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#OPMYIIA BHE3AIlH0r0 TPE$A3H0r0 KOPOTKOrC' 3AMŁIKAHH3 ACHHXPOHHBHPOBAHHOFO 
CHHXPOHHOr'O FEHEPATOPA

P e 3K>Me. B e n H H H H a  T O K a  BHe3arrHoro T p e x t j ; a 3 H o r o  K o p o T K o r o  s a m i K a u r s !  

a c n x p o H H 3 H p o B a H K o r o  C H H x p o H H o r o  I ’ e H e p a T o p a  saBHCHV o t  HauanbHoii <t>asw 
3IIC H O T  CKOłlb *eHHH. BblBefleHHUe 4>OpMynbl T O K a  (6) no3BOJlSIICT paCCHHTaTb 
4' a s b i  3 J IC  m c K o n b * e K H e  r i p n  K O T o p b ix  n o j i y n a e T c n  H a H 6 om > W M ft t o k  K o p o r x o r o  

s a M b i K a u m i .

EQUATION OF TRANSIENT SHORT-CIRCUIT CURRENT OF THREE-PHASE SYNCHRONOUS 
GENERATOR WORKING IN ASYNCHRONOUS STATE

Summary. The paper presents the mathematical model of a synchronous 
generator working in asynchronous state. Based on this model 
equation (6) describing the transient run of three-phase short- 
circuit current was derived. The equation shows that the current surge 
depends on both the voltage phase at the time of short-circuiting and 
on the slip. We can determine the voltage phase and the slip which 
yield the greatest value of the current surge. If the slip is equal to 
zero, equation (6) is simplified into formula (7) describing the 
transient short-circuit current of three-phase synchronous generator.

RÓWNANIE NIEUSTALONEGO PRĄDU ZWARCIA TRÓJFAZOWEGO GENERATORA 
SYNCHRONICZNEGO ASYNCHRON1ZOWANEGO

Streszczenie. W artykule przedstawiono model matematyczny 
generatora synchronicznego asynchronizowanego. na podstawie którego 
wyprowadzono równanie (6) opisujące przebieg nieustalony prądu 
zwarcia 3-fazowego. Z równania tego wynika, że wartość udarowa prądu 
zależy nie tylko od fazy napięcia w chwili zwarcia, lecz także od 
poślizgu. Opierając się na równaniu (6) można określić zarówno fazę 
napięcia, jak i poślizg, przy których uzyskuje sie największą wartość 
udarową prądu zwarcia. Przy poślizgu równym zero równanie upraszcza 
się do zależności (7) opisującej nieustalony prąd zwarcia 
3-fazowego generatora synchronicznego.
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B TeseHHe pana neT Ha xai}>enpe "snexTpoiiexaHHxa" EpeBaHCKoro 
nonHTexHHHecKoro HHCTHTyTa npoBonaTca hccnenoBaTenbckhe h xoHCTpyxTopcxue 
paSoTM B OÖnaCTH aCHHXpOHH3HpOB aHHblX CHHXPOHHWX r eH epaT OpOB (ACT),
paöoTaioEHX B aBTOHOMHHX CHCTeMax 3neKTpocHa6*eHHa.

r ip O B eneHHbie HCcnenoBaHHa no3BonwnH pa3pa6oTaTb xoHCTpyxuHio ACr MoiuHocTbß 
B 50 kBt, KOTopbiß B HacToamee BpeMH HaxoflHTca Ha CTannH H3roTOBneHHa.

Una oueHKH TexHHnecxoro ypoBHa cnpoexrapoBaHHoro reHepaTopa u yTOHHeHHa 
xapaKTepn c t h k  h  nexonnxH npoeKTHpoB aHHa npennonaraeTca npoßecTH oöuiHpHbie 
3KcnepHMeHTanbHbie HCcnenoBaHHa no cneunanbHO cocraBneHHofi rrporpafme.

