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TOM TAT: C6 rdt nhiéu phuong phdp s dé tinh gdn ding qud dién dp trong hé théng dign .
Cdc phuong phdp nay déu cé wu va khuyét diém riéng va viéc lua chon chiing la ty thu$c vao
mé hinh sit dung ciia cdc phdn tit, d6i tugng nghién citu, d¢ chinh xdc cdn thiét va cong cu tinh.
Trong bai viét nay diém qua vai phuong phdp sé co bdn ding dé nghién citu qud di¢n dp déng
cdt trong hé théng dién va mét s6'vi du minh hoa.

1. Phuong phdp séng chay :

1.1 Gidi thiéu : 12 phuong phdp ddu tién dp dung thudt todn lip vao gidi hé phuong
trinh duding day. Phudng phdp ndy duya trén gid thi€t dudng day khong tn hao (chi dic trung
bdi cdc théng s6 phan b6 1a L va C). Chinh tit gid thi€t nay, ta c6 thé din t6i nhén xét : s6ng
tai mot diém k chinh 12 séng tai diém m, cdch k mo6t doan A , nhung bi tré di mdt khodng

thdi glan 13 7= N , vdi v 1a t6c dd lan truyén clia séng.
v
1.2 Ndi dung : Tir quan diém trén , ngudi ta c6 thé ding mét sd d6 nhu hinh 1 dé

thay thé cho toan bd dudng day giifa hai niit m va k. Trong d6 Zc : trd khdng séng clia duding
ddy va cdc ngudn dong thém vao dugc xdc dinh theo :

I(t-1) = -[ El" Um(t-T) + imk(t-7)]

c @
) " -=Zc Zg
Im(t-1) = -[ == uk(t-1) + ikm(t-7)] " Tt L(t-0]
Zc @

(imk(t) : dOng huéng tit mit m d&€n miit k) Hinh 1

=
=

D&i vdi cdc phan ti khdc thl dua vao quan hé dp dong clia né dé xay dung phuong
trinh 13p twdng Ung . Ta xét mdt s6 phén ti dién hinh sau:
* Cudn ddy : ndi gilta hai nit k va m , dong qua né dudc xdc dinh theo :
dikm 1 (

Ap dung cong thifc hinh thang , ta x4y dung dudc phu'dng trinh 1dp :

i ® = 5[0, O~ 1, O] 1 - 20
Sd do tuong du‘dng cho phén tif cudn diy theo phudng phdp nay nhu trén hinh 2.
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Hinh 2 luk YL=At2L uml Hinh 3 luu YC=2C/At uml
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* Ty dién : ndi giffa hai nitk va m, dién 4p trén nd dudc x4c dinh theo :

1 '
W Ua=F _[lmm”“uk(t - A -y, (t=AY
C t-At R k -
Ap dung cong thic hinh thang , ta xay :—-—w»-—-—:‘ ..___Y%;-——o
dung dugc phuong trinh 12p : lUk = uml
Hinh 4

I = %%[uk (-1, (©]+i,. -4

SO dd twong dudng cho phén ti ty dién theo phudng phép nay nhu trén hinh 3.
* Pién trd : nbi gifta hai nit k va m thi ¢6 thé thay bing sd d6 tuong duong nhu trén
hinh 4.
Khi d6 , mach dién thay th€ toan bd hé thong dudng day da cho , c6 thé dugc xac
dinh dién thé tai cdc nit theo ma trdn thé nit:
Yu=i-1I
Trong d6 : Y = ma trin tdng din nit ;u = ma trin th& cdc nit ;i = vecto ngudn dong
dd vao mit ;I = vecto ngudn dong tai budc tinh trudc .
2. Phung phép dia trén bi€n ddi Fourier :
2.1 Gi6i thiéu : 1a phuong phdp chuyén ddi tugng khdo sat sang mién tin s0 , st dung
bi€n ddi Fourier véi dinh nghia :

U(x, @) = Flu(x, t)} = +Tu(x, t)e “dt

I(x,) = Ffi(x, )} = Ti(x, t)e " dt

2.2 N§i dung :

Thong qua bién ddi Fourier , cdc tin hiéu u(x,t) , i(x,t) trén dudng diy va u(t) , i(t) tai
c4c bién s& dudc chuyén sang mién tén s6 . Quan hé dp dong trén dudng day khi d6 s€ tuén
theo :

