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Bai bdo gidi thi€u mét vi du dugc xdy dung trén nén tang cta Simulink dé
nghién cltu vé 6n dinh dién dp va diéu khién hé thdng dién. Trong khi
phan tich cac van dé trén thudng phai ding dén cac phan mém thuacng
mai ban quyén, nhung ching thudng rat dat va kho ti€p can dugc. Phan
mém Matlab-Simulink thi kha la hitu ich cho cac sinh vién va cac nha
nghién cru trong viéc mé phdng cac hién tugng thuc t€, nhat la hién mot
hién tugng phuic tap nhu sup d6 dién &p. Sau khi giGi thiéu vé cac yéu t&
anh hudng dén sup dd dién ap, bai bdo ding Simulink d&€ mé phong cac
yéu t6 anh hudng dén 6n dinh dién &p. Cac két qua Ia tin cy va co thé
dung dé giang day, hodc ('ng dung cho cac nghién cltu thuc té.

M6 phdng ddng, Matlab-Simulink, Diéu khién hé thdng dién, &n dinh
dién ap.

This paper presents a Simulink-based test case developed for the purpose
of illustrating voltage stability and power system control. Licensed
software are normally required for analyzing such problems, but they are
expensive and inapproachable for students. The Matlab-Simulink software
is helpful for not only students but also researchers in simulating real-life
and complicated phenomena such as voltage collapse. Following a brief
description of factors that impacted on the problem of voltage collapse,
the paper uses Simulink to simulate several elements of major influence
on voltage stability. The tested results are reliable and could be applied to
teaching or practical research.

Dynamic simulation, Matlab-Simulink, power system control, voltage
stability.
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1. GIOT THIEU CHUNG

Nhitng nim gan day, cac ap luc tir su
phat trién kinh té nhanh dan dén ting
nhanh nhu ciu phu tai dién. Ap luc vé
mo rong va phat trién hé thong dién
(HTb) da khlen cho cac HTD dang
dugc van hanh gin véi giéi han vé 6n
dinh va an ninh. Két qua la cac HTD
yeu mang tai nang, truyen tai cong suét
16n bang nhitng duong day dai dién ap
cao va ngay cang ddi mit véi van dé 6n
dinh, nhat 13 6n dinh dién ap. D3 co
mot sd su cb tan ra HTD gan day do
mét on dinh dién ap nhu: tai Phap ngay
19/12/1978, Bi ngay 4/8/1982, Thuy
Dién ngay 27/12/1983, Florida - My
ngay 17/5/1985, Mién Tay nudc Phap
ngay 12/1987, Tokyo - Nhat Ban ngay
23/7/1987, Phan Lan ngay 8/1992,
cac bang mién Tdy nudéc My ngiy
2/7/1996, Hi Lap ngay 12/7/2004 [1-3].

Tai Viét Nam ciing da c6 céc sy cb mét
6n dinh dién ap dan dén chia tach, hoic
tan rd mot phan HTD nhu: Sy ¢ ngay
17/5/2005 xay ra do mat 2 bo tu bu doc
500kV & ché do van hanh cao diém,
dién ap thdp gdy mat on dinh dién ap
lam tach doi hé thong dién 500kV Viét
Nam, tong luwong tai bi mat 1a
1074MW.

Su cb ngay 25/9/2009 lac 10h07 dién
ap sut giam nhanh tai tram 500kV Dba
Nang (425kV) va tram 500kV Ha Tinh
(415kV) gy sup do dién ap trén hé
théng dién 500kV. Tai tram Ha Tinh,
bao vé dién ap thap & mirc 2 (350kV)
da tac dong cit ca 2 mach duong day
500kV Ha Tinh - Pa Néng 1am tach doi
hé théng dién 500kV Viét Nam, téng
luong tai bi mét 1a 1440MW.

Su ¢d ngay 22/5/2013: vao luc 14h19
dd xdy ra ngan mach trén duong day
500kV Di Linh - Tan Dinh. Su c6
duong diy 500kV trong luc truyén tai
cong suit cao lam mat lién két HTD
500kV Béc - Nam, sup d6 dién ap gay
nhay tit ca cac t6 may phat dién trong
hé thong dién mién Nam, din t6i mat
dién 22 tinh phia Nam Viét Nam. Téng
luong coéng sudt bi mat khoang
9400MW.

