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Tom tat:

Bai bao thuc hién mo hinh héa va moé phong cac giai phap nham gidm thai gian déng lap lai ctia may cat
tu dong dong lai mét pha trén dudng day truyén tai dién 500 kV bang EMTP-RV. Trong nghién ctu c6 s
dung mo6 hinh hé quang nham thuc hién mé phdng déng hé quang dua trén phuong phap can bang nhiét
va ¢6 tinh dén gia tri dién ap danh thing U50% cuia dién méi khi. Hai gidi phap nham giam thai gian tén
tai clla hé quang thu cap dugc nghién ctu la st dung khang trung tinh bu ngang va dao déng cat nhanh
(HSGS) dat tai 2 dau dudng day. Cac giai phap cho phép giam thai gian dong lap lai tuong tng 1a 0,77 s va
0,2 s; dién ap phuc h6i TRV tuong ung la 58,3 kV va 14,8 kV khi s&t dung khang trung tinh va HSGS, dam bao
déng lai thanh cong SPAR. Két qua mé phdng véi mo hinh dé xuat cho phép quan séat qua trinh qua do ctia
dong dién, dién dp hé quang thi cap khi xay ra hién tugng ngadn mach mot pha trén dudng day truyén tai.

Tu khéa: M6 hinh déng hé quang; hé quang thi cap; may cat tu dong déng lai moét pha; dao déng cat
nhanh; khang trung tinh bu ngang.

Abstract:

This paper focuses on modeling and simulating solutions to reduce the reclosing time of single-phase
auto- reclosing (SPAR) circuit breakers on 500 kV transmission lines using EMTP-RV software. The dynamic
arc model simulates the phenomenon based on the thermal balance method, incorporating U50%
breakdown voltage of long air gap. This study investigates two approaches to reducing secondary arc
duration: (1) the employment of a neutral shunt reactor, and (2) the installation of high-speed grounding
switches (HSGS) at both ends of the line. The solutions reduce reclosing time to 0.77 s and 0.2 s, with
corresponding transient recovery voltages (TRV) of 58.3 kV and 14.8 kV for the neutral shunt reactor
and HSGS, respectively, ensuring successful SPAR operation. Simulation results demonstrate that the
proposed model allows observation of transient processes of current and voltage of the secondary arc
during a single-phase short-circuit on the transmission line.

Keywords: Dynamic arc model; Secondary arc; SPAR; HSGS; Neutral Shunt Reactor.
1.DATVAN DE cao 4p va siéu cao ap 1a cc su cd ngan mach
Puong day truyén tai dong vai tro quan trong maot pha thoang qua (Hinh 1) [1,2]. Do vay,
trong truyén tai dién nang. Trong qua trinh van nham nhanh chéng khoi phuc kha ning cung
hanh, phan 16n su ¢b trén dudng day truyén tai  cip dién, loai bo hd quang va nang cao do tin
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cdy cung cap dién, cac duong day truyén tai
duogc trang bi thiét bi ty dong dong lai mot
pha (SPAR). Khi xay ra ngin mach mot pha,
h6 quang so cip xuat hién tai diém sy ¢6. Sau
khi SPAR tac dong ct pha su ¢, xuit hién
hd quang thi cap theo sau hd quang so cap do
hién tugng twong hd dién cam va dién dung
giita pha lanh va pha su cd.
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Hinh 1.Ti lé cacloai su ¢6 ngan mach trén
ludi truyén tai
Trong thuc té, ho quang thir cap sé tu tit. Tuy
nhién, néu thoi gian ton tai ctia hd quang thir
cap kéo dai s& khong dam bao kha ning dong
lai thanh cong cta SPAR va anh huong dén
su van hanh 6n dinh cta hé théng dién. Thoi
gian ton tai hd quang thir cip phu thudc vao
nhiéu yéu t6 nhu cdu hinh duong day, vi tri
diém nge“in mach, trong do dic biét tinh dén
gia tri cua dong dién ho quang. Nham giam
thoi gian dong 1dp lai cua SPAR, cac duong
day truyén tai thuong dugc lép dat khi cu dién
gitip dap tat nhanh hd quang thir cip trong
gidi han cho phép [3-7]. Hién nay, c6 nhiéu
nghién ctru vé anh hudng cua hd quang dién
thir cAp; tuy nhién cac nghién ctru sir dung céc
mo hinh don gian, khong tinh dén mo hinh hd
quang va dién ap phong dién choc thung dién
moi (U,

;) tai di€ém sy co.

