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Toém tat:

Bai bdo thuc hién md hinh hda va mé phong hién tugng phdéng dién hd quang trén may cdt dudng
day truyén tai dua trén md hinh can bdng ndng lugng bang phan mém EMTP-RV. M hinh hién
tugng phong dién Cassie va Schwarz dugc sir dung nhdm danh giad cac tham s6 clia hd quang dién
khi xay ra hién tugng ngdn mach mét pha va ba pha. Két qua md phdng cho thdy su thay déi cla
cac gia tri dién trg, dién dp va dong dién hd quang xudt hién gitfa hai dién cuc may ct. M6 hinh
phdng dién ho quang Cassie két hgp cing mo6 hinh Schwarz da giai quyét bai toan mo phong hién
tugng phdng dién trong may cat cho trudng hop dong dién I16n va trudng hgp dong dién can zero.

T khoa:

M6 hinh hd quang, may cat, dudng day truyén tai, ngdn mach.

Abstract:

The paper focuses on the modeling and simulation of the arc discharge phenomenon on circuit
breaker of transmission line based on the energy balance model using the EMTP software. The
Cassie and Schwarz arc discharge models are used to evaluate the parameters of the electric arc
that occurs in the single-phase and three-phase short circuit phenomenon. The simulation results
show the changes of the resistance, voltage and current values of the arc that appear between the
two poles of the circuit breaker.The Cassie model combined with the Schwarz model has solved the
problem of simulating the arc discharge phenomenon in the circuit breaker for the case of large
current and the case of near-zero current.
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1. DAT VAN BE

Puong day truyén tai dong vai trd quan
trong trong viéc dam bao d6 tin cay cung
cap dién cua hé théng dién. Trong qua
trinh truyén tai dién ning, duong day
thudng gap cac su cd ngan mach, dé dam
bao an toan va nhanh chéng cach ly su cd,

trén duong day duoc trang bi cac may cit.
May cit duong day ¢ nhiém vu cat mach
dién va dap tit hd quang phét sinh. Khi
may cat tic dong cit mach dién, dién
treong gitta hai dién cuc ting cao lam
xuat hién hdé quang, hd quang dién phét
sinh giita hai dién cuc may cit phu thudc
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vao nhiéu yéu té. Viéc nghién ctu va mo
phong hd quang dién nham hiéu rd ban
chat vat ly caa hién twong dong vai trd
quan trong trong viéc nang cao do tin cay
cung cép dién, dac biét trong nghién cuu
may cit va qua dién ap khi dong cat may
cat duong day [1], [2].

Bai bédo tap trung trinh bay phuong phap
md hinh héa va md phong cac tham sb
cua hd quang dién xuat hién trong may cat
duong day truyén tai khi xay ra ngin
mach.

2. MO HINH HO QUANG PIEN

Trong thuc té, qué trinh phat sinh hd
quang la mot hién tugng phtrc tap, phu
thudc vao nhiéu théng sé va kho xac dinh
chinh xac vé mit dinh luong. Tuy nhién,
dé giai thich quéa trinh phat sinh, lan
truyén va dap tat hd quang, nhiéu mé hinh
khac nhau da duoc phat trién nhim md
hinh hoa hd quang trong may cit va tai
diém ngan mach trén ludi dién, trong d6
c6 md hinh dong dwa trén méi quan hé
can bang nang lugng va can bang nhiét.
Tir cac mo hinh can bang ning lugng va
can bang nhiét co s, Cassie va Mayr da
phat trién cac mo hinh duogc sir dung rat
phd bién trong nghién cau hd quang, md
hinh da lam rd cac ban chat vat ly caa hd
quang dién [3], [4].

= MB© hinh Cassie:

Mb hinh duoc biéu dién bai phuong trinh:
dG, 1 (1)

U2
. —(=-1
dt 7, <U§ )
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Hay:
G.(t —J'l i G.|dt

C( ) - T, Ug-GC c (2)
Trong do:

u,i: dién 4p va dong dién tac thoi hd
quang;

Gc: dién din dong cua ho quang ;

1. hang s thoi gian hd quang;

U,: hang sb dién ap ho quang.

Trong mé hinh Cassie, ton that nhiét xay
ra do hién tuong ddi luu, mtc do ion hoa
trong hd quang xay ra manh liét. Do vay,
su chuyén trang thai can bang ning luong
thay dbi theo mat cat ngang hd quang va
dién dan thay doi theo ban kinh ho quang.
M& hinh Cassie phu hgp 4p dung cho
truong hop dong dién hd quang cd gia
tri lon.