Hiu qua cia cac su cb thuong rt
nghiém trong duéi quan diém kinh té
va an ninh ning luong. Vi vy ma vin
dé nay van da va dang 1a mot trong
nhitng van dé nong hoi cho cac nha
nghién ctlru, va cac cong ty dién luc.

R4t nhiéu nghién ctu di dugc tién
hanh, chu yé€u tap trung vao cac van dé
sau [1-4, 11]:

o (Cong cu va phuong phdap nghién
curu: Lya chon cac cong cu va phuong
phap (ma co thé hiéu co ché) cua hién
tuong sup d6 dién ap va cung cip cac
cong cu md phong chinh xac dé trg
gitip, cho viéc phén tich, tinh toan thiét
Ké, qui hoach HTD;

o M6 hinh héa thiét bi dién: Luya
chon cdc mo hinh phu hgp véi viéc
nghién ctru 6n dinh dién 4p, dic biét 1a
cac thiét bi nhu may phat dién, bo diéu
ap dudi tai (ULTC), bo gidi han kich tur
(OEL), tai phu thudc dién &p nhu dong
co dién...;

o Cdc chi s6 danh gid: d& giup cho
ngudi van hanh danh gia dugc tinh
trang lam vi€c cua h¢ théng, xac dinh
dugc d6 1a ché d6 an ninh hay khong.
Hon nita, n6 con 1a tiéu chuin dé danh
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gie’} dd du trir 6n dinh dién ap cua h¢
thong;

o  Chién lwgc diéu khién Cubi cung 1a
dé nghi cac chién lugc vé phong ngtra
va ngin chan céc su cd sup db dién ap.

bPéi voi mot HTD thuc te, nguoi ta can
c6 mdt cong cu tin cdy cho viéc danh
gia mirc d6 6n dinh dién ap. Dé HTD
duoc van hanh, tin cdy, an toan, va kinh
té, thi nguoi van hanh HTD can phai
biét hé théng dién dang & dau, ché do
dang van hanh 13 an ninh hay khong,
khi nao thi HTD s€ di vao vung nguy
hiém. Pbi voi trudng hop nguy kich,
nguoi van hanh HTD can phai c6
nhitng bién phap ddi pho thich hop dé
ngan chan sy mét 6n dinh hay sup do
dién ap.

Dé tim hiéu vé su cd, phan tich cac yéu
t6 anh huong thi nguoi ta thudng phai
ap dung phuong phdp méd phong dong
bang cac chuong trinh phéan tich HTD
nhu PSS/E-PTI, EUROSTAG,
POWERWORLD... tuy nhién cac
chu:o*ng trlnh nay thu’O’ng doi hoi ban
quyén, rat dit tién, cac mo hinh thiét b
dong thuong dugc dong kin nhu cac hop
den (khong thé truy cap, thay doi duoc),
gém nhiéu tinh niang khac nhau, phtic
tap nén doi hoi thoi gian tim hiéu lau.

Trong khi d6 Matlab-Simulink 1a goi
cong cu kha phd bién, duoc giang day
trong cac truong dai hoc, dé su dung
cho phép nguoi ding mé ta dwoc nhiéu
bai toan khac nhau, cho phép can thiép,
hiéu chinh cac mé hinh thiét bi. Trong
phan tiép theo, bai bao s& di vao phan
tich m6 hinh dung dé phan tich cac yéu
t6 anh huong dén sup dd dién ap. Cac
két qua khong nhiing c6 thé dugc ap

dung cho cac mon hoc cua bac dai hoc,
cao hoc, ma con dé ap dung cho cac
nghién curu, va ing dung trong thuc teé.

2. NHUNG TINH NANG CUA
SIMULINK

Vi sy tang 1é€n cua cac giao dich nang
luong, su tich hop cic ngudn ning
luong tai tao, dudi ap luc cua thi
truong dién lam cho van dé 6n dinh,
diéu khién dong HTD dang 1a mot yéu
cau cép thiét cho cac nha van hanh va
thiét ké HTD. Bén canh viéc phan tich
trao luu cong sut (de danh gia sy qua
tai, t6n that cong suit, dién ap) thi rat
can thiét phai phan tich vin dé 6n dinh,
yéu t& dong cua cac thiét bi trong hé
thong dién.

Simulink rat phu hop cho viéc mé
phong dong véi su tich hop cac phan tir
trong thu vién thiét bi. Khong nhiing
thé, n6 con don gian, d& st dung, va
dugc giang day trong cac truong dai
hoc k¥ thuat.

