta dong dién ngan mach I, pg; cla
ngudn DG tht i tic dong vao mot TBBV thu r khi
su ¢6 xdy ra. Do d6, k,; c6 thé dugc dung dé danh
gid muc do anh hudng bodi dong dién ngdn mach cta
mot ngudn DG dén bat ky TBBV nao trén LDPP c6
tich hgp cac ngudn DG. Tac gid nhén théy ring gid tri
ki ndm trong khoang [0,1]. Khi k,; xdp xi bang 1 thi
céc tdc gid quan sat thdy rdng vi tri ctia ngudn dién
DG th i rdt gan v6i vi tri dat TBBV thtt r hodc thim

chi, ngu6én DG i va TBBV r cling lién két v6i mot nat
trén mot LDPP. Khi k,; rdt nho hon 1, vi tri ngudn
DG thit i ndm xa TBBV thii r hodc c6 thé hiéu ring su
anh hudng ctia dong dién ngan mach do nguén DG
i tac dong dén TBBV r khong nhiéu. Ngoai ra, cin
luu ¥ rang, dong dién ngdn mach ctia nguén IBDG
sé khong thay d6i theo khoang céch (nghia la ngu6n
IBDG sé hoat dong nhu nguén dong khi sy c6 xay
ra trén mot LDPP). Chinh vi vy, phuong phap xac
dinh hé s6 anh hudng k,; cia dong dién ngén mach
sé khong ap dung cho cac nguén IBDG. Néi mét cach
khéc, hé s6 k,; d6i véi nguén IBDG 1a mot gid tri hing
s6 nhat dinh. Tém lai, d€ mo ta su anh hudng cua n
nguén DG dén m TBBV trén mot LDPP khi su ¢6 xay
ra, cac tdc gid st dung ma trén hé s6 anh hudéng cua
dong dién ngan mach, [K], dugc biéu dién nhu sau
(theo tac gia Duong B.M. (2017) 5):

kit ki ki
[K] = | kn kri kpn (39)
kml kmi kinn
Trong d6, d6i véi cac sy c6 dang bat déi xing thi viéc
xdc dinh hé s6 k,; trong ma trdn [K] c6 thé ép dung
theo cach thiic tiép cin tuong tu.

Phuong phdp xdc dinh téng dong dién ngdn
mach duoc quan sdt béi cdc thiét bj bdo vé
Gid tri dong dién ngdn mach déng gdp ctia n ngudn
DG dugc biéu dién bang véc-to I, pg véikich thuse
la [1 x n], tdc la mot cot va n hang, nhu trong phuong
trinh (40), theo cdng trinh nghién ciiu cua tac gia
Duong B.M. (2017)>:

Inm_DGl

[1 nm_DG } = Inm_DGi (40)

InmﬁDGn
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k=

L L L

Phu tai

Hinh 10: Dong dién ngdn mach tac dong dén TBBV thit ‘r’ tr nguén DG thit ‘i’ trén mot LDPP

T hai phuong trinh (39) va (40), cic dong dién ngdn  mach tU ngudn luéi.
mach doéng gop béi “n” nguén DG ma “m” TBBV ¢6

thé quan st dugc biéu dién theo phuong trinh (41)°:

Lim Y |DGi_TBBV1 kit ki kin| |Lun_ DGl

Lunyn pGiTeev: | = |ket kri ken | | Bun_pgi | (41)
; 1,

Inm Z:’l: \DGi_TBBVm kmi  Kmi kmn nm_DGn

Lim Y} |DGi_TBBVr — L Y |DGI_TBBVr R
o Y |DGn_TBBVr

Trong d9, tong gid tri dong dién ngdn mach ghi nhan Lun_DG1

. 42
bdi TBBV thi ‘7’ dugc tinh toan bang phuong trinh 42)
. = [kp1--kyieo k] | Lum_pai
(42). Ngoai ra, cin luu ¥ ring, phuong trinh (42)°> -

chua xem xét dén sy tham gia cta dong dién ngin Lum_DGn
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Nhu véy, phuong trinh (32) c6 thé dugc viét lai nhu
us

nm TBBV1
nm TBBVi (43)

nm TBBVm

nm luoi +Zr 121 1 (krl *Inm DGi *TTVH DGl)

