1 Regulace napéti

Tercidmi reguiace ASRU systém sekundémi reguiace
uQ uQ
Regulace U pilotnim Regulace UaQnael.

wzlu bloku
ARN, -autormaticky regultor napéti sekund4mi regulator Q
(umistén v pilotnim uzlu PS) (umistén na el. bloku)
sekundami regulator Q
ARN_-automaticky regultor napéti — . (umistén na el. bloku)
2 icky reg napct skupinovy regulator Q
(umistén v pilotnim uzlu PS) (umistén na dekrams) A
L - = sekundami regulator Q
ARN, -automaticky regulator napéti L. B P
Fum'stén vplotnimwAuPs) /.. sekundémi regulitor Q (umistén na el. bloku)
(umistén na el. bioku)

ARN-automaticky regulator napéti +
skupinovy regulator Q
(umistén na elektramé)

Terciami regulator
(umistén v dispedinku
provozvatele PS)
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2 Regulace napéti
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3 Regulace napéti
e Primarni regulace
1
U=Uy=72—0
. q (polohovy tvar)

1
AU+—AQ=0
7 ~C

. q (ptirustkovy tvar)

1/ Bq : statika primarni regulace,
zadané napéti naprazdno, zadava terc.reg.
0: jalovy vykon stroje

e Sekundarni regulace generuje pozadované hodnoty pro
jednotlivé obvody primarni regulace na zéklad¢ fteSeni
regulaéni rovnice sekundarniho regulatoru fizené
lokality.

o (ARN) automatické regulatory napéti

o HRT (hladinova regulace transformatoru) s cilem
udrzet hladinu napéti sekundéarni strany na zadané
hodnoté.

® Terciarni regulace (TRN) je centralizovana sluzba,
koordinujici toky jalovych vykont a velikost napéti pro bezpecny
a ekonomicky provoz ES jako celku.

~ U 2
S = _]W+]U

~——...rovnice kruz“nicev{P,Q}
XZ z

e,U U?
polomér = g , stied = {O J _}
XE XE
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4 Regulace napéti
Citlivostni matice.

Krok vypo¢tu ustaleného chodu:

dekompozice(AP = O)
_[ep op
AP| |06 oU | A8 T ~
[AQ}‘ 0 @LU}:{AUHC”] [40]=[z][AT]
06 oU

- aQ o0 oP ! oP %R A

06 86  oU
[Cu] citlivostni matice napéti ve které i-ty
"""""" diagonalni prvek urcuji vlastni citlivost
uzlu
K A horni (dolni) trojahelnikova matice
Y= obsahujici vlastni vektory matice Cu
A diagonalni ¢tvercova matice vlastnich Cisel
Yo oo matice Cu.
AL, AU vektory zmén uzlovych proudi a napéti
[ Z] _ [Y]_l impedanc¢ni uzlova matice soustavy
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5 Regulace napéti

Ekvivalentové usporadani:

transformace

transport n:1

Zy =R+ jX, = Ze

S, =P +j0O,

'1" odbér
Idealni 3 $

zdroj T

L

transport

S, =P +jO,

Z, =R+ jX, = Z, "

- jo
=U,e

S
®

Idealni
zdroj

ZL =R, +JjX,

9
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_ Jér
=Ze

RL + jXL

Z,=

6 Regulace napéti

Z odstraneni transformatoru

prepoctem na U,

1
—j——....kapacita

E 0 _
7 Z L Z, —
Dr ’ . Zk — k
JoL,......indukcnost
@
Zi,
Teveniniiv ekvivalent s P _ 47
T~ 5 ’ = !
Z, Z,, iz,
pr
E E'
U, 7 7Zk ’
: Pr E'Z,
E = Z’ = ; pT
72" +ZK ZT +Zk
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7 Regulace napéti
jroBoUe ™ o s B2V p (1+2gp)
Zee Tt T g e LTEe

