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ABSTRACT 

The equation of variables (EV) is an approximation of a mathematical method. : . . <> used to 
linearize nonlinear equations . 1\ is simple and accurate method and it offers quick solutions. 
This paper explains this equation and uses it to determine the characteristics of 
e\ectromechanicaltransient process(EMTP) in etectrical power systems. 

The ch aracterisllcs of EMTP are studied in this paper in two cases: fi rst, simple disturbance '" 
( as a result of parame:er variation ) and second. large olsturbance (as a resuh of occuring 
single S.C .) In this paper also . a comparison between the proposed method and another 
three methods is presenled . One of these methods has exact solution and the others have an 
approximate one. 
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INTRODUCTION 

Due to rapid growth of electrical power systems, over the pasl few years, stability analysis 
of the system became extremely difficult, even, using the present day computer facilities. 
Dynamic stability of electrical power systems stands as a subject of theoretical and practical 
interesl 

Solution of non-linear equations. describing transient processes in power systems using 
method of optimal control theory directly, is 100 tidious 10 apply {1&2}. 

The output of a conventional transient stability program is analyzed using transient energy 
functions for individual machines (3). 

The stability of power systems can be deduced from the roots of the system characteristic 
equation (4J. On the other hand, in a nonlinear system, such an inference is invalid [5} because 
its stability depends upon the initial conditions .as well as. the system parameters. 

This paper illustrates the characteristics of EMTP using EV and presents the comparison 
between EV and Ihose methods introduced in 16J. 

ANALYSIS SOLUTION OF EY 

The error of determination EMTP characterestics with the help of EV may be evaluated. The 
solution of EV is analyzed in the case of selecting undisturbed and parameter variation 
system{61.Using this EV, the nonlinear differential equations will be transformed into second 
order linear differential equations with constant coefficients. These coefficients are illustrated 
and determined in (71. 

As. in the capacity of parameter variation . the admittance (y) is considered. From IS & 81 
the rotor angle ( S ) is: 
, . I " 
o(t.y)=S +L,(t)6y+-L,(t)6y"+ ... . +R,. (I) 

2' 
where b" - the undisrurbed value of 8 

Ri - the remainder of series (1) 

L\(t),L2(t) elc. are the first ,second etc. sotution of EV. 

The first EV is presented in {S}. It has the following form: 

(2) 

(3) 
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where 

a l
=- 271fO E' U· ~ . 
;0;; y COSu = const 

Tj 

( I) 2"fO' • 
K o :::-E US LO O =consl. 

., Tj 

(4) 

E & U -the generator and infinite bus voltages (in p. u.): 
Tj - the generator iner1ia constant : 

• y the undisturbed value of y (in p.u.) 

Analysis of EMTP characteristics is carried-oul fO( the follo\oVing cases: 

i) Undisturbed stable (unslable) $olulion, standard solution , which is approximated with the help 
of variable coefficients method (VCM) 16); 

ii} Undisturbed stable(unstable) solution, standard solution unstable (stable). 

The second EV is 

, . 

Ll +a)Ll ",d1 ( t ), (5) 

where (6) 

From Eq.(6) and Eq.(3) 

(7) 

where; the upper index inriicates the order of EV and the lower shows the ratio of argument. 

From Eq.(6) and the mitial conditions. d 2 (0) =0. From this,we get, 

(8) 

Integrating the second EV at the ioilial conditions and substituting in Eq.(7) , we have 

.....nere;L2 (t) is determined from coefficients k~l) ,k~2} , k~2) using the follOWing expressions: 
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Co (2).::Ko fl) fa! 

Cl(1)=-fG(1)l3a
1 

' 

For the third EV 

L3+alL ~=d3(t) 

I.lI.Mansy 

CJ (2)= _(Co(l)+Cz!2l), 

RI(l):::: -Kl(2)f2 ja; 

L,(O) =0, 

where d 3(1) is determined from the following formula : 

From Eqns.(12), (3) & (9), we find 

From Eq.(13) and initial conditions, d) (0)=0. Then 

(10) 

(II) 

(14) 

Integrating Eq.(11 ) at initial conditions and substituting in Eq.(13), we have 

where; L-::(t) is determined from coefficients ,(3) 1e(3) k(l) k(3) M()) ~..,{J) using the foUo""';ng 
~ 0 ' ! ' Z • 3 . 1 -" '2 

expressions: 

From the previous analysis, the solution of t tb EV ( general form) is possible to 'NTi!e in the 
f(Xm 



MllIsoura Eugineering JOWtltll {M£J) Vol.2 l , No.3. Sept. 1996 E.5 

. .., ... 
(16) i..(.-l ) . ,._11 

[,_1 Iy .. (ilcosnJa:t Hi-I Iz. (i)sin n;;;:t 

0"'0. 1, 2 •..... ,1 

As fonews from the obtained equations.the solutions of EV L2(t) , ... .... • Lj(t) increase without 
bound on lime increase. These solutions pass unbounded period of time through its initial 
value. 

The performance of the proposed approach is investigated by computer simulation of power 
system consisting of a single machine connected to an infinite bus through long transmission 
line.The data and figure of the system are given in (1]. 

EXAMPLE 1: 

In this part, the obtained solutions of EV will be applied on a mathematical example to Show the 
character of approximated standard characterestics . Data of this example are Po = 0.6 p.u.: 
, . 