Inm_lum_TBBV 1 kl 1 kli kln
= Inm_luoi_TBBVi + | ki kri ki | X

I, nm_luoi_TBBVm _kml kmi
Tum pG1 * TTVH_DG1

Lim_pGi * TTVH_DGi

Inm_DGn * TTVH_DG}’!_

Nho sy hé trg ctia hé théng truyén dan thong tin tich
hop vao hé thong RTMS, nhiing gid tri dong dién ngan
mach déng gop ctia cac ngudén IBDG, RBDG va nguén
ludi c6 thé dugc gidm sat va cip nhat lién tuc. Cu
thé, ma tran hé s6 anh hudng [K], ma trdn dong dién
ngan mach (I, pg] ctia cic ngudn DG va dong dién
ngan mach [I,, 1] dugc cap nhat lién tuc. Do do,
téng gid tri dong dién ngan mach dudc quan sit boi
cdc TBBV c6 thé dugc xdc dinh nhanh chéng, tuong
ung véi cac ddc tinh van hanh P2P va P&P clia mot
LDPP ¢6 tich hgp cdc ngudn DG. T do, tri s6 chinh
dinh ctia TBBV ¢4 thé dugc diéu phdi mot cach thich
hop. Trong trudng hop 16i két ndi truyén thong xay
ra, gid tri chinh dinh gan nhat ctia cdc TBBV sé dugc
giti ¢6 dinh cho dén khi 16i két ndi truyén thong dugc
khéc phuc. Bén canh d4, chiic ning bao vé dy phong
sé dugc kich hoat hoat dong sau mot thoi gian tré
dinh trudc d€ phat hién va c6 14p su c6 kip thoi trong
khoang thai gian mat két néi truyén thong.

Hinh 12 trinh bay mot phuong phap tinh toan
dong dién ngidn mach nhanh va ty dong (goi tat 1a
phuong phap AFSCC-Automatical and Fast Short-
Circuit Calculation) danh cho hé théng bao vé ctia
mot LDPP ¢6 tich hgp ngudn dién DG, gom nam
budc chinh nhu sau:

o Budc 1: Nhép thong s6 ctia nguodn ludi va cac
nguén DG, cd ban bao gébm khoang gia tri tin
cdy dién 4p nut tai ludi dién chinh va tai cac
ngudn DG, cong sudt lap dit ctia ngudn ludi
va cac nguén DG, thong s6 mdy bién ap phan
phdi va dudng day trén LDPP, tham khao cuy thé
Hinh 11.

o Budc 2: Tinh todn cdc ma tran tong trg theo
thanh phén thi ty tuong tng véi tiing cdu truc
van hanh ctia mot LDPP tich hgp nguén DG,
nhu trong Budc 2.1.
hudng k,; ctia dong dién ngdn mach thd ty

Sau do, cac hé s6 anh

thuan/nghich/khéng sinh ra béi cac nguén DG
va luéi dién chinh tdc dong dén tliing TBBV trén
mot LDPP dugc tinh toan trong Budc 2.2.

« Budc 3: O Budc 3.1, gid tri dong dién ngin
mach ctia nguén u6i, (I, ju0], bao gém cic
dong dién ngan mach theo céc thanh phén tha
ty, tai diém chung (PCC-point of common cou-
pling) c6 thé dé dang tinh todn do cdc thong s6
¢6 lién quan da dugc nhép day du trong Budc
1. Sau d6, mot véc-to dong dién ngin mach,
[Ium_pc), bao gobm cic dong dién ngin mach
theo cdc thanh phan tht ty néu cd, cta cic
ngudn DG ciing dugc xay dung & Buédc 3.2.

« Budc4: Téng gid tri dong dién ngdn mach dugc
nhin thdy bdi méi TBBV trén LDPP c6 tich hop
DG dugc tinh bang phuong trinh (43).

« Buédc 5: O Buéc 5.1, duya vao hé théng RTMS,
néu trang thdi hoat dong cta cdc nguén DG
hodc cu truc ctia LDPP bj thay déi trong qud
trinh v4n hanh, ma tran tdng tré tuong duong
theo cac thanh phén thu tu & Budc 2 sé dugc
cép nhat. Ngugc lai, néu khong c6 bat ky thay
d6i nao dén cdu tric cia LDPP, ma tran [K] gin
nhit sé tiép tuc dugc duy tri nhu thé hién trong
Buéc 5.2.

KET QUA MO PHONG VA THAO
LUAN VE PHUONG PHAP PHAN
TiCH NGAN MACH DE XUAT

Trong muc nay, cic tac gid thyc hién méd phong
phuong phap xdc dinh LPCI két hgp véi phuong
phép tinh phin bé dong cdng suit va phuong phap
phén tich ngdn mach cai tién (AFSCC) d€ xic dinh
nhanh chéng va hiéu qua gia tri dong dién ngén mach
dugc quan sat bdi cac TBBV trén mot LDPP ¢6 tich
hgp nguén DG. Bén canh do, nhiing két qua du bao
ngudng dao dong tin ciy ctia dong dién phu tdi, dién
ap nut va dong dién ngin mach tai cdc vi tri c6 TBBV
dugc cic tac gia tinh todn bing cong cu xac dinh LPCI
dugc phat trién va phdn mém E-terra Distribution.
Bai bdo sti dung nguén di liéu thuc té ctia mot LDPP
Cu Chi, Tp. H6 Chi Minh d€ chting minh tinh kha
thi khi 4p dung. D€ don gian héa qua trinh phén tich
ngdn mach, dong dién ngin mach ctia nguén IBDG
dugc gidi han khong qua 2 p.u. va khong phu thudc
vao vi tri 18p dit trén LDPP.
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ve dang dugce st dung