Ux,w)=Ag ~ +Bg - Zc= 'R+ij
Véi G+ jaC

1 - rx
(0= e -Be | |, - @ iene 550
Céc hé s§ A , B dugc tim tlf cdc didu kién bién. Trong khi d6 , quan h¢ tai céc bién
trong mién tin s0 cling c6 dang :
Ul(w) = Zs(w)ll(co)+ El(w)
{UZ(aJ) = 7, (@)2(e) + E2(®)
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Trong do6 : Ul(w),U2(0),I1(0),12(w) : dp , dong tai dau va cudi dudng day.
El(0),E2(0),Zs(0),ZL(w) : sitc dién dong va tdng trd tuong dudng phia dau va cudi dudng
day .

Viéc gidi tich & ddy tudn theo cic phuong phdp gidi mach xdc lap , va tin hiéu &
mién thdi gian s& dugc x4c dinh tir 4nh Fourier théng qua phép bi€n ddi ngugc.

Mot s6 Iuu ¥ khi gidi theo phuong phdp nay:

+ Rt gon : do trong phd tdn s§ , F(-0) = F(®) nén ta c6 :

l % jar
ft) = ;Re{ ojF(w)e dw:'

+ Hi€n tugng dao dong Gibbs: Khi thuc hién vi€c tinh todn f(t) , bao gid ngudi ta
cling thyc hién viéc cit bot khodng 18y tich phén [0,Q] , va khi Q -> oo , k&€t qud sé tién vé
nghi@m chinh xdc. Tuy nhién , sy thay thé mét hé thong lién tuc bing hé 1di rac & day sé&
lam phét sinh hién tugng dao dong cla nghiém khi ding phuong phdp nay. P& khit hién

sin ‘0% -

s

+ Bién ddi clia bi&n ddi Fourier: trong viéc 1dy tich phdn s& cho c4c bai todn duding
day , khi ti€n vé cdc cdn , c6 khi cdc gid tri cuc dai s& xuit hién bén trong cdc budc chia tich
phédn, do d6 cdn phéi chia nhd lai § céc budc nay. Ngudi ta thudng ding mot hé s6 a vdi
at=1 d€ 1am mém di viéc tinh todn tich phan s6. Cudi cing , ham thdi gian s& dugc xdc dinh
theo : '

*a sin(’rﬁ'/ Q)

f(t) = % ﬂP(a,w)cos(cat) - Q(a,(o)sin(a)t)]m?—-— de
9 Q

Vdi : P(a,0) = Re(F(a+jo)) ; Q(a,0) = Im(F(a+jw)).
3. Phudng phép sai phan hitu han :

iong nay , ngudi ta thay th€ ham F(w) bing Fl(w) = F(@)

3.1 : Gia thi€t : xem 4p va dong trén dudng ddy thdéa phuong trinh dién bdo , vdi
cdc ma trin thong s6 rdi R,L,C,G , va quan hé 4p dong tai hai diu dudng diy dugc cho dudi
dang hé phuong trinh vi tich phén.

3.2 : Noi dung: Chiéu dai dudng ddy 1a L va mién thdi gian khdo sét [0,tmax] thuin
1gi d€ x4y dung mot 1udi sai phén Uh,n vé6i bude khodng cdch 1a Ax = L/M va budc thdi gian
At =tmax/N. Pién 4p va dong tai mot di€m hAx va thdi diém nAt 1a

u, = u(hAx,nAt);h =15 M

1: =i(hAx,nAt);n=1—->N

Chuyén hé phuong trinh dutng day vé mét bién dong hoic 4dp (d€ nghiém hoi tu) ta
dugc mot phudng trinh vi phén riéng phin nhu sau :
gu Rau_1 gl
at2 Lo LC BXZ
Sai phén phudng trinh nay theo phuong phap sai phan trung tim ta c6 :
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n+l n+l n-1

s - u +ur) _R_(uh ~khy )_L(u:fzu:m:-l)

Pé gidi mdt phuong trinh sai phan nhu trén cin phai 6 :

+ Piéu kién bién : cho hai vi tri khodng céch , thudng & hai diu dudng day.