* M6 hinh Schwarz

Mo hinh dugc Schwarz phéat trién tir md
hinh Mayr (thuong goi 1a mé hinh Mayr
cai tién) [3], [5].

M6 hinh Mayr c6 dang nhu sau:

1 dGy 1 (u.i
S
Gy dt t,\P,

Trong do:

GM: dién dan dong cua hd quang dién;
wm: hang sé thoi gian hd quang;
PO: hang sb nhiét lanh ho quang.

Schwarz d3 cai tién mo hinh Mayr, trong
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dé cac tham sd tm va P phu thuoc vao
dién dan hd quang va 1a cdc ham ning
luong:

= A.G* va P;=B.GP.

Tur d6 c6 phuong trinh mo hinh Schwarz:

1 dG6y 1 (u.i 1)

Gy dt  A.G*\B.GF “)

Hay:

1 [ 2
G () = .fA.G“ lB.Gﬁ B GM] a O

Trong md hinh trén, hd quang gia thiét co
dang hinh try véi duong kinh khong doi,
t6n that nhiét xay ra do dan nhiét va dién
dan hd quang thay d6i theo muc do ion
héa. M6 hinh phu hop &p dung cho truong
hop dong dién hd quang c6 gia tri nho
(can zero).

Trong md phong hd quang dién, hai mo
hinh dwoc két hop trong tinh toan dién
dan tong (G).

(6)

Q-

+

1 1
G Gy G,

3. MO HINH MO PHONG

Bai bao thuc hién xay dung mé hinh moé
phong trén phan mém tinh toan qua do
EMTP-RV. M6 hinh mé phong gdm mot
duong day cap dién ap 400 kV cép dién tur
02 ngudn: Nguon dién cap dén Bus 1 tir
02 dudng day cé chiéu dai 20 km, duong
day tir may cit dén diém ngan mach dai
120 km (Hinh 1), ngudn dién md phong

bang nat Slack bus, duong day trén khdng
duoc mb phong trén bang moé hinh phu
thuoc tan sb FD.

Nguon 1 120 km
\ ]7 0 G
Fome T} O A D madel

Hinh 1. M6 hinh lwé&i dién md phéng
= Mb hinh may cit va diém ngian mach
M4y cit ba pha duoc md hinh héa tir
phuong trinh (2) va (4) bao gdbm ba may
cit mot pha. Dé han ché qua dién ap khi
dong cat, may cat dugc ndi song song véi
tu dién c6 dién dung C=0,8 nF (Hinh 2).

3] ‘| 0.8nF

M5 hinh ho quang
Cassie - Schwarz

p1 [ in out—==Xp2

M6 hinh hé quang
Cassie - Schwarz

Hinh 2. M6 hinh may cat ba pha

Piém ngan mach dugc md phong nhu
Hinh 3, dién tr& ngan mach trong truong

92

SO 34



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

hop ngan mach mét pha bang 0,2 Q. Xét
truong hop ngin mach xay ra tai thoi
diém tai t = 1 ms. Thoi gian thuc hién mé
phong bang 100 ms.

faulty_bus

faulty_bus

Hinh 3. M6 hinh ngan mach mét pha va ba pha
= Mb hinh hé quang

M6 hinh h6 quang xay dung la su két hop
gitra md hinh Cassie va Schwarz, viéc lua
chon cac théng s6 trong md hinh lién
quan dén qua trinh phat trién hd quang va
thuong dugc xac dinh tor thuc nghiém.
Nham muc dich danh gid tham s6 ho
quang trong may cit duong day truyén
tai, bai bdo lwa chon céac thdng s6 md
phong nhu sau:

A = 0.85¢-06; a= 0.09
B = 0.4e+06; p= 0.49
1 = 18-06 (5) ; U, = 700 (V)

1[ i? ¢
1. |U2.G. ¢

i —P1 dGc_dt Ge

fluy p———N
TDZ f”h }—Dscope

Hinh 4. Bién dan hé quang theo Cassie
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1 iz c
AGY|BgF™ ™

