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NGHIEN CUU SU DUNG THIET BI TCPAR PIEU KHIEN DONG CONG SUAT
PE HAN CHE QUA TAI TREN PUONG DAY TRUYEN TAI 220KV
THUQC HE THONG PIEN MIEN BAC VIET NAM
A STUDY ON THE USE OF TCPAR DEVICE TO CONTROL CAPACITY LINE TO LIMIT

OVERLOADING SITUATION ON 220 KV TRANSMISSION LINE
OF THE POWER SYSTEM IN NORTHERN VIETNAM

Ngd Vin Duéng
Dai hoc Pa Nc?ng; Email: nvduong@ac.udn.vn

Téom tat: Cac dwong day truyén tai dién thudc hé thdng dién
(HTD) Viét Nam trai dai khap dat nwéc dé két ndi cac nha may
dién va cac HTD khu vyc v&i nhau. Cac nha may dién va phu tai
tiéu thy dién cla cac khu viee khac nhau cho nén trao lwu cong
suét trong hé thong thweng xuyén thay doi, két qua co mot sé
duong day truyén tai b qua tai trong ché dd nay nhwng lai non
tai & ché do khac va & cung mét ché dd van hanh thi cé dwong
day bi qua tai nhwng dwdong day khac lai non tai. Bai bao trinh
bay két qua tinh toan phan tich cac ché do lam viéc ctia HTD
mién Bac Viét Nam va dé& xuét mét sé gidi phap khac phuc tinh
trang qua tai trén cac duwong day truyen tai dién 220kV. Trong do
glal phap st dung thiét bj TCPAR lap dét trén dwong day la hiéu
qué nhat, cho phép diéu khién linh hoat dong cong suét truyén tai
trén duong day theo ché do van hanh, thoi gian thi cdng nhanh
han ché dwoc thdi gian ngirng cung cap dién.

Tir khoa: Duong day truyén tai; hé théng dién mién Bac Viét
Nam; nha may dién; qua tai; thiét bj TCPAR.

1. Pit van dé

Dé dap tng nhu cau tiéu thy dién ngay cang ting,
cung véi sy phat trién hé thong truyén tai di¢n 500kV, hé
thong truyén tai 220kV thudc HTD Viét Nam ciing phat
trién nhanh chéng ca vé chiéu dai duong day va sé lwong
tram bién ap (TBA). Theo Quy hoach phat trién dién lec
qudc gia giai doan 2011-2020 c6 xét dén nam 2030 (Quy
hoach dién VII), giai doan 2011-2015 dwong day truyén
tai 220kV xay dung thém 4.916km trong d6 mién Bic
1.623km, mién Trung 1.719km, mién Nam 1.574km, dua
téng chiéu dai dwong day 220kV 1én 13.413km. HTD
220kV dam nhan truyén tai lugng céng suat 1on tir duong
day 500kV dén cac khu vuc, bén canh cac nhanh hinh tia
dua dién dén cac ho phu tai & xa, con hinh thanh nhiéu
mach vong kin. Cong suét cuc dai cia HTD dén nim
2015 la 30.803 MW, cbng suat cuc dai mién Bic
13.111MW, mién Trung 3.269MW, mién Nam
15.831MW [1]. Qua d6 cho thdy dinh phu tai cia 3 mién
khéng tring nhau, cong véi cong suat cac nguon phat
ciing thuong xuyén thay ddi, dac biét la cac ngudn thiy
dién (phu thudc lwong nuéc v&), dan dén trao luu cong
suit trong hé théng thuong xuyén thay ddi. Két qua la
cong suat trén cac duong day truyén tai co su thay doi l6n
theo ché d6 van hanh, dan dén co6 mét sb duong day
truyén tai (thuong la duong day 220kV) bi qua tai trong
ché do nay nhung lai non tai & ché do khac va & cang mot
ché d6 van hanh thi co duong day bi qua tai nhung duong
day khac lai non tai. Béi véi cac mach vong kin, c6 thé sir

Abstract: The network of electric transmission lines of Vietham
Power System is spreading over the country to connect power
plants and power systems in different regions together. Due to the
different properties of power plants and electric consumption
additional charges of different areas, the capacity trend in the
system frequently changes ang this results in overloading
situation in some transmission lines in this mode but under-
loading in other modes. Besides, in the same mode of operation,
some lines are overloaded but others are under —loaded. This
paper presents the results of calculation and analyzing in the
working modes of the power system in Northern Vietnam and
proposes some solutions to fixing the overloading situations on
the 220 kV power transmission lines, in which, the use of TCPAR
device installed on transmission line is the most efficient solution,
which allows flexible control of capacity transmitted on line
according to working modes and fast execution time that helps
to limit power outage.