EZ
pro € =7x /2 a zkratovy vykon: Sy = X—
T

P g
U E U E U: \
S, =——Lt—=sind + j{—E—cosd ——E}..ze strany zdroje
XT XT XT

—

S, =U; (G, +j1gp) G,.vodivost zdtéZe
Uz EU, Y

O+—L | +P?=| —L
XT XT

EZ Sﬂ 2
Feseni pro U, :U; ZT—Q.X i\/(;"j —(P2 + S,:')

4

2
(P2 +0S ,;’) < (%) podminka pro realnéfeseni

P = (%) pri 0=0

S”
O = (f] pii P=0

maximalni hodnoty
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8 Regulace napéti

vztazné hodnoty :

, U; 1
Sb:Sk, UbZE, Zb:S—Z:XT,Gb:Z—b:
pomérné hodnoty :

PL QL UL GL

:—’ :—, u :—, =
P S, q: s, LT g 81 |
XT

hledané napeéti -

U, = >
\/gi +(1+ g, 120)

clc;clear all
% vypocet pv krivek
tgfi=[207210.50.250-0.25-0.51];
£=(0:0.01:200)";
j3=ones(1,size(tgfi,2));

ww=1./sqrt(g.”2*};;+(1+g*tgf1).”2);% napéti

pp=ww."2 .*(g*}j1); % ¢inny vykon

for s=1:size(tgfi,2)

qq(:,8)=pp(:,s)*tgfi(s);% jalovy vykon

end

plot3(pp,qq,ww,'LineWidth',2); grid
title('normované p-q-v charakteristiky ')
legend('20', 7', '2' ,'1','0.5" ,'0.25' ,'0" ,'-0.25", '-0.5")
xlabel('==> p{p.u));ylabel('==> q{p.u));
zlabel ('==>u(p.u)")
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9 Regulace napéti
&) (5

ool (ol L (EUY s
@] +2Q{Z}+{Xr} +P _[ X, ] I*X;
(0> + P} x2 +20x, (U2} +{U2) = B2 {U2)

(U2 +(20x, - E?) U2} +{0% + PP} X2 =0

2 20X, - E*)
R

2 40X} - 40X, E* + E*
R

E? E* OF?
2 — — — 2 —
{UL}LZ_ > X,iX,\/4 - {p +

p=u;g, q=u,gIgy

1 1 2
uj = E—ufgfg(pi\/z—{(uig) +uig-tg<o}

1+ \/1 74{(u§g)2 +u§g.tg(p}

2

1 1
u; (l+g.tg(p) = Ei\/z—{(ng)z +u§g.tg(p} =

1
ML =
\/gf +(1+g,180)
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normované p-g-v charakteristiky

==>  qgfp.u) 05 1 ==>  pp.u)

Normovane charakteristiky
14 ; ‘ ‘ ‘ : ‘

T T e e
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11 Regulace napéti 12 Regulace napéti

Zy=2,+7,
u | A ~
; LA
s -~ EZ G E  EZe’™
SL=U.I=ZL.Z* L
————/_ _ \\ IS ‘Zz‘
N ‘Z ‘2—22+22+Z 242,72 =7+ 7+ 7,7 {ej(gT‘SL)+e“’(ST‘gL)}
~ x| T 7L T TL L=T — “L T TL
N
~ |2
) ‘Zz‘ =7, +7;+2.7,7, cos(gT—gL)
------------ // ~ E*7 o /o
’’’’’’’ -~ S, =23 2 — =P +jo,
Z_ - Z;+Z;+2.Z.Z, cos(e,—¢€,)
- P O, >0 kapacitni odbér,  induktivni dodavka
. Vliv regulace 0, <0 induktivni odbér,  kapacitni dodavka

2 \.\ e P. >0 cinny odbeér P <0 ¢cinna dodavka
s“'\ pro maximalni ptedany vykon (2 L= Z;)a

zkratovy vikon S, = E*/Z,  plati:

2
E”.cosg, 1 S, cosg,

B = 27, {I+cos(g,—¢,)] 2 {l+cos(e, —¢,)}

ejgl E _ 1

Jjé je jler—er) E
e T+e L e T “L +1

U=

—P
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13 Regulace napéti

Stanoveni Z; pro maximalizaci P

polarni tvar:

oP E’cose, [J—ZL (22, +2Z, cos{z; —SL})]

oz, J?