+ Diéu kién diu : vi xud't phat 1a phuong trinh vi phan c4p hai nén phéi c6 hai diéu
kién dau, tait=0va t = At.

4. Vidu dp dung : Rs
P& minh hoa cho cdc phudng phdp néu Ls p——
trén ta sit dung mot vi du déng dién dudng day Vs VDl e
400 kV nhu trén hinh 5 . Pién dp Vs = °- o
Vsin(ot+$) v6i géc pha lic dong ¢ = 7/2 ,V= 1(p.u)  Hinh5:50 a3 duing day vi dy
; 3

Céc thong sb6 dudng day va
ngudn cho nhu sau : R = 0.032
[Q/mile]; L = 1.42 [mH/mile] ; C | =
= 2.0910% [F/mile] ; L = 100 | &
[mile] , Rs = 0.384 [Q] ; Ls = E
48.8 [mH]. Pudng didy 1A hd 9
mach cudi. K&t qud xdc dinh
dién 4p tai ddu va cudi dudng
day cho trén hai hinh : -1 : - e i)

0 1 2 3 4 ]

- : Phu i
Hinh 6  Foting php Hinh 6  1:Apddu dwengddy 2:Ap cudidveng ddy

Fourier l4p trinh trén MATLAB.
+ Hinh 7 : Phuong phép
sai phan hitu han 14p trinh trén C++ for Windows.

5. Nhian xét cdac phudng Tpu
» 3!0 "'-'r_-'I‘--I---r‘-T--ﬂ---I---r_-T_--l
phap: ' ! 1 1 i 1 1 1 J

I L e el et
"

+ Phuong phdp song
chay : c¢6 uu diém vé thdi gian
tinh . Tuy nhién né 4p d}lng md |gs it __IL___}__J {{ms]
hinh dudng diy khong ton hao . | 1 efccciecimnd e -
C6 phuong 4n dua ra la chia | -0.6}-0.5 .1;0-1;5-2;0. 2.5 .3\;1{.3:5_410. 4.5 .5;0
dudng diy thanh cdc doan va B SRR R EEEEEE SEE e R EEE EEE
thém vao cdc dién trd dic trung | 1.8 }F-- i
cho t6n hao. Cdch lam nay sé& '

]

]

B e Ty g e A P T Y Y
] ] I 1 ] 1 1 I 1 ]
decdeeclecctbeoacdacdeccleccabandaed
! I 1 1 I I I 1 I I
I

din dén sy phifc tap rat 16n cho Hinh 7+ 1 Apata dwsg dty 2 Apculh tubng dty
mod hinh nhin dudc .

+ Phuong phédp bi€n déi Fourier : cdch ldp trinh don gidn, thira erdng cdc phuong
phép gidi tich xdc ldp . Piém bt 1di 1a viéc tinh todn cédc tich phan s6 . Diém ndi bit cia né
1a khdo sdt dugc cdc hé thdng c6 thong s0 thay ddi theo tan s0.
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+ Phudng phédp sai phan hitu han : linh déng trong viéc quyét dinh sai s§ , c6 thé
khdo st cdc hé thng chita phan ti phi tuy&n. Tuy nhién khong st dung dudc néu muén
khdo st 4nh hudng clia tin s6.

V@i vai nhan xét trén day, s& cho thdy viéc st dung phuong phdp nao la hoan toan
tuy thudc vao doi tugng va muc dich nghién cu. Tuy nhién , thi€t nghi hai phuong phap
bi€n ddi Fourier va sai phan hitu han 13 hifu hiéu hon c4.

THE DIGITAL SOLUTIONS TO ANALYSIS SWITCHING TRANSIENT
IN POWER SYSTEMS
Nguyen Quan — Le Minh Cuong

ABSTRACT: There are several different digital methods of electromagnetic transient analysis in
power systems. The applications from them are dependent on model of elements, research areas,
accuration and computation tools. The paper first introduces some typical methods to calculate
switching overvoltage , and then shows some results obtained when using them on an example.
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