Khi ding Simulink dé phat trién mé
hinh ta quan tam dén cac y€u to sau day:

o Tinh mo dun hoa va mo rong mo
dun: Cac méd hinh duge céu tric theo
mot hé théng phan cap rd rang. Vi du,
mot HTD chu yéu duge coi 1a mot tap
hop cua nha may dién, tai, thiét bj
bu..., cac khdi khac, két ndi véi nhau
thanh hé thong mang. Lan luot, mdi
nhd may dién 1a mot hé théng phu tao
thanh boi mot mdy phat dién dong bo,
mot kich thich-AVR, va mot khoi dong
co tudc bin. M6 hinh khac nhau cho
cac khdi ¢ thé duogc trao dbi dd hoa;

o Sit dung don gian: mdi khdéi mo
hinh dong c6 giao di¢n nguoi dung -
may than thién cho phép thu thap dir
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li¢u va tu dong khdi tao bién trang thai
ndi bd cta minh tir mot cAu tric dix liéu
mé ta cac diém hoat dong ban dau. CAu
trac nay cling nhu ma tran tong dan
mang Y duoc tao ra tu dong bdi mat
chuong trinh bén ngoai;

o Kha ndng truy cdp, diéu khién mé
hinh: céc khdi d6 hoa md hinh thiét bi
phul hop v6i cac md hinh 1y thuyét va
cac bién giao dién giira khéi. Lap trinh
thi thuat va phim tit c6 thé tranh duoc
& mulc cao nhit, thim chi gidm nhe
khéi lwong tinh toan.

Nho cdc md dun va cac mo hinh trong
thu vién, ma Simulink dwoc dung dé
mo phong mot loat cac hién tuong,
chang han nhu:

e On dinh géc rotor: 6n dinh voi
nhiéu loan nhé, (giam dao dong dién co
trong HTD) 6n dinh qua do (dap tng
v6i ngan mach);

o Diéu khién va on dinh tan sé: Diéu
khién tan sd tai, cac dap Gng cla tuabin
thuy luc, hoat dong tach dao sau khi
HTD bi chia tach;

e On dinh dién dp: ngan han (do tac
dong cua dong co cam ung) va dai han
(tac dong cua céc thiét bi nhu ULTC,
OEL, phuc hdi tai).

Céc phan tich bd sung dugc thuc hién
trong moi trudng Matlab co ban, co thé
su dung cac m-file.

3. MO HINH TOAN HOQC CAC
THIET BI

3.1. Phuong trinh moé ta hé
thong dién

Ph}rong trinh mo ta ché do xac lap hé
thong [2,3]

Trong do: I, 1, V,, V), 1a hinh chiéu cua
I, V trén cac truc toa do

Ix, ]y; VX/ V}’/
I.=\M\|;I[=|M/\ V=M V=M

I-*.\ [}’:\v I/-*.\ V)’N
Tur do ta co:

HEHHH

Phuong trinh vi phan moé t& HTD dung
trong Simulink

i=f(xV.7,) (1)
I=h(xV.V,) 2)
L=h(xV.7,) 3)

1] [¢ -B][V.

Al e
Trpng do, céac rang budc dai sb (fl) co
thé duoc xur Iy trong Simulink. Pé don

gian trong tinh toan ta c6 thé gian wdc
mot sO bien V, V,

Dbi v6i nhitng phan tir chinh cuia HTD
(Nhu may phat, tai, thiet bi bu...) thi A,
h, c6 thé dugc viét nhu sau:

ho| 14, A |V | | /&
Lﬁ]_{@ AJDMV}}{L,&J ®)

V6i gia thiét rang thanh phan thi nhét
1a dong dién thay ddi tuyén tinh voi
dién 4ap, con thanh phan tht hai phi
tuyén D(x) va @y(x) khong phu thude
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vao Vy V. Do d6 (2), (3), (4) co thé
duoc viét nhu sau:

G-4, -B-A[V.] [f® §
Ba, G, v | ne|
Nhu vay, véi mdi gia tri cua x, ta
s€ uoc luong dugec D(x) va Dy(x) va
gidi (6) tinh duoc V, V, do do6 s€ tinh
duoc x.
3.2. M6 hinh phu tai

Gia st phu tai dugc mo ta duodi dang
tong dan nhu hinh vé:

G/+jB !