Théng sb cia Thong sb ciia Théng sb ciia
Iwéi dién chinh nguon IBDG nguon RBDG
Khoang gid i | /\oyang cho || | Diénap {Khoang gid tr tin |
n:.rz cdy cua  phép vin tham chicu icy cua dién apnut |
dién ap mit i = o = =
P o Ngudng cai dat :TOng trd !
trén hwdi O i & i
cia by FCL i inguon
Dong dién ngin | {Cong suat |
‘mach tham chicu ! itham chiéu |

Hinh 11: Cac théng sé chinh cia mét LDPP ¢ tich hgp cac nguén DG dugc sir dung cho phuang phap AFSCC
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] Xay dyng bo dir liéu thong sb dau vao cho mot LDPP c6 DG/MG ‘

Xdc dinh théng s6 cia cic ngudn

|dién DG va ngudn hwdi

l 2.1)

'Tinh toan cac ma trin tong tré

\thnt tr cila mjt LDPP 6 DG

G.D)
Tinh todn déng dién ngin

L 4 a2

4

Tinh todn hé s dong dign ngin

mach tham gia vao surod cua tit cd

ngudn DG, ngudn ludi cé anh

Iréng dénmoi TBEV trén LDFP

& xdy dyngma rdn b6 s [K]

mach cia ngudn ludi tai
diém diu ndi vl LBPP

v G.2)
Tinh toan sy dong gop dong
dign nzan mach cua nhing
ngudn DG co mat trén LOPP

¢ 4)

Tinh todn tong dong dign
ngan mach g quan sat béi

G.D
Trang thai cia cic ngudn
DG thay §6i7 (hodc ciu fric
ciia LDPP thay d6i)

Sai—p|tirong ing w1 ciu tric

méi TBBV trén LDPP c6
tich hop cacnguin DG

G52
Cip nhit ma triin hé s6 [K]

LEPP dangvin hanh

Y

(Két thic )

Hinh 12: Giai thuat AFSCC danh cho LDPP chtra cac nguén DG
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Két quad du bao ngudng dao ddng tin cay
cua phu tai

bé danh gid sy hiéu qua cta phuong phép xac dinh
LPCI dé xudt, cac tac gia da thli nghiém tinh ngudng
dao dong tin cay cta phu tai d4u nguodn tai tram
110/22kV ctia mot LDPP Cu Chi, dugc thé hién trong
Hinh 13. Theo d6, b dii liéu phu tai qua khi dugc thu
thap va ddnh gid v6i 13 mtic d¢ tin cdy khéc nhau dé
xac dinh muic d¢ tin cdy nao sé phtt hgp nhat trudc khi
dua vao mo6 hinh du bdo SVM, LSTM-RNN va ANN.
Két qua sai s6 MAPE ting v6i tling muic d0 tin cdy ctia
bo dii liéu phu tai dugc thé hién trong cic Bang 1 va
Bang 2. Qua d6, két qua tinh todn cho thdy 46 tin
cdy ctia bo dii liéu phu tai tuong ting v6i cac mo hinh
SVM, LSTM-RNN va ANN lan lugt la 97%, 90% va
93%. Tuong tu, két qua ctia phuong phap xac dinh
LPCI dé xuét dd loai bo nhiing dii liéu gay nhiéu (hodc
dit liéu bat thudng) trong bo dii liéu goc d€ cai thién
do tin cy ctia két qua du bao phu tai so v6i khi khong
sti dung bo loc dii liéu.