Pa3pa6oTaHHbie no HacToaiuero BpeMeHH acHHxpoHH3H poB aHHbie reHepaTopu 
npenHa3HaHanHCb nna napannenbHoń paöoTbi b moihhmx SHeprocHCTeMax h nosTOMy 
npoBeneHHbie npwiieHHTenbHO k hhm TeopeTHHecxHe HccnenoBaHHa 3anacTyio 
HCKraoaanH Bonpocu axTyanbHbie nna reHepaTopoB ManoMoiuHbix aBTOHOMHbix cncTeti.

PaccMOTpeHHe noKa3ano, hto k t3kmm BortpocaM oTHocaTca pe*HMbi Koponcoro 
3aMHKaHHa K3 B ACP.

B naHHoä cTaxbe npHBonnTca BbiBon ^opnynw Toxa axopa BHe3am oro 

Tpextj>a3Horo K3 acHHxpoHH3HpoBaHHoro reHepaTopa.

IlpoBeneHHbiń aHanH3 noxa3an, hto nna peiueHHa naHHOH sanan« nenecoo6pa3Ho 
Hcnonb30BaTb BeKTopubie ypaBHeHHa ACT (3anncaHHue b BHne npHpaiueHHń ) nna 
CHHXpOHHOfl CHCTeMbl KOOpnHHaT H B OTHOCHTenbHblX enHHHUaX.

Taxaa HcxonHaa cHCTeMa ypaBHeHHń HMeeT Bun:

-U = R I + »  /dt+j(w -S)*1 1 1 1  p

U = R I + dł /dt - jS*f f f  f J f
* = X I + X I (1)1 11  lf f

ł = X I + X I .f f f  If 1

3necb : » 11 ^ npnpameHHH HanpameHHa, Toxa h rroToxocuenneHHa o ö m o t k h axopa;
TO * e o6 motxh B 03öy*neHHa; R ^ , R^-axTHBHbie conpoTHBneHna <j>a3

o6 m otox axopa h B 0 36y * n e H H a ; X ^ , X- - HHnyxTHBHbie conpoTHBneHHa axopa h 
HHnyxTopa (cTaTopa h poTopa); X-- - conpoTHBneHne B3 aHM0H H n y x u H H ; u -yrnoBaai f p
nacT O T a BpauieHHa H H nyxTopa; S=(w - u  )/u -cx o n b * e H H e , npnaeM  u -n acT O T a

p  i  i  i
HanpameHHH axopa (b OTHOCHTenbHblX enHHwuax o) = I).
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Bmbon 4>opMynbi una TOKa K3 rrpon3BOflHTca npw cnejqyioiuHX ycnoBHax:

1. KopoTKoe 3aMMKaHH6 HacTynaeT b cnefl 3a  pe*HMOM xonocToro xona j

2. Bo b  p e t i a  n e p e x o f l H o r o  r r p o u e c c a  B enH H H H M  u e n a  B 0 3 6 y * n é H H a  ( H H f l y x T o p a )  H e  

p e r y n H p y o T c a  ;

3. B TeneHHe nepexoflH oro  n p o u e cc a  aacTOTa BpameHaa HHflyxTopa ocTaeTca

HeH3MeHHoñ (w = c o n s t ) .  
p

OaeBHflHO, npH 3 t h x  ycnoBHax CHCTetia ypaBHeHHń (I)-nHHeHHa h e ë  peuieHae 

B03M0*H0 onepaTOpHHM MeTOflOM.

YpaBHeHHa X3 b onepaTopHoä tJxjpMe 3arrHCH nna ACT HtieiOT bhh:

Uxx = R I (p) +p¥ (p)+j(u -S)ł(p)11 1 P 1
0 = RfI (p)+p*f(p)-JSłf(p) (2)

*t(P) = xli1(P)+ xifif(p)

#.(p)= XfIf(p) + XlfIj(p)

C oB M ecT H W M  p e u ie H H e M  ( 2 )  n o n y a a e t i :

Uxx '
IM (p ) = ------------------------------------------------  (3)
1 â .+ (p-jS)

R +(p+J)X 6 ------------
ocf+(p-jS)