Hinh 1. Mé hinh phu téi dang téng dén

Tacé: 1, +jI, =-(G, +jB/)(I/x +J'Vy)

Khong co bién trang thai x, b?mg viéc
phan tich thanh phan thyc, phan ao
ta co:
Axx = _GI ; Axy = Bl ,
Ayx = _BI , Ayy = -G[
f.x)=0;1,(x)=0
Véi phu tai phi tuyén dang ham sé mi:
P=Ff.V); 0=0,/,(V):
Biéu dién dudi dang tai khoi phuc
(7=0,05-0,10s):

2 2
V V
P=z,F, (Zj 7 0=1z,F (70]

e (VY
TZP—f;,(V) ZP(VJ ’

0

Do do:
F, o
0, F,
A =z,— A =-z,—
V. ¢ V()Z W P 02
f; :0"fv =0

3.3. MO0 hinh may phat dién
dong bo

So dd véc to trén hé truc toa do d-q cua
may phat nhu hinh vé:

Hinh 2. Sor dé véc to mdy phdt dién

Bién ddi tir hé truc toa d6 d-q thanh hé
truc toa do x-y ta co:

Vo) (-sind cosé |(V, |
v, cosd sind )\ V, )
\——ﬁ/——J

1()

Bién d6i Park tai stator ciia MPD ta co:

V:l _Ra X”q ILI -1
=- - a)N PLPr er l//r
Vo) X% RO,

Trong do6: P la toén tir Park, w, l1a tu
thong rotor, Lp, L, 1a cac thanh phﬁn
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cua ma tran L, dién t4 moi lién hé tir

cam trong bién doi Park.

DPé don gian hoa, ta gia sut R, = 0,
X", = X", phuong trinh stato c¢

X/‘)d
thé dugc viét lai:

1

[IX]_ _0 -X” (ij
1) |1 14
Yy 0 y
X”
0
-a)NT(é)
X!I

Do do:

A, =04, =-1/X" 4,
=1/X"4,=0

J.®)

S

~o,7(9)

Cco

0
1/ X"

3.4. M6 hinh thiét bi bao vé

1 kich tu
X PL Ly Mot trong nhung thiét bi quan trong
0 7T ctia MPD 1a hé thong kich tir. So d6 hé

théng kich tir nhu hinh v& 3. Nhiém vu
chinh 14 cung cap dong dién kich tir cho
méy phat trong ché d6 binh thuong va
su ¢d.

| ez
i [V + 21|

a I ]
1+ Gy G us
1450 |1tsTd |1+
iy ey
sKy
1+ 5Ty
L
1 1
G, 'S — -
; Ta ]
iy
Hinh 3. So’ d6 hé théng kich tir
Ky I
g o 2
- of % &l
A EA o1 ﬁv“l,"‘.
¥ o | S [ o = =
-1
) Ll—” veo
@ é: Fie
1 Kz =0
od K= 0
"] Ly=0
-t d<

Hinh 4. So’ d6 bédo vé qud kich tir
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Khi su ¢ hé thdng kich thich s& ting
dong cudng buc dé nang cao 6n dinh,
tuy nhién thoi gian kich thich cudng
btirc dugc gioi han bdi by bao vé qua
kich tur.

Bd bao vé qué kich thich tac dong s€
han ché cong suat phan khang dau ra
cua may phat, n6 thuong tdc dong voi
dac tinh thoi gian phu thudc.

Céac ché d6 1am viéc:

Khéi 1:

u=-1néul;-dI/"<d<0
u=0néud<I-I/" <0

u=1Ir- I/ néu Ip- /'™ > 0

Mot gia tri: I, > Ifﬁm duoc thoa man
trong khoang thoi gian 7:
21 P L

*_lim S 1
R

La mot dac tinh thoi gian phu thude
(dong dién qua kich thich cang 16n, thi
thoi gian tac dong cang nhanh). Nguoi
ta cling c6 thé dat thoi gian tac dong
doc 1ap boi khbi 4.

4. MO PHONG PONG CAC YEU

T6G ANH HUONG PEN SyP PO
PIEN AP BANG SIMULINK

4.1. Cac yéu t6 anh hudéng dén
sup do dién ap

On dinh dién ap: 1a kha nang cia mdt
HTD tiep tuc duy tri gia tri moédun di¢n

380 kv

ap cac thanh gop trong HTD trong mot
dai cho phép sau khi trai qua su cd
(hodc hién tuong khong binh thuong)
tr mot diéu kién van hanh xac lap
ban dau.