Trong Bang 3, phuong phép xac dinh LPCI dugc dé
xudt cho két qua vé MAPE vugt troi so v6i khi khong
st dung bo loc sau khi thyc hién dy bédo bing ba mo
hinh SVM, LSTM-RNN va ANN (v6i m6 hinh SVM
la 8,685%, mo hinh LSTM-RNN 1a 8,28% va mo6 hinh
ANN 14 12,82%). Hinh 13 thé hién di liéu phu tai
thu thép thuc té trén mot LDPP Cu Chi, Tp. H6 Chi
Minh thong qua hé théng RTMS cung véi dii liéu dy
bdo xudt ti phuong phép xac dinh LPCI ti tht Hai
dén thid Bay. Cu thé, Hinh 13a, Hinh 13b va Hinh 13¢
1an lugt hién thi d6 thi phu tai cta bo dit liéu thuc t&
so sanh vdi di liéu dugc du bdo theo mo6 hinh SVM,
LSTM-RNN va ANN. Cic md hinh SVM, LSTM-
RNN va ANN dugc huén luyén véi bo di liéu phu
tai dugc thu thip trong khoang thoi gian 18 thang (tu
01/03/2018 dén 31/06/2019) dé du bao cho hai thang
tiép theo (thang 07/2019 va thang 08/2019). Quan sat
Hinh 13a, Hinh 13 b va Hinh 13c, c6 thé thdy ring,
do thi phu tai du bdo tit mé hinh LSTM-RNN bam
sat v6i do thi phu tai thuc té hon so v6i hai mo hinh
SVM va ANN. Nhu vay, v6i mtc d9 tin cay ctia b di
liéu 13 90%, két qua du bao st dung m6 hinh LSTM-
RNN t6t hon so v6i md hinh SVM va ANN. Cu thé,
gia tri MAPE (%) tif mo hinh LSTM-RNN la 8,28%,
nho hon khi so sanh v6i MAPE (%) ctia hai m6 hinh
SVM va ANN 1 8,685% va 12,82%. Diéu nay cho thiy
néu bo dit liéu géc da c6 dang tryc quan ctia phan
phoi chudn thi két qua du bdo phu tai ngay thuong
dua vao mo hinh LSTM-RNN sé t6t hon so vdi hai
md hinh dy bdo SVM va ANN khi 4p dung phuong
phép xac dinh LPCI dugc dé xuat. Tuong tu, Hinh 14
va Hinh 15 clng thé hién két qua du bdo theo ba mo

hinh SVM, LSTM-RNN va ANN; Trong d6, Hinh 14
thé hién di liéu phu tai dy bdo tii Thi Bay dén Chu
Nhat va Hinh 15 thé hién dit liéu phu tai du bdo tu
Chu Nhat dén Thit Hai. V6i d6 tin cdy di liéu 92%,
50 liéu dy bao phu tai cho cac ngay cudi tudn ctia mod
hinh LSTM-RNN bédm sét véi thuc t€ hon so véi mo
hinh SVM.

Két qua xac dinh ngudng dao déng dién
ap va phan tich dong dién ngin mach trén
LDPP 22kV c6 tich hop DG

Mot LDPP 22kV ¢6 tich hgp nguén DG dugc su
dung d€ m6 phong va ching minh tinh hiéu qua cta
phuong phap xac dinh LPCI va phuong phap AF-
SCC dugc dé xuit khi d4p dung vao viéc phan tich
ngdn mach. Quan sit Hinh 16, cic mdy cit, re-
closer va thiét bi déng/cit co tai (LBS) déu cé kha
ndng cung cdp thong tin vé di liéu phu tai ctia tling
phén doan trén tuyén day délam co s cho viéc phan
tich trao Iuu cong suét, nhu dugc trinh bay tai Muc
Phuong phdp gidi bai todn dong cong sudt. Sau khi
stt dung cac mo6 hinh du bdo SVM, LSTM-RNN va
ANN dé xdc dinh ngudng dao dong phu tai; tiép
theo, khoang gid tri tin cdy cta dong dién phu tai
[Iload_l_minaIload_l_max} trén tu}’én déy trong Hinh 16
dugc xac dinh (luu y, I=1...5, tlc c6 5 phu tai trén
toan tuyén day). Ngudng dao dong tin cdy ctia dién
ap nat, [Vi min, Vi max)> i=1...4, tdc tit Nut 01 dén
Nut 04, va khodng tin cay ctia dong dién ngdn mach
[InmeBBVLmin s ]nmeBBVifmax] ,v6ii=1...4, dugc quan
sat boi cac TBBV trén ludi tuong ting véi tiing dang su
0 sé lan lugt dugc tinh todn bing phuong phap phan
b& dong cong sudt LU va phuong phédp phan tich ngén
mach cai tién (goi 1a AFSCC nhu cho biét trong Muc
Phuong phép xdc dinh téng dong dién ngin mach
dugc quan sit bdi cac thiét bi bao vé). Két qua tinh
todn ngudng dao déng tin cdy [[loadJJnin ) IloadJanc}
va [Vi_min,Vi_max) 14n lugt dugc thé hién trong Bang 4
va Bang 5. Hon nia, viéc tinh todn khoang gid tri
ngén mach [InmeBBViJnimInm?TBBVLmax] trén tuyén
day nay dugc thuc hién & hai ché d¢: i) nguén DG
hoat dong hoa luéi va ii) nguén DG hoat dong tach
luéi, nhu dugc trinh bay tai Bang 6 va Bang 7.