3«ecb : uxx -Hanpa*eHHe npeumecTByiomero xonocToro xopa;
6 = 1 -  X^f/X Xf -K03(|xj)HUHeHT pacceaHHa KOHTypoB;

af=l/Tf=-R /Xf -flexpetieHT 3aTyxaHHa o ö m o t k h  B036y*neHHa;

a =1/6T = R  /6X -  n e p e x o f l H b i ä  f l e x p e M e H T  3 a T y x a H H a  o ö m o t k h  B 0 3 6 y * n e H H a .  f f f f

Ana o n p e u e n e H M a  o p a r H H a n a  T o x a  I ( p )  H e o 6 x o n n H O  o r r p e n e n e H H e  x o p H e f t  3 H a n e H a T e n a  

(3). n o c n e f l H H H  m o * h o  y n p o c T H T b , n p H H flB  R^= 0. Torna x o p H H  3 H a c i e H a T e n a  (3) 
c o c T a B H T :

p  = - j  ; p =  - a  ’ +  jS.
M H  J  2  f

H T a x ,  t o k  a x o p a  c o n e p * n T  Tpn  c o c r a B n a c m H e :  y c T a H O B M B iu y io c a ,  n o n y a a e r i y i o  

n O flC T aH O B X O H  B ( 3 )  K O p H a  P  =  0  H U B e  C B O Ö O flH b ie , C O O T B eT C T B yiO lU H e K O pH aM  p ^  H 

p g . H a c T O T a  y c T a H O B H B U ie r o c a  T o x a  p a B H a  H y n io  b  C H H x p o H H o f i  c a c r e M e  x o o p u H H a T  h  

e f lH H H u e  -  b  H e n o f lB n * H b ix  K o o p n H H a T a x  a , b , c .
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Koprno p ^ - j cooTBeTCTByeT anepHonnaecKHö tok aKopa. BcnencTBHe npHHHToro 

nonymeHHa o5 R^=0 b stom KopHe oTcyTCTByeT BeuiecTBeHHaa aacT b, n 3 -3 a  ae ro

n o jiyaeHHoe BupaxeHHe a n e p n o H MaecKoro TOKa cneayeT yMHOXMTb Ha

HblX K O O p S H H a T a X  H H y J I O  — B HenOBB M * H O Ü  CHCTeMe KoopntiHaT a , b, C .
K o p H »  P 2 C O O T B e T C T B y e T  CB oSoflH fcIH  TO K  H H f ly K T O p a .  3 t o T  T O K  B bl3MB a e T  B 

o ô M O T K e  a K o p a  3HC h  t o k  a a c T O T W  C K o n b * e H H a  ( b  c h h x p o h h h x  K o o p A H H a T a x ) .  B 
H e n o H B H * H o f t  C H C T e M e  K o o p j jH H a T  a ,  b ,  c a a c r o T a  T O K a  a K o p a  p a B H a  a a c T O T e  

B p a j t e H H a  H H j j y K T o p a .

Kaue B H flH O , B c e  T p H  c o c T a B n a o i n H e  T O K a  K3 H M e e T  p a 3 H n e  a a c T O T H .  B K O H eaH O M  

c a e T e ,  B n p a * e H H e  a n s  o p n r n H a n a  T O K a  K3 b  c h h x p o h h h x  o e a x  ( b  K O M n n e K C H o ń  

<}>opMe 3 a r m c H )  H M e e T  b h h :

anepHOHHaecKHft tok npencTaBJiaeTca He3aTyxatoEHM. Una yaeTa 3aTyxaHHa

+

Ul (1+S)(a -a )+j[ßl+S)2+a a ]f f  f f T
1

)t
+ e a (4)
X <ri (1+S )z+a'f2

Ui t«f-a fH(l+S)S-Jaf (l+2S)] (-af+jS)t

l0" af 2 (1+2S)2+S2 (1+S)2
e

B CHCTeMe KoopflHHaT a,b,c sto *e Bwpa»eHHe HMeeT bhæ:

i
I_Ct). =* y  * (A +JB )cos (t+a ) +

K A (T 1 1 O (5)
-t/T

+ (A +1B ) cosa • e 3 + 
2 2 o

-t/T <r
+(A +JB ) cos[(l+S)t+a ]e f , 3 3 O

rne a o-Haaajn>Haa 4>a3 a 3flC; Aj( Az> A3>Bit B̂ , B3 - neöcTBHTenbaa h MHHMaa aacTH 
Bnpa*eHHft B (4):
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A = (a’-a )S(l+S)/[a’Z(1+2S)Z+SZ(1+S)2] ;3 f f f
B3 = -aj.(a^-af)(l+2S)/[a^2(l+2S)2+S2(l+S)2].