Sw madt on dinh dién dp c6 xu huong tu
viéc cac phu tai dong cd ging khoi
phuc viéc cung cip dién cho cac khach
hang & cac thanh gop cua hé théng
phan phdi ma su khoi phuc nay lai 16n
hon kha ning cung cip cong suit tac
dung va phan khang ctia ca hé thong
truyén tai va hé théng may phat.

Sw sup do dién dp (Voltage collapse—
VC): Khai niém vé VC 1a qua trinh ma
& d6 mot chudi cac su kién mat on dinh
dién ap dan dén su sup dd hodc su giam
thdp dién 4p mot cach bat thuong dién
ap & mot phan hodc ca HTD.

Sup d6 dién ap 1a mot quéa trinh bién
dong phuc tap, 1a két qua cua nhiéu
nhiéu thiét bi trong HTD nhu 1a: sy tac
dong cua cac thiét bj didu chinh ty
dong dién ap nhu cac may bién ap co
bd didu ap dudi tai (ULTC), may phat
dién c6 bd gidi han kich tor (OEL),
dong co dién (BC).

4.2. MO0 hinh hé thong nghién
clfu trong simulink

Mo hinh HTD nghién ctu dugc mo ta
trong hinh 5.

network

(equiv.)

Hinh 5. So’ dé hé théng dién nghién cuu [3]
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HTD tuong duong dugc md ta boi so e  Taila tai dong co va loai ham s6 mi;
do6 thay thé Thevenin:

° May phit dien (MPDB) 1 18 mdy =0 ien o0 06t dong didu 4
phat dién dong b(f)’ cuc an, cd h¢ thong dudi téiy (ULT C)I') Idong p
kich tir, c6 hé thong gidi han kich tu ’

(OEL), tua bin hoi nudc va hé théng e So do hé thong trong Simulink.
diéu tdc tua bin;

e Tu bu tai ntt phu tai 4;

THEWEHNIN

1] EQUNALENT

@ LTC CONTROLLED
LoaD

bus 3

BOUELE-CLICK
HERE TO
INITIALIZE

Hinh 6. So’ d6 hé théng dién nghién ciru trong Simulink

So d6 khéi ciia may phat dién tuabin hoi nuéc:

Hinh 7. So’ d6 khéi hé théng diéu khién mdy phdt dién

s6 7-2014 17
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Hinh 8. So’ db chi tiét diéu khién mdy phdt dién

4.2. Nghién clru sup dé dién ap  han lién quan chi yéu dén tac dong cia

trong khoang ngan han
Mit 6n dinh dién ap trong khoang ngan

dong co dién.

Bdng 1. Kich ban sw ¢6 sup dé dién dp véi sw c6 mdt cia déng co dién

P4 Q4 P4 motor Q4 motor PMPDZ VMPDZ torL
MW) | (MW) (MW) (MW) (MW) (pw) (s)
900 450 600 100 300 1.0 t=60s

Kich ban sy cb: tai 7 = s, xay ra sy ¢d
tai mot duong day ndi tir nit hé théng
dén nut 3, thoi gian m6 phong 150s dan
dén ting tong tro tir hé thdng, ting ton
that dién ap, cong suat.

Trong hinh v& 9, khi méat mot duong
day néi tir nat 2-3 lam cho ton that
cong suit phan khang tang 18n, dién ap
nat 3 giam xudng, 1am cho dién ap nut
4 cling giam xudng.

18
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Tai thoi diém ¢ = 20 s, by ULTC cua
cac may bién 4p tac dong ting dién ap
1én, nhung dong thoi lam ting dong
kich thich.

khi ¢ = 60s, b0 gioi han kich tur tac
dong, giam cong sudt phan khang dau
ra cia MPD sb 1 thi dién 4p giam qua
thip 1am dong co dién ngimg quay -
hién tugng tu dung DC.

Ll dEBE 2 aw

oo ARBRE B AR

Téc d6 ciia may phat dién

bi¢n ap nt 3

Hinh 9. Sy bién thién cda dong dién déng
co, dong dién kich tir MPD, téc d6 MPD
va dién dp nut 3

Khi dong co ty dung, dong dién chay
qua PC bing khong, va dién ap tai
thanh gdp ndi PC ting lén, va cac DC
lai m¢& may, tao ra dong dién mo may
c6 gia tri 16n, dién ap lai giam thap, qua
trinh ctr tiép tuc doi hoi cac may phat
phai lién tuc ting cong suat phan khang
dé cung cdp cho qua trinh ty mé dong
co dén sup do dién ap hoan toan tai thoi
diém ¢ = 80s. C6 thé ndi day 1a truong
hop nguy hiém nhéat ddi voi sy an toan
cua HTD.