Bai bao thuc hién nghién ctru mo hinh hoa va
md phong bang phian mém EMTP-RV hién

tuong ho quang dién thir cip trén ludi dién
truyén tai 500 kV trong trudng hop xay ra ngin
mach mot pha cham dat. Trong d6, nghién
ctru sir dung md hinh dong co tinh dén sy lan
truyén hd quang xuat hién tai diém ngin mach
va dién ép danh thing U, ., diéu nay phu hop
v6i thue t& van hanh ctia dudng day truyén tai.
Nham nhanh chéng dap tit hd quang dién thi
cap va giam thoi gian chét ctia may cat (T ead)
dam bao d6 tin cdy cung cip, bai bao thyuc
hién mo6 phdng hai giai phap dugc str dung co
hiéu qua hién nay 1a lip dat khang bu ngang
va HSGS, trong do6 thuc hi¢én md hinh héa va
tinh toan cac thong s6 cua khang bu ngang,
thoi gian tac dong cia HSGS, nghién ctru anh
huong khi 4p dung cac giai phap trén dén tham
dong dién, dién ap phuc hoi va thoi gian ton tai
ctia hd quang thu cip.

2. MO HINH HO QUANG CO XET DEN PIEN
AP DANHTHUNG

2.1. M6 hinh hé quang

Mo hinh hd quang mé phong trong nghién
ctru st dung mod hinh dong dugc biéu dién
bang phuong trinh Cassie ciia dién dan ho
quang nhu sau [8,9]:

dg 1
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Trong do:

G: dién dan hé quang;

v hang sé thoi gian ho quang;
g dién dan dong hé quang.

V61 G dugc xac dinh bdi phuong trinh:
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Trong do:

i :dong dién hé quang (A);
u,: dién ap hé quang (V/m);
r,: dién tro hé quang (Q/m).

Phuong trinh (1,2) md ta truong hop tong quat
mo hinh hd quang dién xét trong trudng hop
hd quang xuét hién gitra 2 di¢n cyc. Do hién
tuong ho quang phu thudc vao nhiéu yéu t6
khéc nhau tuy theo diéu kién xuit hién, cac gia
tri trong phuong trinh trén nhu 7, u, r, thuong
dugc xéc dinh tu thuc nghiém. Mbi quan h¢
gilta hang s6 ho quang va chiéu dai 1. duge
thé hién theo phuong trinh sau:

laTC
T=Tg lO

a

4

Trong do:

7, gia tri ban dau cta hang s6 hd quang;
[, gia tri ban dau cua chi€u dai ho quang;
a: hé sd (tir -0,1 dén -0,6).

Téc do phat trién hd quang mot phan duoc
quyét dinh boi dién din bén trong dong
plasma, hd quang tat khi xay ra sy mat cén
bang vé nhiét trong ban than hd quang, diéu
kién hd quang tit nhu sau [7]:

9 < Imin
drarc > (drarc>
dt dt Jmin

Chiéu dai hd quang [ (1) la mot trong cac yéu

)

t6 quan trong nhat anh huong dén qua trinh
phat trién va tu tit cia hd quang, tuy nhién
day 1a thong s6 phu thudc vao nhiéu yéu t6
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moi trudng, thuong kho dé tinh toan va dinh
lugng mot cach chinh xac. Tuy nhién, cac mo
hinh thudng cho phép danh gia ho quang trong
truong hop kich ban nguy hiém nhat. Hinh 2
mo ta két qua thuc nghiém sy thay doi ciia [.. N
trong truong hop mo phong ludi dién co6 dién
ap 400 kV, dai 230 km [7].
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Hinh 2. Méi quan hé giiia chiéu dai hé quang
theo thaoi gian

2.2.Pién ap danh thing cach dién

Ho quang dién thir cip xay ra trong moi truong
cach dién khong khi dudi dién ap tan sd cong
nghiép. Gia tri dién 4p phong dién nho nhét xay
ra trong trudng hop dién truong khong dong nhét
c6 dang dién cuc try - mat phéng (rod-plane).
Dién 4p phong dién choc thung 50% dugc tinh
theo phuong trinh sau, ap dung cho truong hop
khoang cach gitra cac dién cuc d<3 m [10].

Usorr = 750N2In (1 + 0,55d%2) (6)

Gia tri dinh cua U, ,, dién ap tan s6 cong
nghiép thuong co6 gia tri cao hon 20-30% so
voi truong hop dién 4p xung xdy ra do dong
cit khi dién cuc duong. Dién ap xay ra phong
dién c6 thé xac dinh bﬁng 90% dig¢n ap U, ..
Anh hudng cua hinh dang dién cuc dudi di¢n
ap tan so ludi nho hon so voi truong hop dién
ap xung. Khi dién cuc 16n hon 2 m, gia tri dién
ap phong dién 50% co thé dugc tinh toan qua
cong thuec:
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U50% - USORP(1135K = 0,35K2) (7)

Vi K 12 hé s6 hinh dang (gia tri trong khoang
1,36-1,58).
Dién ap danh thing cia dién mai

J cét thanh céng
/

v _ phéng dién tré lai

Thei gian

Pién dp qua dd phuc hi (TRV)