S6 liéu trong Bang 4 cho biét cic khoang gia tri dong
dién phu tai trén tuyén day ting v6i ba mé hinh dy
bao SVM, LSTM-RNN va ANN & cac mtic 4 tin cay
(CI-confidence index) t6t nhét. C6 thé thiy rang, doi
v6i bo dit liéu qud khi cta tuyén déy nay, sau khi Ging
dung phuong phép x4c dinh LPCI, m6 hinh SVM cho
két qua tdt nhat. Thét véy, tuy sai s6 MAPE (%) cua
ca ba mo6 hinh gén bing nhau, nhung mé hinh SVM
chi loc khoang 3% dii liéu; trong khi d6, s6 lugng dit
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Bang 1: K&t qua MAPE (%) cta dif liéu phu tai tuong ting véi 13 muc dd tin cdy khac nhau

M6 hinh/Mic do tin  90% 91% 92% 93% 94% 95% 96%
cay

SVM 9,129 9,138 9,043 8,994 8,991 8,838 8,724
LSTM-RNN 8,280 8,351 8,357 8,524 8,436 8,365 8,331
ANN 17,528 16,839 15,947 12,820 14,382 14,488 13,635

Bang 2: K&t qua MAPE (%) cta dif liéu phu tai tuong ting véi 13 muc dd tin cdy khac nhau (tiép theo)

Mo hinh/Mtic d6 tin cay 97% 98% 99% 99,73% 99,99366% 99,99932%
SVM 8,685 8,712 8,929 8,942 8,854 8,703
LSTM-RNN 8,454 8,420 8,495 8,460 8,706 8,668
ANN 22,309 19,635 16,543 13,712 21,971 14,855

Bang 3: Két qua MAPE (%) cia ba mé hinh du bdo SVM, LSTM-RNN va ANN khi c6 bé loc va khéng ¢6 bé loc

Mo hinh du béo tuong ting véi miic d6 tin  Khong diing bo loc Phuong phap xac dinh LPCI d€ xuat v6i muic
céy tot nhat do tin cdy tot nhat

SVM (97%) 9,215 8,685

LSTM-RNN (90%) 8,798 8,280

ANN (93%) 17,111 12,820

Bang 4: Két qua du bao dong dién phu tai t8i thiéu va tsi da trén toan tuyén day theo 03 mé hinh SVM,
LSTM-RNN va ANN

Khoang gia tri tin cdy ctua dong dién phu M0 hinh du béo dii liéu dong dién phu tai
tai

SVM (chi s6 tin cdy CI ~ LSTM-RNN (chis6tin ~ ANN (chi s6 tin ciy

=97%) cay CI = 90%) CI = 93%)
Tioad 1 min(A) 100,242 107,809 107,934
Tioad_t_max(A) 46,363 45,967 40,664

Bang 5: Két qua tinh toan ngudng dao déng dién ap nut trén mét LBDPP 22KV ¢6 tich hgp DG

Nut bién 4p 16n nhat, V; e (kV), tuong Gng v6i  Dién dp nhd nhét, V; ,in(kV), tuong dng véi
lioad_i_min li0ad_i_max
Mo hinh dy bao Mo hinh du bao
SVM LSTM ANN SVM LSTM ANN
01 21,732 21,729 21,742 21,590 21,574 21,574
02 21,781 21,780 21,798 21,581 21,561 21,561
03 21,840 21,838 21,868 21,519 21,481 21,481
04 21,856 21,857 21,886 21,526 21,487 21,487
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Data Monday - Satday using proposed filter on SWM with 97% confidence level

——— Artual
= Forecast from SWM model without filters
—+— Forecast from SVM model with filters

a) Két qua du bao phy tai tir mo hinh SVM

Data Monday - Satday using proposed filter on LSTM with 90% confidence level

120

—— Actual
-~ - Forecast from LSTM model without filters
@ = —+— Forecast from LSTM model with filters

b) Két qua du bao phu tai tir mé hinh LSTM-RNN

Data Monday - Satday using proposed filter on ANN with 93% confidence lewel

160 4 —— Actual
——- Forecast from ANN model without filters j 1
—+— Forecast from ANN model with filters a ]

140

100

¢) Két qua du bio phy tai tir mé hinh ANN

Hinh 13: K&t qua du bdo phu tai t Thir Hai dén Thit Bay tira) mé hinh SVM; b) mé hinh LSTM-RNN; va ¢) mé hinh
ANN
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Data Satday - Sunday using proposed filter on S¥YM with 97% confidence level

120 { —=— Actusl
— =~ Forecast from SWM model without filters
—+— Forecast from SWVM model with filters

100

B0

&0

40

0

]

L] 0 0 0 B0
A 1 r R . 3
a) Két qua dy bdo phu tai tr md hinh SVM
Data Satday - Sunday using proposed filter on LSTM with 90% confidence level
100
a0
&0
20
0
—a— Actual
Forecast from LSTM model without filbers
@ 4 —— Forecait from LSTM model with filters

(] 20 40 (=) B0

b) Két qua dir bao phu tai tit m6 hinh LSTM-RNN

Data Satday - Sunday using proposed filter on ANN with 93% confidence level

AT
=== Forecast from ANN model withowt filters ’!
—— Forecast from ANN model with filters