E’coseg, [Zﬁ —Zﬂ
J2

:O:

= Z, =Z, rovnost modulii

2
%:Eng {—J-SingL_Q’ZTZL COSgL Sil’l(é‘T—é‘L)}:
L

E’Z, N .
=0= Ve {—(ZT +ZL)s1ngL -27,7, s1n8T}
pii podmincemodulll Z, =Z, =Z
oP E’Z : :
8_:0: JzL {—222 sing, —27° s1n5T} =S¢, =—¢
gL

kartézsky tvar:

Zy =(Ro+R)+j( X, +X,); sz (R, +R,) +(X; + X,)

== PL=RL12:RLE2
Zs ‘Zz‘

2
OP, _ 2RE (X§+XL)=0=>XT+XL 0
0X, ‘Zz‘

2
oP, E’|Z,[ -2R,E*(R,+R,)
- 4
OR, ‘ Zz‘
Impedance transportu a zatéze jsou navzajem konjugované
Jaroslav Dolezal, Katedra elektroenergetiky CVUT Praha

=0=(R,+R,)—-2R, =0

14 Regulace napéti
| |
l l h
u - . -
: o ~h ; : L
G : :
) i . .1:- ------- ) /
oo ! | A /:
W | : ﬁA l’NlAz E
L :
I 2 H
\ A E
| | =
: : On I E
oM o |
— 0 — 0 o

NG

A

; Q_Q_Q[uj

bilancni podminka pro Q
prozménu zpiisobenou i, :
Or =Ou =0

O, =—hgiiy, =hy,,

Orc OnL

Uy =Upy — Uy,

/b,

hL hG

wkonové cislo

hyh,

A"t ) , .
napetove diference

O,
% Q QU
)
h h y »
u =&=—Au , u =—&=—Au ..... zmény napéti
A2 h h A Al h h A
L L G G

Jaroslav Dolezal, Katedra elektroenergetiky CVUT Praha




15 Regulace napéti

Jednoduchy model transformatoru

o At
p N =
p:l zZ,

z.,z,... impedance sité, impedance nakratko trafa

p...pomérny prevod trafa Au,..ubytek napéti na trafu

e,,i,...pridavnd napéti a proudu

v Al A A A ~ Al A N

smycky: u, —u, —Au, =0; u —u, +e, =0
Al A ~
—L=-L1 4 =u,+Au, =—
=77 -
P p
ul — p(“z +AMT)7
ep:ul _ul:ul ~p ) lp:—p
p Zs+Zk
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16 Regulace napéti

Regulaéni transformator a metodika vypoctu napéti.
Ptedpoklady:Transformator je bezeztratovy
Vztazna napéti jsou napéti site.

U,r1oU,725U 515U 51--.. jmenovita napéti trafa a sité

nT1°>~ nT2>> nS1°
U U ~ ~ .
p=—L p,=—L p.=1p, = Pr prevody soustavy,trafa
U,s U, P
U,,U,,u,u,...... skutecna napéti v SI a p.u.
- _ U i T2 Sy 3 ‘Hoch N4t
| = U, ....pomery jmenovitych napetli
UnSl nS2

zobrazovani skutecnychnapéti v p.u. charakteristikach
U2=ﬂ:uz=ﬂ L S u 25 =
Pr Pr U,s, Pr Unsz pT

je— li S 21 nezobrazi se pracovni body primaru a sekundaru
Pr

do jednoho bodu = vznik4u

U,=U,,-U,,Uy,=U,.,,-U,.;,..diference jmenovitych napéti
- u, -~ U L . ,
i, =—2L,i, =—2%......pomérné hodnoty diferenci
UnSl UnSZ
U, =il, — i, =u,, —il,,..rezultujici diference (nesoulad) napéti
k — 1/72 _ pS k . vy 4 . ’
\ = — =—....koeficient napétovych diferenci
u,  Pr
UnTZ il'
f—jL\
U, tU,, Uy 141y, . - N -
L= nS2 A2 nS ~A2 =(1+UA2)(1_UA1)=1+(UA2_UM)
Ug+U,, Uk, 1+ Al