fljw onpeneneHHSi m t h o b c h h h x  3HaMeHnń t o k o b  Bbipa*eHHe (5 ) uenecoo6pa3HO 

npeflCTaBHTb b  BHfle:

U

I r ( t )  =  i n r  K X <T I cos(t+a +a +T) +
SD1 O S

-t/T
+ I costa +a )e * +

a m o  a

(6 )

+1 cos[(l+S)+a +a ]e
Rm o R

-t/T <r r

= I (t)+I (t)+ I (t),
I n  1 a n  R a n

rae:
I J A2 +B2 a =sm 1 1 s

I J A2 +B2 a =am 2 2 a

J A2 +B23 3

2 2

aR=arctg (B3/A3)

I  ( t ) ,  ( t )  -  n e p a o n n a e c x a s  h  a n e p H o j j H H e c x a a  c o c T a a n a c u m e  T o x ^ a  K 3  a x o p n ;

I (t) - a n e p H O f l H H e c K a a  coCTaBnacmaa T O K a  H H H y x T o p a .
R an

n p e f l c r r a s n a e T  H H T e p e c  p a c c M O T p e H H e  b  b iiu errp H  b  e f le H H b ix  B b ip a * e H H ń  a n a  

c H H x p o H H o r o  pejK H M a ( S  =  0 ) .  T a x ,  n p H M e H H T e n b H O  k  p o p i t e  ( 4 ) ,  c o o t b ©t c t b y w m a a  

3 a n a c b  ( n o c n e  H e x o T o p w x  n p e o 6 p a 3 0 B a H H ń  h  n p e H e 6 p e * e H n a  M a n b im i s n e H a M H  ) H M e e T  

b h h :

1
J *  —  ) t

- j

U u1
- 1  ________  +

1

en h o 1 J ---- *
X

J  ________

X <r1 1
U u1 1 -a tr
X <r X

0

(7)

Kax BHflHO, Bwpa*eHHe (7) coBnapaeT c H3BecTHow <J>opMynoń Toxa BHe3anHoro 
K3 CHHxpoHHoro reHepaTopa /2/.
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3aKJU0MeHHe
1. noKasaHO,HTO BerwsHHa TOKa BHe3anHoro K3 B ACT 3aBHCHT He Tora>KO ot 

HananbHoń <)>a3ti 3flC a , KaK 3TO HMeeT MecTO b c h h x p o h h o m reHepaTope, h o hO
OT B eJIHHHHbl CKOJTbJKeHHH;

2. KaHecTBeHHHH aHanH3 nonyseHHUx Biipa*eHHń n o x a3 an  hx npHMeHHMOCTb nna 
B c e ro  jqHana30Ha CKonb*eHnń, b tom HHcne h nna CHHxpoHHoro pe*HMa, Korna 

tf>opMyna Bbipo*naeTca b H3BecTHoe Btipa*eHHe K3 cnHxpoHHoro re h e p a T o p a  (6e3 

neirn<t>epHb[x oBmotok) ;

3. #opMynw no3Bona»T paccHHTbmaTb 3HaaeHHa TOKa K3 b ACF nna pa3Hbix ypoBHeń 
HananbHoń <J>a3H 3flC a h cKonb*eHHs, HańTH npH stom HaH6onbuiHH (ynapHbiń)O
t o k  K3 h  T e M  caM biM  — y T O H H H T b  y c n o B H s  npoBeneHHH ontrra B H e 3 a n H o r o  K3. 
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