Key words: Transmission line; the power system in Northern
Vietnam; power plan; overloaded; thyristor controlled phase angle
regulator

dung cac thiét bi FACT dé didu khién chuyén cong suét tir
duong day qua tai sang duong day non tai. Cong suit tac
dung truyén tai trén duong day P = U3U2/X12.Sinds [2],
trong truong hop nay thiét bi TCPAR (Thyristor
Controlled Phase Angle Regulator) cho phép diéu khién
goc truyén tai cong suét 812 dé diéu khién dong cong suat
truyén tai trén duong day.
2. CAu tao, nguyén Iy lam viéc va md hinh tinh toin
caa TCPAR

Cau tao cua thiét bi TCPAR nhu trén hinh 1 gdm 2

nhanh: nhanh song song c6 MBA diéu chinh va nhanh ndi
tiep c6 MBA bo tro.

Nhanh

ndi tiép I‘\r/nﬁ\r;ig”c
am vié

Nhanh

Hinh 1. So d6 nguyén Iy cdu tao

MBA diéu chinh ldy ndng luong tir h¢ thong cung cap
cho bo diéu khién (thyristor controller) va théng qua
MBA bd tro dé ap dit dién ap Uy ndi tiép trén duong day.
TCPAR cho phép diéu khién dién ap Uy dé thay ddi goc
lech pha o giita 2 dién ap U, va U, [3]. Bang cach diéu
khién goc léch pha cua vécto dién ap cho phép st dung
TCPAR dé diéu khién trao luu cong suit truyén tai trén
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duong day.

Tur nguyén I)’g Iém viéc cua TCPAR da xéy dung duoc
mo hinh thay thé dé tinh toan phén tich hé thong dién khi
¢6 lap dat TCPAR nhu hinh 2 [4,5].

S
=

Nt i Nit j

PiTCPAR + jQiTCPAR PjTCPAR + ijTCPAR

Hinh 2. M6 hinh tinh todn
Trong do:
Pircpar = bsViVj[sin(8; — &) — sin(6; — §; — )]
Pircpar = —bsViV;[sin(6; — ;) — sin(8; — &; — )|
-[cos(&- -6+ a) - cos(di - 6]-)

Qircrar = bseViVJ
Qjrcpar = —bseViV}-[cos(é‘i -6+ a) - cos(Si - 8]-)]

Vi bse = 1/Xse

Trén co s¢ mo hinh tinh toan c6 thé xay dung so do
thuat toan tinh toan phan bo trao luu cong suat trong HTD
khi cé lap dat thiét bi TCPAR trén duong day nhu hinh 3.
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3. Ap dung tinh toan lip dit TCPAR dé han ché qua
tai trén dwong day truyén tai 220kV thudc Hé théng
dién mién Béc Viét Nam

3.1. Tinh todn cdc ché dé vgn hanh cia Hé théng
di¢n mién Bic Viét Nam (HTPMBVN)

S6 ligu sir dung tinh toan phén tich cac ché do lam
viéc cia HTPMBVN lay theo tong so dd VII giai doan
2015, so dd h¢ thong dién nhu hinh 4[1]. Sir dung phan
mém CONUS dé tinh toan, két qua cho thiy cé mot sb
ché d6 dan dén cac duong day 220kV trong mach vong
Hoa Binh-Ha Pong-Xuan Mai (HHX) bi qua tai, do 13
truong hop tng véi ché d6 cao diém, cong suat truyén
vao mién Nam trén duong day 500kV Ha Tinh-Pa Ning
la 720MW, cbng suat phu tai cac TBA 220kV tir (50-
70)% cbng suét cuc dai, cong suat cac nha may trén 50%
cong suat dinh mic. Cu thé nhu sau:

Ché ds 1: Cong suat mot sb nha may va phu tai trén
thanh gop 110kV cua cac TBA 220kV gan mach vong
HHX nhu bang 1, két qua dong dién trén cac duong day
nhu hinh 5.