Tau_m

i g1 _1 H{u)
Tau_m 2

— fi > P> 1 RECIP

p— [ cr] o
GM —bis

Hinh 5. Dién dan hé quang theo Schwarz
T gid tri dién dan G(t) hd quang va tham
s6 nguon; dong dién, dién ap hd quang
dugc tinh theo phuong phap mach di¢n

Norton tuong duong theo cong thurc:

ik= Y.V + Ik

Gm —x1 b R [
Ge —I[Hq2
a)
G v v »scope U_hoquang
l 1 ! »scope |_hoquang
vy
o >— —
May_cat_in| < ——— T8 c— 1 May_cat_out
o
b)

Hinh 6. M6 hinh tinh toan dién tré (a)
va dong dién, dién ap hé quang may cat (b)

4. KET QUA MO PHONG

Bai bao thuc hién md phong céc tham sé
hd quang (dong dién, dién ap, dién tro...)
Xuit hién giita cac tiép diém may cit khi
may cit tac dong trong truong hop sy ¢d
ngan mach mot pha va ba pha. Dé theo
ddi sy bién thién cua dong dién va dién &p
khi xay ra ngan mach, xét truong hop
may cat tic dong voi thoi gian t > tyip,
trong do tyip = 3 MS.
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= Trudng hop ngdn mach mot pha

Xét truong hop ngan mach pha A cham
dat véi dién tro tai diém ngan mach 0.2Q.
Cac két qua mé phong tham sb hd quang
may cit thé hién tai Hinh 7. Khi ngin
mach pha A, chi may cit trén pha A tac
dong cat mach dién nham cach ly pha
su co.
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Hinh 8. Dién ap dau cwc may cat: a) phia
dwong day, b) phia nguén

= Trudng hop ngin mach ba pha

Két qua md phong cho thidy, md hinh
Cassie két hop ciing mé hinh Schwarz da
giai quyét bai toan md phong hién tuong
phong dién hd quang trong may cat cho
truong hop dong dién lon va truong hop
dong dién can zero.
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Thivgian (s) Hinh 9. Tham sé hé quang dién
(c) Bién &p hd quang Khi hd quang phat trién, gia tri dién tro hd
Hinh 7. Tham s6 hé quang dign quang theo mo hinh Cassie. Truong hop
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dién &p ngudn qua gia tri khong (zero), tai
céc thoi diém d6 hd quang khong dugc
cap ning lwong va qua trinh phan ion hoa
xay ra manh liét, gi tri dién tro hd quang
tang dudi dang cac dinh nhon (Hinh 7.b-
9.b) theo md hinh Schawraz. Trong qué
trinh hd quang lan truyén véi gia tri dong
dién 16n, mod hinh Cassie cho phép tinh
todn cac gia tri dién trg ho quang, gia tri
hd quang dat 10 Q, mé hinh Schwarz
tinh toan cho gia tri dién tré ho quang tai
dong dién can zero véi cac dinh dat nhon
dat gia tri 2 x 10°° Q.

Sau thoi diém may cat tac dong, gia tri
dién ap dau cuc may phat phia duong day
c6 thé 1am xuét hién qué dién ap phuc hoi,
hd quang s& phét trién tro lai trong truong
hop gié tri dién ap phuc héi 16n hon dién
ap phong dién choc thung cta cach dién
(Hinh 8).

5. KET LUAN

Bai bdo st dung phuong phap mé hinh
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mé phong hd quang dién theo phwong
phdp Cassie va Schwarz cho phép moé
hinh héa va mé phong cac tham s6 cua ho
quang di¢n.

M6 hinh md phong &p dung cho truong
hop méy cat duong day truyén tai gom ba
may cat mot pha. Két qua mé phong cho
thdy cac tham s cua hd quang dién trong
qua trinh phat trién khi may cat tac dong.
Pién tré hd quang ting nhanh dudi dang
cac dinh nhon khi dong dién ho quang
tién toi gia tri can zero. M& hinh md
phong cling cho phép xac dinh dién ap
gitta hai dién cyc may cat trong qua trinh
cat, tir 46 cho phép tinh toan gia tri dién
&p phuc hoi. Viéc nghién ciu hién trugng
hd quang trong may cat cho phép hiéu rd
hon vé ban chat vat ly caa hién tuong,
trong d6 co anh huong cua cac tham sé
trong mo hinh dén sy phét trién cua ho
quang, gop phan dé xuit cac giai phép
nang cao do tin cdy cung cip dién trén
duong day truyén tai.
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