1&0

140

120

100

¢) Két qua du bao phu tai tir mé hinh ANN

Hinh 14: Két qué du béo phu tai tit Thit Bdy dén Cha Nhat dua trén a) mé hinh SVM; b) mé hinh LSTM-RNN va ¢)
mo hinh ANN
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Data Sunday - Monday using proposed filter on SVM with 97% confidence level

—a— Ariual
==~ Forecast from SV maodel without filters
—+— Forecast from SV model with filters

o 0 a0 60 a0

a) Két qua dw bdo phu tai tir mé hinh SVM

Data Sunday - Monday using proposed filter on LSTM with 90% cenfidence level

—s— Agtual
=== Forecast from L5TM model without filters.
e FereCadt ifam LSTM madel with filbers

o m a0 (=] B

b) Két qua du bio phu tai tir mé hinh LSTM-RNN

Data Sunday - Monday using proposed filter on ANM with 93% confidence level

== Actusl
— == FOfecast from ANN model without Hners
—+— Fofecast from ANN madel with filters

120 4

110 4

¢) Két qua dw bdo phu tai tir md hinh ANN

Hinh 15: K&t qua du bao phu tai tr Cht Nhat dén Thi Hai dua trén a) mé hinh SVM; b) mé hinh LSTM-RNN va c)
mé hinh ANN
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Hinh 16: Mot LDPP 22KV c¢6 Idp dat ngudn DG tai cudi phat tuyén va cac thiét bi dong cat cé tich hgp TBBV

liéu can dugc loc d€ c6 thé cho két qua MAPE tdt nhét
d6i v6i hai mo hinh LSTM-RNN va ANN lan lugt la
10% va 7%. Theo d6, két qua vé ngudng dao dong
tin cdy ctia phu tai dugc xdc dinh bang mé hinh SVM
sé dugc sti dung d€ xac dinh ngudng dao dong tin cay
ctia dién ap tai cac nut trén mot LDPP ¢6 tich hgp DG,
nhu cho biét trong Bing 5. Tiép theo, thong qua viéc
dp dung phuong phap phén tich ngdn mach cai tién
(con dugc goi la AFSCC), ngudng dao dong ctia dong
dién ngan mach [Lin_7BBVi_mins lun_TBBVi_max] dugc
quan sat bgi cdc TBBV trén LDPP l4n lugt dugc thé
hién trong cdc Bang 6 va Bang 8. Bén canh do, Bang 7
va Bang 9 l4n lugt cho biét sy anh hudng cta dong
dién ngdn mach dong gép bdi ngudn ludi va ngudn
RBDG & ché d) hoat dong tach ludi va hoa luéi dua
trén ma tran hé s6 [K].

Xét su c6 xdy ra tai vi tri F1, quan sat Bang 6 va Bang 8,
khoang gia tri dong dién ngin mach tham gia vao
su ¢6 do nguén ludi dong gop da giam di khi ngudn
DG hoat dong hoa vao luéi dién phan phdi. Cu thé,
ngudng dao dong cua dong dién ngidn mach khi DG
hoat dong néi ludi 1a [12,29 ; 12,37], thdp hon so
v6i ngudng dao dong cua dong dién ngin mach khi
DG hoat dong tach ludi la [12,94 ; 13,03]. Mat khéc,
khoang gid tri tin cdy cta dong dién ngin mach ti
ngudén DG tham gia vao sy ¢4 F1 dugc quan sat bai
CB1, CB2, REC1, REC2 va REC3 da dugc xac dinh
thong qua phuong phap AFSCC. Theo d6, nhiing gia
tri dong dién ngdn mach nay c6 thé dugce stt dung dé
diéu phdi cho nhiing TBBV trén LDPP nhim dam béo
tinh phéi hop va d6 tin cy ctia hé théng bao vé. Trong
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Bang 7 va Bang 9, c6 thé thiy ring, hé s§ anh hudng
kyi ludn ndm trong khoang [0,1]. Khi k,; tiém cén gid
tri 0, cic TBBV gan nhu khéng bi anh hudng béi cac
dong dién ngan mach xuét hién trén LDPP. Trong khi
do, néu k,; tiém can gia tri 1 thi mang y nghia la cac
TBBV nam rét gan vi tri xdy ra su ¢6. Theo két qua mo
phong, khi su ¢6 xay ra tai vi tri F1, hé s6 anh hudng
kpG_cp2 cho thdy vi tri sy ¢6 ndm réit xa CB2, trong
khi hé s6 anh huéng kpg cp; da thé hién sy c6 nim
rit gan CBI.