Xuan  Me

Hinh 5. Trao heu céng sudt trén mach vong HHX & ché ds 1

Bdng 1. Cong sudt nguon, tdi va dong dién ché dg 1

NM Hoa Binh PIMW] 1.400
NM Pha Lai PIMW] 614
PIM 337
TBA Cheém (MW]
Q[MVar] 163
P[M 506
TBA Ha Dong [MW]
Q[MVar] 245
PIM 67
TBA Xuén Mai (MW]
Q[MVar] 32
Duong day buong day buong day
H.Binh- H.Binh- X.Mai-
H.Pong X.Mai H.Pong
[A] [A] [A]
I Icp I Icp I Icp
821 810 691 810 497 690

Qua d6 cho thay duong day 220kV mach kép Hoa
Binh — Ha Bong dang bi qua tai.

Ché dp 2: Cong suat mot s nha may va phu tai cua
cac TBA 220kV gan mach vong HHX nhu bang 2, két
qua dong dién trén cac dudng day nhu hinh 6.

Bdng 2. CONng sudt nguon, tai va dong dién ché dg 2

NM Hoa Binh P[MW] 1.400
NM Pha Lai P[IMW] 373
P[M 225
TBA Chém [MW]
Q[MVar] 109
P[M 337
TBA Ha bong (MW]
Q[MVar] 163
P[M 213
TBA Xuéan Mai [MW]
Q[MVar] 103
Puong day Puong day Puong day
H.Binh- H.Binh- X.Mai-
H.Pong X.Mai H.Bong
[A] [A] [A]
I ICp I Icp I ICp
740 810 857 810 210 690

Hinh 6. Trao liwu cong sudt trén mach vong HHX & ché dg 2

Qua do cho thay duong day 220kV Hoa Binh — Xuan
Mai dang bi qua tai.

3.2. Cdc gidi phdp hen ché qud tdi tén dwong day
truyen tdi

Qua nghién ctu cac giai phap han ch{: qua tai trén cac
duong day truyeén tai trong HTD [2], dé khac phuc tinh
trang qua tdi trén cac duong day 220kV Hoa Binh-Ha
bong ¢ ché do 1 va Hoa Binh-Xuan Mai & ché @ 2 co
thé thuc hién cac giai phap sau:

Mgt la, diéu chinh cong suat phat cia cac nha may
dién d¢ thay doi trao luu cong suat trong h¢ HTD: Trong
che do 1 dieu chinh giam cong suat phat cua nha may Hoa
Binh xuong 1.200MW va tang cong suat phat cua nha
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may Pha Lai I&n 814MW, khi d6 dong dién trén duong
day Hoa Binh-Ha Dong 1a 766A va dong dién trén dudng
day Hoa Binh-Xuén Mai la 651A, nhu vay cac duong day
déu nam trong kha nang tai cho phép. Trong ché d6 2 cho
Hoa Binh phat 1.000MW va Pha Lai phat 773MW, khi do
dong dién trén duong day Hoa Binh-Ha Bong 1a 628A va
dong dién trén duong day Hoa Binh-Xuan Mai la 779A,
nhu vay cac duong day déu nam trong kha ning tai cho
phép.

Hai la, thay cac duong day 220kV Hoa Binh-Ha Dong
va Hoa Binh-Xuan Mai bang loai day dan c6 dong dién
cho phép 950A, khi d6 & ca 2 ché do dong dién trén cac
duong day déu nam trong kha ning tai cho phép.

Ba la, sir dung thiét bi TCPAR lép dat trén duong day
Hoa Binh-Xuan Mai dé diéu khién trao luu cong suat
trong mach vong HHX, chuyén cong suat tir duong day
qua tai sang duong day non tai.

3.3. Tinh toan ldp dit va diéu khién TCPAR dé han ché
qud tdi trén dwong day

Lép dat thiét bi TCPAR c6 Xse=10Q & dau duong day
220kV Hoa Binh-Xuan Mai vé phia Hoa Binh nhu hinh 7.
Str dung phan mém CONUS va thuat toan hinh 3 dé tinh
toan xac dinh gia tri goc pha o cia TCPAR dé diéu khién
trao luu cong suit trong mach vong HHX nhim khic
phuc tinh trang qua tai trén cac duong day, két qua nhu
sau:

a. Ché do 1: O ché do nay sau khi Iip TCPAR trén
duong day Hoa Binh-Xuan Mai, tng vai gia tri goc pha
a=0° dong dién trén duong day Hoa Binh-Ha Déng la
852A (Inn=852A), dong dién trén duong day Hoa Binh-
Xuan Mai 12 551A (I4x=551A), dong dién trén dudng day
Xuén Mai-Ha Doéng 1a 355A (Ixy=355A) hinh 7, duong
day Hoa Binh-Ha Déng dang bi qua tai.