%/—’ . .
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17 Regulace napéti

vazba mezi h, .k, a u,

zndmé vysledky h, :%, k=22
¢ Th u,
ﬁAz QA :h_AﬁA, ~A1 _%:_h_A~A
h, h h, h,.
Uy =, ulz(kA 1)u1:(kA 1)(“0"‘%1)
~ h, .
A—(kA—l) u, h—AuA
G
- h
uA{1+(kA—1)h—A}:(kA_1)uo
G
h h
A{ (A )hc;} ’ (A )hG+hL
g he+h, —h, +k.h, s h, +kh,
: h+h, “ h,+h,
i h. +h, (A_l)uo
h. +k.h,
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Ky
—

u, =k, — Aup =1+ Auy = (141, ) (1+ Au, ) — Au,
Auy=Auy+ii \, —Aup =u, =u,+,,—Auy...vysledek
jiny zpusob:

— Ul _Unsl , Au2 — , AMT —

nsl ns2 ns2

dosazenim (@) do modelu transformatoru :

U, - AU,

ns?2

Au, (a)

Aulljnsl + Unsl = AuZUnsZ + UnSZ + AuTl]n:Z ‘pT
%,—/
U | U. ) AUr
/ pg
f_H

Au1+1={%jpT(Au2+l+AuT).

nsl

Au, = LL (A, +1+ Auy).p, —1 (b)
Ps

vyjadieni prevodu trafa pomoci sité :

UnTl UAI + Unsl Unsl 1 + uAl .
pT UnT2 UAZ + Uns2 UnSZ 1 + uAZ ps ( ’ MAI )( qu )
pT:ps(1+ﬁAl_ﬁA2) :pS(l_ﬁA) (©)

b—c:
pr/ps
/_/%
Au, =(1—12A)(1+Au2 +Aur)—1=—ﬁA+Au2+AuT

Au, = Auy + ity — Aup, = u, =u, +il, — Au,...vysledek
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19 Regulace napéti

-
.O'Pfenosové 3
s_ soustava
Se cace"’ ’ '\ I
Kontrolni 1 2

Au " bod
Al/l' — U (Smin ) U
U, ’
U,
I Pranik hodnot
B
A Bod s
nejvétsim
Bod s P Uubytkem
nejmensim

Ubytkem

| S -
A e
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20 Regulace napéti
P1:Stanovte napetovy profil schématu:
- — — 1-2 AUT 3-4
E AU"Z E AUz,s E AUs,A E Au'(%) 3 2 4
vi V2 A" (% ) 6 |4 |7
220 kV 110 kV
231£5%/121 | . ;
bo. s, lo. 4o
viiv prevodu :
T ﬁA — ﬁAZ _ﬁm — UnT2 _Unsz . UnTl _UnSl — UnT2 . UnTl =1y, — iy,
UnS 2 UnS 1 UnS 2 UnS 1
%
5% i, = 2b _23WHSTIL_ 0052 09
110 220
0% :u, :E—Ezl.l—l.OS =5%
110 220
_ K%k
—5%:L7A:121—231 > 2'31:1.1—0.9975i10%
110 220
Napétovy profil
Aul Au, = Au,y = Au, =
Auy+Auy, | Au, =i, +Auy Au; + Ausy,
Au" | 3-0+4=7 7+7=14
0% -3 -3+6=3 | 3-5+4=2 2+7=9
% 3-10+4=-3  |-3+7=4
Au' [ -2-0+2=0 0-+4=4
% 5 |.543=22 | 2-512=-5 5+4=-1
5% 2-10+2=-10 |-10+4=-6
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21 Regulace napéti

Priklady:

P2:V transforma¢ni stanici T1: 400/121/10.5
napajené zdrojem co vykonu prenasejici na odbocce
U, =110kV yykon S, =(180+ j90) MVA

do zatéze s u, =smvar/iv

Stanovte zmény pfi prepnuti v,,, > v, =121
vychozi stav:

ﬁlenT]:@:; ~2:U11T2:M:1; kA:Li_Zzl
U, 400 U,, 110 i
h,=H,U . =5%110 =550 MVAr
U’ 121 i
stav po prepnuti: U, =—1T2="_=1.1 '=—2=1.1
po prep *TU,, 110 TG
i, =1-1=0, i, =i, =i, —ii, =1.1-1=0.1

Q, =h, *u, =550%0.1=55MVAr; zména vykonu vlivem prevodu
0=0,+0,=90+55=145 MVAr.