4.3. Nghién cifu mat én dinh
dién ap trong khoang dai han

Kich ban su ¢d: tai z = 1s, x4y ra su )
tai mot dudng day ndi tir nut hé théng
dén nut 3. Dan d&én tang tong trd tir hé
thong, ting ton that dién ap, cong suét.

Tai thoi diém ¢ = 20 s, by ULTC cua
cac may bién 4p tac dong ting dién ap
1én, nhung ddng thoi lam ting dong
kich thich. Nhung do thiéu hut cong
suat phan khang trong hé thdng nén
dién 4p coa nat 3 giam thap tir 1,01
xubng 0,73pu. Kéo theo dién ap nut 4
cling giam tir 0,95pu xudng 0,73pu.
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Trong cac hinh dudi, ta thiy rd tac
dong cua hé théng ULTC, va OEL (tac
dong lic 1 = 60s) dé gidi han cong sut
dau ra. Sau khi OEL tac dong thi dong
kich tir khong ting 1én nita, chdng qué
tai cho MPD1. Diéu nay lam cho dién
ap giam, gdy ra mat on dinh dién ap
trong hé thong.

»ip

SB Lero hEE B EF

i gen
SH|LALPL ABBE B AT

Hinh 10. Sy bién thién cta dong dién
doéng co, dong dién kich tir MPD,
téc dé6 MPD va dién dp nut 3

Dong dién kich tir cia may phat dién

Bdng 2. Kich ban sy ¢6 mdt én dinh dién dp

P4 Q P4 motor Tu bl‘l PMpgz VMPDQ tOEL
4 (MVA) (MW) (pu) (s)
1500 750 600 300 1.01 t=60s
5. KET LUAN Cac mo phong dong da chi ra cac dap

tmg cua cac thiét bj dién quan trong
nhu may phat dién, may bién ap coé bo
di€u chinh dién 4p dudi tai, thiét bi gioi

Bai bao di trinh bay vé viéc tmg dung
Simulink trong mé phdng dong céac yeu
to anh hudng dén mat 6n dinh dién ap.
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han kich tir, cac loai phu tai khac nhau
khi ¢6 su ¢ trong HTP. Két qua mé
phong da ching minh tinh chinh xac
ciia cac mo hinh dong so véi cac két
qud nghién ctu truéc day. M6 hinh
Simulink 1a don gian, hiéu qua trong
viéc nghién curu, danh gid cac md hinh

Viéc tim hiéu cac yéu t6 anh huong dén
6n dinh dién ap giop nhitng nha k¥
thudt tim ra nhimg bién phap dé khic
phuc mdt cach hiéu qua thong qua vige
md phong dong.

Cac két qua nghién ctru nay co thé ap
dung cho cac bai giang bac cao hoc tré

dién khién HTD. 1én, va cac nghién ctru cho hé thong 1on
hon trong thuc te.
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[12] Thong s6 hé théng dién

BUS 1 380.00 0.0 0.0 0.0 0.0; LTC-V 3-4 4 80. 110. 31 0.01 1.0 30 10 ;
BUS 2 20.00 0.0 0.0 0.0 0.0; GENER111 0.0 0.0 1.06900.0 -
BUS 3 380.00 0.0 0.0 0.0 0.0; 9999. 9999. 1;

BUS 4 1500 00 0.0 00 0.0; GENER 222 450.0 0.0 1.04500.0 -

9999. 9999. 1,
BUS 5 380.00 100.0 20.0 0.0 0.0; GENER444 00 0.0 0.0 9999. -

LINE 1-3 13 0. 79.8 0. 1350. 1; 9999. 9999, 1:

LINE 1-3b 1 3 0. 79.8 0. 1350. 1; SLACK 1 :

TRANSFO 2-323 0.0 8. 0.0 0.0104.0  GROUP3'2'2.1 2.1 0.1 0. 0. 50. 0. 0.
0. 500.0 1; OXL'2' 0. 2.825 20. 20.;

TRANSFO 3-44 3 0.0 8. 0.0 0.0 106.0

0. 750.0 1:

LINE 3-5 350. 5.7760 0. 1350. 1;
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