Hinh 7. Trao heu céng sudt trén mach vong HHX
& ché dg 1 khi diéu khién TCPAR dé o=0°

Diéu khién TCPAR dé goc pha dat gié tri a= -6,5°, khi
d6 dong dién trén cac duong day s€ la 1un=808A,
lux=797A, 1x4=606A hinh 8, nhu vay dong dién trén cac
duong day déu nam trong kha nang tai cho phép.

Mcri

ALan

Hinh 8. Trao lwu cong sudt trén mach vong HHX
& ché do 1 khi diéu khién TCPAR dé o=-6,5°
b. Ché @5 2: O ché d6 nay néu giir nguyén gia tri goc
pha cia TCPAR o= -6,5° thi dong dién trén cac duong
day s€ la 1uu=705A, 14x=847A, Ixn=417A hinh 9, duwong
day Hoa Binh-Xuan Mai dang bi qua tai.

Hinh 9. Trao heu cong sudt trén mach vong HHX
& ché dg 2 khi goc pha ciia TCPAR o=-6,5°
Piéu khién TCPAR dé goc pha dat gia tri o= -1°, khi
do dong dién trén cac duong day s€ la Iun=753A,
lux=714A, 1x4=84A hinh 10, nhu vay dong dién trén cac
duong day déu nam trong kha ning tai cho phép.

Hinh 10. Trdo luwu céng sudt trén mach vong HHX
& ché dé 2 khi diéu khién TCPAR dé a=-1°

4. Nhan xét
Hg thong cac duong day truyén tai dién thugc HTD
Viét Nam trai dai khap dat nude dé két noi cac nha may
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dién va cac HTD khu vuc véi nhau. Do tinh chit cua cac
nha may dién va phu tai tiéu thy dién cuaa cac khu vuc
khic nhau cho nén trao luu cong suat trong h¢ thong
thuong xuyén thay doi, két qua xuat hién mot sé dwong
day bi qua tai, can phai co giai phap khic phuc.

Giai phap diéu chinh cong suit phat cua cac nha may
dién dé diéu khién trao luu cong sudt nham han ché qua
tai trén duong day nhiéu truong hop khong thuc hign
dugc. Nhu doi v6i nha may thuy dién Hoa Binh dang
trong mua mua néu giam cong suat phat thi phai xa tran
dan dén lang phi nuéc, con trong mua kho thi khong thé
tang cong suét phat dugc.

Giai phéap cai tao nang cap duong day mot mat can
thém vén dau tu, mat khac phai ngung cung cap dién
trong thoi gian thi cong dai va nhiéu truong hop do diéu
kién thuc té khong thé thuc hién duoc.

Giai phap sir dung thiét bi TCPAR lip dat trén cac
duong day dé han ché qua tai cho cac duong day truyén
tai ¢6 nhiéu wu diém: Cho phép diéu khién linh hoat dong
cong suét truyen tai trén duong day theo ché do van hanh,
thi cong lap dat don gian, thoi gian thi cong nhanh han
ché duoc thoi gian ngimg cung cap dién.

5. Két luan

Qua phan tich nguyén ly lam viéc va mo hinh tinh
toan da xay dung duoc 'ghuat toan tinh toan diéu khién goc
pha cua TCPAR khi lap dat trén duong day. Su dung
thuat toan két hop véi phan mém tinh toan ché do xac lap

HTD, cho phép tinh toan phan tich cac ché do lam viéc
ciia HTD khi c6 ldp dat TCPAR trén duong day. Co thé
sir dung thuat toan nay dé xay dung thém modul tinh toan
lip dat va diéu khién TCPAR trong cac phan mém ma
nguon ma.

Qua két qua tinh toan lip dit TCPAR dé han ché qua
tai trén duong day 220kV thugc HTDDMBVN cho thay
kha nang diéu khién linh hoat trao luu cong suit theo ché
d6 van hanh cua thiét bi TCPAR. Trong qua trinh phat
trién HTD Viét Nam trong tuong lai, khi c6 xuat hién qua
tai trén cac duong day truyén tai trong cac mach vong
twong tw mach vong HHX, nén tinh toan st dung thiét bi
dich pha d¢ ldp dat va diéu khién trao luu cong suat han
ché qua tai cho duong day.
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	4. Nhận xét
	5. Kết luận
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