Dong dién
Hinh 3. Méi quan hé giiraTRV va dién ap cach dién

Gia tri dién ap U50% duogc so sanh voi dién
ap phuc hoéi TRV nham xem xét truong hop
xay ra phong dién tr¢ lai, trong d6 TRV la dién
ap qua do phuc hoi tai vi tri su ¢d sau khi hd
quang thr cép tit va trude khi may cat dong
lap lai, truong hop xay ra phong dién trd lai tai
diém sy c¢6 khi U Uy, (Hinh 3)

3. GIAI PHAP GIAM HO QUANG THU CAP

Pé nang cao d6 tin cay cung cap dién, can giam
thoi gian ty dong dong lai mét pha (T, ) cua
SPAR. Thoi gian ton tai hd quang thtr cap anh
hudng 16n dén kha nang dong lai thanh cong ctia
SPAR. Trong thuc té, dé giam T dead can nhanh
chong triét tiéu dién dung hd cam gitta pha lanh
va pha su c6. Bai bao trinh bay mé phong 02
gidi phap st dung khang trung tinh bu ngang
va HSGS ldp dit tai 2 dau dudng diy nham lam
giam thoi gian ton tai hd quang thir cap.

e Str dung khang trung tinh bu ngang

Trong thuc té, dudong day truyén tai dugc lap
dit khang bu ngang nham giam dién ap thanh
cai trong truong hgp dudng day non tai, khang

trung tinh c6 vai tro dap hd quang khi xay ra
ngan mach 1 pha va han ché hd quang thir cap
(Hinh 4).

@ B

Xp Xp

®

Hinh 4. Khang trung tinh bungang trén duong day
e Str dung HSGS

HSGS cho phép nhanh chong dap tit ho quang
thir cdp do HSGS c¢6 tong tré nhé hon tong
trd ciia hd quang, cho phép tao duong dan cho
dong dién ho quang, tuy nhién giai phap nay
trong thyc té con han ché do chi phi cao, phdi
hop bao v¢ phuc tap. HSGS dugc stir dung phu
hop trong trudng hop dudng day khong lap dat
khang bu ngang hodc yéu cau thoi gian dap tat
hd quang thir cap trong thoi xac dinh (Hinh 5).
T Pha lanh |

Pha sir co

-« «
HSGS | Iy l2 HSGS 2

Hinh 5. HSGS trén duong day
4. MO HINH MO PHONG

Luéi dién mo phong gdm doan duong day 500
kV dai 480 km, sit dung m6 hinh duong day
phu thudc tan s FD (Frequency Dependence).
May bién ap 500/22/35 kV ¢ cong suat 450
MVA, phu tai 3 pha cong suat P=300 MW,
Q=60 MVAr (Hinh 6).
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Hinh 6. M6 hinh luéi dién mo6 phéng

Mo hinh ho quang tai diém sy co:

Str dung mo hinh Cassie trong nghién ctu qué
trinh lan truyén cta hd quang véi cac thong sd

nhu sau:
a=-05
t, = le-06 (s)

lO= 0,5, (meter) = 1 pu
U, =900 (V/im)

R, =22e-3 (Q)
Ly = 10e-3 (s): thoi diem sy co.
g, = d0e-6

(dr/dt)min = 20e6

Gia tri dién tro tai diém ngdn mach bang 0,2(Q).
So d6 khéi thuat toan thé hién qua trinh tinh
toan mo hinh hd quang nhu Hinh 7.

Khai tao
a,1_0, larc_o, Uo, RO, gmin, (dr/dt)min

Héb quang
lan truyén

Phéng dién
trér lai

Hinh 7. So d6 khéi thuat toan tinh toan qua
trinh lan truyén hé quang
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arc_| sing-pulse

Hinh 8. M6 hinh tinh dién dan hé quang va

dién ap U50%
2  y -y - . T
AT g I a0 S Y T e G PR, WP
— -
universal
flip-flop
b Bl

Hinh 9. Mé hinh tinh toan qua trinh lan truyén
cta hé quang

* M6 hinh khang bu ngang va HSGS

Khang trung tinh, dién tr¢ trung tinh nham lam
giam dong dién hd quang thu cép, dam bao
dong lai 1ap lai thanh cong. M6 hinh m6 phong
khang trung tinh nhu Hinh 10. Cong suat khang
bt ngang dugc lua chon véi cong sudt bu bang
70% cong suat phan khang cta duong day, gom
2 khang bu ngang ¢ cong suat 170 MVAr dat
tai 2 dau duong day, gia tri dién khang cta timg
khéng bu ngang va dién khang trung tinh twong
{ng bang X =1436,78 (€2), X =1149,43(Q2).