Nhin chung, phuong phép phan tich ngan mach cai
tién (AFSCC) da dugc két hgp thanh cong v6i phuong
phép xdc dinh LPCI d€ c6 thé tinh todn nhanh chéng,
tu dong va chinh xac khodng gia tri tin cay cia dong
dién ngan mach trén mot LDPP c¢6 tich hgp ngudn
DG. Mit khdc, ma trdn hé s6 anh hudng [K] dugc
thanh lap d€ luu tri vao hé thong RTMS nhdm lam
ngudn dit liéu phuc vu cho viéc phén tich ngan mach
online khi trang thai hoat dong ctia ngudén DG hoic
cdu truc ctia LDPP bj thay d6i. Khong nhiing thé, két
qua phén tich ngdn mach béng phuong phap AFSCC
c6 thé 1am co s cho viéc diéu phdi cac TBBV trén
LDPP c6 tich hgp cac nguén DG.

KET LUAN

Nghién cttu nay da dé xudt cac phuong phép xéc dinh
LPCI dé€ loai bo cac dit liéu giy nhiéu va xdc dinh
ngudng dao dong tin cdy clia phu tai tuyén day trén
mot LDPP ¢6 tich hgp ngudén DG. Qua dd, ngudng
dao dong ctia dién ap tai cac nat cing nhu dong dién
ngin mach dugc quan sét béi cic TBBV trén LDPP
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Bang 6: K&t qua tinh toan ngan mach trén LDPP 22KV khi ngudn DG hoat ddng tach lugi (LBS1 & trang thai mé)

Khoang tin c4y ctia dong dién ngédn mach tinh toan (kA) tham gia b&i nguén ludi theo phuong phap AFSCC cho céc nut

tt 01 dén 04

Nut Dang ba pha cham dat Dang hai pha cham  Dang hai pha cham  Dang mét pha cham
dat nhau dat

01 [12,94 13,03] [12,93 13,01] [11,3311,4] [12,92 13,01]

02 (7,18 7,25] [7,17 7,24] [6,26 6,32] 7,17 7,24]

03 [4,98 5,05] [4,97 5,04] [4,33 4,4] [4,97 5,04]

04 [2,77 2,82] [2,77 2,81] [2,41 2,44] [2,77 2,81]

Bang 7: Hé s8 anh huéng ctia dong dién ngan mach do nguén luéi va nguén RBDG déng gép dén cac TBBV trén
LDPP 22KV, trong khi nguén DG hoat ddng tach luéi (LBS1 & trang thai mé)

TBBV Céc vi tri tinh todn ngdn mach trén LDPP khdo sit
F1 F2 F3 F4
(Vi tri rat st vi REC1) (Vi tri rdt sat v6i (Vi tri rdt sat voi (Vi tri rdt sit voi
REC2) REC3) LBS1)
CB1 1,00 0,56 0,39 0,21
REC1 0 1,00 0,69 0,39
REC2 0 0 1,00 0,56
REC3 0 0 0 1,00
CB2 0 0 0 0

Bang 8: K&t qua tinh toan ngan mach trén LDPP 22KV khi nguén DG hoat déng néi luéi (LBS1 & trang thai déng)

Khoang tin c4y ctia dong dién ngédn mach tinh todn (kA) tham gia b&i nguén ludi theo phuong phap AFSCC cho céc nut
tit 01 dén 04

Nut Dang ba pha cham dat Dang hai pha cham dat Dang hai pha cham Dang mot pha cham
nhau dat

01 [12,29 12,37] [12,28 12,36] [10,76 10,83] [12,28 12,36]

02 (6,82 6,89] [6,81 6,88] [5,95 6,00] [6,81 6,87]

03 [4,73 4,80] [4,72 4,79] [4,11 4,18] [4,72 4,79]

04 [2,63 2,67] [2,63 2,67] [2,29 2,32] [2,63 2,67]

Khoang tin cay cia dong dién ngan mach tinh toan (kA) tham gia b&i nguén RBDG theo phuong phédp AFSCC cho céc
nut tit 01 dén 04

Nut Dang ba pha cham dt Dang hai pha cham dat Dang hai pha cham  Dang mot pha cham
nhau dat

01 [1,74 1,75] [1,73 1,74] [1,51 1,52] [1,73 1,74]

02 [1,93 1,95] [1,92 1,94] [1,68 1,69] [1,92 1,93]

03 [2,192,22] [2,18 2,21] [1,90 1,93] [2,17 2,20]

04 [3,31 3,36] [3,30 3,35] [2,89 2,93] (3,29 3,34]
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Bang 9: Hé s8 anh huéng ctia dong dién ngan mach do nguédn luéi va nguén RBDG déng gép dén cac TBBV trén
LDPP 22KV, trong khi nguén DG hoat déng ndi lugi (LBS1 & trang thai déng)