Vliv prevodu u,

Jaroslav Dolezal, Katedra elektroenergetiky CVUT Praha

22 Regulace napéti

P2: V Transformovné T1 z P1 napajené zdrojem konecného
vykonu s Hs=10MVAr/kV stanovte Uy, U, a Q
a) Pfi AQ=50 MVAr a zachovéani charakteru zatéze.
b) Pii ptepnuti v, =110kv > U, =121 k¥

c)a+b
pripad a)
h.=H_U . =100%400 = 4000MVAr
po=n L= 5502930 _gs5 56 pyar

0

hg =h, +h, =4000+855.56 =4855.6 MVAr

au=-22__ 0 _ 40103
h,  4855.6

u=u,+Au=1-0.0103=0.9897

AQ; =—hzAu =—-4000*(-0.0103) =41.2 MVAr

AQ, = h,Au=855.56%(—0.0103) = —8.8 MVAr

AQ =AQ,; —AQ, =41.2—(-8.8) =50 MVAr.....kontrola
0.=0, =0, +AQ, =90+41.2=131.2 MVAr

jinak: Q, =0, +AQ+AQ, =90+50-8.8=131.2 MVAr
U =Uy,+Au*U,g =400+(-0.0103) *400 =395.88 k¥

AU1 -4.12
U,=U, +Au*U,, =110+(-0.0103)*110=108.867 kV/
— -~ _
AUz -1.133
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23 Regulace napéti

pripad b)

stav po prepnuti :

=G 12040 et L
U, 110 i,

Au=il, - =1.1-1=0.1

- h.+h

g, = e gy, = 29007330 gy ) 12 0.098806
he, +kh, 4000+1.1*550

_hgh,  4000%550

= ~ = 483.5165
h.+h,  4000+550

i, =ty 24833105 6oee06 = —0.011944
hG
i, =My, 3835165 08806 - 0.08686
hL

u, =u, +d,, =1-0.011944 = 0.98806
U, =uU , =0.98806*400 =395.224 kV/

w, =u, +ii,, =1+0.08686 =1.08686

U, =u,U , =1.08686*110 =119.555kV’

O, =h, *ii, =483.5165%0.98806 = 47.774 MV Ar;
0 =0, +0, =90+47.774=137.774 MV Ar.
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Viiv prevodu

. O

Jaroslav Dolezal, Katedra elektroenergetiky CVUT Praha




25 Regulace napéti

pripad c) na vysledky pripadu a) se seperponuje pripad b):
vysledky a :

u, =0.9897, O, =131.2MVAr

h, =4000 MVAr, h, =855.6 MVAr, k, =1.1

_ heth
b b+ kb

= 20004850 1 1) .0.9897=0.097256
4000+1.1%855.6

_ hsh,  4000*855.6
b h,+h,  4000+855.6

(kA —l)uo =

=704.8085

i, =g 048085 0rs6 = —0.0171367
h, 4000
i, =My - 7048085 ) 107256 - 0.08012
h, 855.6

u, = u, +ii,, =0.9897 +(-0.0171367) = 0.97256

U, =uU g, =0.97256*400 = 389.024 kV

1, =u, +ii,, =0.9897 +0.08012 =1.0698

U, =u,U ., =1.0698*110=117.678kV

O, = h, *ii, =704.8085*0.097256 = 68.547MVAr;
0 =0 +0, =131.2+68.547 =199.747 MVAr

Jaroslav Dolezal, Katedra elektroenergetiky CVUT Praha
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26 Regulace napéti

Vliv prevodu+zmeéna zatizeni
hG

Jaroslav Dolezal, Katedra elektroenergetiky CVUT Praha
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