Hinh 10. M6 hinh khang trung tinh

87



TAP CHi KHOA HOC VA CONG NGHE NANG LUONG - TRUGNG DAI HOC DIEN LUC

(IS N: 1859 - 4557)

HSGS1

Hinh 11. M6 hinh HSGS
5. KET QUA MO PHONG

Xét truong hop xay ra ngan mach mot pha
cham dét trén duong day tai pha A ¢ thoi diém
0,1's, vi tri xay ra ngin mach bang 2/3 khoang
cach vé phia nguon (Hinh 6). SPAR tai 2 dau
duong day tac dong cat pha su cd A tai thoi
diém 0,12 s.

« Trudong hop khong sir dung thiét bi han ché
h6 quang tht cap

Tir két qua mo phong Hinh 12 thay rang truong
hop khong st dung thiét bi han ché dong dién
hd quang thir cap, khi xay ra ngan mach dong
cuc dai hd quang thir cép dat gia tri 160 A, tdn
tai trong khoang thoi gian 16n hon 1,0 s. Do hd
quang chua tat, khong dam bao dong lai thanh
cong SPAR trudc thoi diém trén.

Hinh 12. Déng dién hé quang
* Truong hop sir dung khang trung tinh bu ngang:

== =t

b | &

Hinh 13. Truong hgp str dung khang bu ngang

Trong truong hop st dung khang trung tinh
bu ngang dit tai 2 dau duong day (Hinh 13),
gia tri dong dién ho quang thir cap dat dinh 50
A, hd quang tat tai thoi diém 0,97 s. Gia tri
dién ap phuc hoi TRV tai diém su cd dat 58,3
kV, ddm bao nhé hon U50% va khong xay ra
phong dién tr¢ lai (Hinh 14, 15). SPAR dong
tr¢ lai thanh cong sau 0,77 s. Dong dién qua
cudn khang tai pha su c¢b va khang trung tinh
twong tng dat gia tri 70,8 A va 77,75 A trong
thoi gian xuat hién hd quang thir cap (Hinh 16).

Hinh 14. Dong dién hé quang (c6 khang)

Hinh 15. Pién ap hé quang (c6 khang)

) AP SR

Hinh 16. Dong dién qua cudén khang bu
ngang (a) va khang trung tinh (b) ciia pha A

e Truong hop st dung HSGS:

|

Hinh 17. Truéng hop st dung HSGS
HSGS dugc sir dung tai 2 dau duong day tac dong
doéng tai thoi diém 0,4 s nhim dam bao SPAR da
md& hoan toan khi dong HSGS (Hinh 17).
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Hinh 18. Déng dién hé quang (a) va dién ap
hé quang (b) (c6 HSGS)

Hinh 19. Déng dién HSGS pha A phia nguén
(a) va phia tai (b)

6. KET LUAN

Bai bao st dung phuong phap moé hinh mo
phong lugi dién truyén tai 500 kV trong
truong hop xdy ra ngan mach mot pha cham
dét, SPAR tac dong cit pha su ¢ va xuat hién
h6 quang thir cip bang EMTP-RV. M6 hinh
hd quang dién dugc mod ta theo phuong trinh
Cassie, trong d6 cho phép tinh dén cac tham
s6 hd quang trong qué trinh lan truyén. Truong
hop khong sir dung thiét bi han ché ho quang
két qua cho thdy dong dién ho quang thir cip
ton tai v6i thoi gian va bién d6 16n, khong dam
bao lai thanh cong SPAR. Nghién ctru s dung
02 giai phap la khang trung tinh bu ngang va
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HSGS nham nhanh chéng dap tat dong dién
hd quang thr cap (Bang 1), két qua cho thiy
hi€u qua cua 2 giai phdp trén trong kich ban

mo phdng.
Bang 1.Th&i gian tén tai hé quang thit cap va
dién ap TRV
Gidi phap t () | U, kV)
Khéang bu ngang 0,77 58,3
HSGS 0,2 14,8

Tai Viét Nam, ludi dién truyén tai duoc le“ip
dat khang bu ngang nham giup on dinh dién
ap trén duong day, viéc két hop khang bu
ngang va khang trung tinh gitp giam thoi
gian dong lap lai va tan dung tram, khang bu
ngang sian c6. Trong truong hop cac duong
day khong yéu cau bu cong suat phan khang
hodc cac duong day ngin khong c6 khang
bl ngang viéc xem xét lap dat HSGS la giai
phap phu hop hon; tuy nhién, can co céac
nghién ctru danh gia chi tiét vé anh huong
ciia cac diéu kién khic cua duong day khi
trang bi HSGS.

L&i cdm on

Nhom tac gia cam on cong ty PGSTech da
tai tro’phdn mém EMTP-RV 4.2 dé thuc hién
nghién ciru nay.

Bai bdo nay la két qua nghién ciru Dé tai
NKCH cap Trwong Pai hoc Dién lec nam
2024, ma s6 PTKHCN.01/2024.
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