TBBV Céc vi tri tinh todn ngdn mach trén LDPP khéo sét
F1 F2 F3 F4
(Vi tri rdt sat vSsi (Vi tri rdt sat voi (Vi tri rdt sat véi (Vi tri rat sat véi
REC1) REC2) REC3) LBS1)
i) Khi xem xét su anh huéng ciia nguon luéi dén cac TBBV
CB1 1,00 0,56 0,39 0,21
REC1 0 1,00 0,69 0,38
REC2 0 0 1,00 0,55
REC3 0 0 0 1,00
CB2 0 0 0 0
ii) Khi xem xét su anh huéng ciia nguén RBDG dén cac TBBV
CB1 0 0 0 0
REC1 1,00 0 0 0
REC2 0,88 1,00 0 0
REC3 0,58 0,66 1,00 0
CB2 0,29 0,33 0,49 1,00

lan lugt dugc xdc dinh bang viéc giai bai todn trao
luu cong sudt va phan tich ngan mach theo phuong
phép cai tién AFSCC. Nhiing két qua mé phong dugc
cac tac gia thu thap tu viéc st dung cong cu LPCI tu
phét trién va chuong trinh E-terra Distribution da cho
théy su hiéu qua trong viéc xdc dinh khodang gia tri
tin cdy cta dong dién ngin mach dugc quan sit boi
cac TBBV mot cach nhanh chong, tu dong va chinh
xdc, bén canh viéc xem xét ddy du cac déc tinh van
hanh P2P va P&P ctia cdc ngudn DG. Két qué phan
tich ngan mach bing phuong phdp AFSCC c6 thélam
6 sG cho viéc diéu phdi va cai dit ty dong cac ngudng
dong/cat d6i véi cac TBBV trén luédi dién phan phdi
c6 tich hgp cac nguoén DG.

DANH MUC CAC TU VIET TAT

AFSCC: Automatical and Fast Short-Circuit Calcula-
tion - Phuong phép tinh todn dong dién ngin mach
nhanh va tu dong;

ANN: Artificial Neural Network - Mang no-ron nhan
tao;

CI: Confidence index

DG: Ngudn dién phén tén - Distributed Generator;
FCL: B¢ han ché dong dién - Fault Current Limiter;
IBDG: Nguén dién phan tdn c6 inverter — Inverter
Based Distributed Generator;

LBS: Load Break Switch - Thiét bi déng cat c6 tai;
LDPP: Luéi dién phéan phdi;
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LPCI: Load Power Confidence Interval - D¢ tin ciy
ngudng dao dong phu tai;

LSTM-RNN: Long Short Term Memory - Recurrent
Neural Network — Mot dang m6 hinh mang no-ron
héi quy va c6 kha néng ghi nhd;

LVRT: Ché d¢ vugt qua dién 4p thdp — Low Voltage
Ride Through;

MAPE: Mean Absolute Percentage Error - Phan tram
sai s6 trung binh tuyét doi.

MG: Microgrid - Luéi dién quy mé nho;

P&P: Plug and Play — Dac tinh van hanh thé hién vi tri
ldp dét cia nguon phat phéan tdn trong ludi dién phan
phdi;

P2P: Peer to Peer — Dic tinh van hanh thé hién co
ch& két néi ctia cia nguodn phat phén tan véi luéi dién
phén phéi;

PDF: Probability Density Function - Ham mét d6 xac
suat;

RBDG: Nguoén dién phén tan chiia thanh phin quay
- Rotating Based Distributed Generator;

REC: Recloser - Thiét bi Recloser;

RTMS: Hé thong gidm sat va di€u khién tit xa - Real-
time Management System;

SVM: Support Vector Machine - Mot dang mo6 hinh
may hoc;

TBBYV: Thiét bi bdo vé - Protective Devices;
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PONG GOP CUA CACTACGIA
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ABSTRACT

Integration of distributed generators (DGs) into a distribution network (DN) can impact on the re-
liability operation and stability of protection systems. Depending on DG types, their installed lo-
cations, and operation states, fault current values in the distribution network can be significantly
changed such that protective devices can inaccurately operate. Traditional fault analysis methods
have not considered the presence of distributed generators and their operation characteristics, bi-
directional power flows and change in bus-voltage values in the DN. Therefore, improvement of
fault current calculation methods is necessary to fast, automatically and accurately determine fault
current values in the DN with distributed generators. Hence, this paper develops an improved
fault analysis method based on bus-voltage thresholds determination for distribution networks
with DGs. The bus-voltage thresholds can be evaluated by determining load power confidence
intervals (LPCl), and fault current thresholds will be then calculated in the DN with DGs. Based on a
developed LPCl calculation tool and E-terra distribution software, achieved simulation results have
validated the effectiveness of fault analysis method based on bus-voltage thresholds for distribu-
tion networks in case of considering types, locations and operation states of various distributed
generators.
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fault analysis
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	GIỚI THIỆU 
	PHƯƠNG PHÁP PHÂN TÍCH NGẮN MẠCH CẢI TIẾN CHO LĐPP CÓ TÍCH HỢP CÁC NGUỒN DG
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