EU= 1.2 p.u. : Tj =7 S.: S =26 deg.: y = 1.14 p.u. Coefficient values of unbounded terms and 

obtained solutions of first three EV are listed in table 1. Solutions of first three EV depending on 
time are shown in Fig.1. With the help of these solutions and the foUowing formula 

we shan consider three approximated standard chafacterestics EMTP: single phase short 
circuit (S.C.) y = 0.34 p.u .. 6y : ·0.8 p.u (Fig .2); perturbation y=O.82 p.u. ; 6y=-0.32 p.u. 

~ 
(Fig.3); disturbance near to critical value for admittance Yc = E~ ; y=0.6 p.u. :.o.y=-O.54 p.u. 

(Fig.4) . Curves in these figuresare obtained with the help of first, second and third EV. Also 
• 

steady state undisturbed value of angle S and standard characteristic 00(t). 

On the basis of analyzed solutions EV,it is possible to describe the characteristics of EMTP. 
Thus, in the case of S.C .. calculate first three EV exact values in large range of angle 
variations .... lith time ( divergence larger than 5 deg. step at 0.58 s. and angle value 1S0 deg.). 

Afte:- recovery of S.C. (i.e. parameter variation is decayed), EV and its solutions are varied. 
Besides initial conditions of these new EV. will be greater than zero{ t=tdi; ) where (dis is the 
removed fault time. 

Mer decaying of parameter variations. the first EV have the foiiowing expressions: 
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L\ (O)+a
1
LL (0)= O. LI (0)( t = 0) =L\(t =t,lu) 

L \O) ( t = 0) =L \(I =~.!u ) 
( 17) 

\.\'here .. -= t - {dis 

S.C. 

upper index (0) is meaning that the solutions of EV are after recovery of 

Solution of (17) has the following form 

( 18) 

where the upper index indicates identity value for order data of EV; and lower index 

shows the ralb of solution argument. Solulion of amplitude values A~l) and its angle 

4l\J)dependS on solulion values of 
.. (Q . 
LI +aILI=dl=ko ; LI(O)=LI (O)=O 

and its first derivative at ending variation moment (tdis)' These values are determined as: 

( 19) 

After a tittle manipulation in express ion for solving first EV(18) it is pOssible to eliminate lime 't 
8sfol1ows 

(20) 

Fig.S shows Ihe relations between coefficient L and time in the case of disconnected S.C. 
(tdis =0.25 s.).The solution of first EV is also sho'M1 in Fig.S" cU/ve no.1 ~.Thjs curve consists 

oJ two parts:first part represents Eq. (3) ( from origin point to t := lUis> and the second 

represents Eq.(16) (from I"> tdis ). tn Fig. 5, curve 00.2 represenlS the same solution of EV 

without discon- nacting S.C .. Bias quantity of extremal values of these two curves (1 & 2) is 
equal to 

D. '" (it -~ Ill ) I ....{a: 

Curve no.3 represents the solution in lhe case of t = tmdis :-,fa; = 0.4229 S., at which 

e~emal va!ue of L~ = 2CO ' is reached. 

F or the second EV 
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i.1 {-' +I,L, (Il",d:( T), L1 ' . '( T :::: 0) "'L,( 1 :t
olOo

) 

1..1 ,. , ( T :::: 0) ",L)( I ::::1 .. ,) 

where 

dJ (1)" ~; L,··" (T) ."I.U' +l h!llcos2F,,. +IJ. I~Is::in2,r;:T 

E.7 

(2J ) 

(22) 

The right hand side of Eq.(22) is accomplished with the substitution of solution 
in Eq.( 18).lntegrating the second EV at given initial conditions and using Eq.(22). 
we obtain 

(23) 

The solution of amplitudes and phases of Eq. (23) are determined thfOugh 

coefficients 1(2) 1(2) 1(2) as follows: 
o ' 2c' h 

(24) 

. The solution of i th EV after disconnecting S.C. may be written as follows: 

,., ,., 

,.1 i: V •• j (~sinHI) - 3)F. 1 -4> ._l..V {.'} .... _ .... ,., 

'Nhere n=1.2 .. ... ;. 

The final admittance variations for i th solution of jtb EV are 

{

L' ( I),Q < t <I .. , asinEq .(16) 

" L;= L;{I .. )= L, '(T:O),I=( .. 

L. IOI(t:) , I .. < I < t ., T = I-I.. asin Eq.(25) 

(2 5) 

(26) 

Notice lhat the obtained expressions are possible to apply by considering a series number of 
:terations.Corresponding initial conditions are very necessary to be computed continuously. 
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EMMEL.. 2: 

In this section, consider a numerical example to indicate the behaviour of approximaie 
characteristics after decaying of parameter variations. We used the same data in the previous 
example. Fig.S shows the solutions Lt> L z & L) . ........"ich are determined from Eq.(26), al Idis 

=0.25 s .. From this figure,we notice thatlhe cuntes from origin point to t=tdis are as in Fig. 1 . 
Amplilude and phase values of corresponding solutions, which are determined from 
Eqns.(19),(24) •.. ,are given in lable 2. 

Fig.7 80 Fig.S show approximate curves(lime interval 0.05 $) 80 with the help 01 L 1,L2&L) 

(curves 1.2&3). Fig.7 shows the disconnecting single phase S.C. process (y=O.34p.u. tly::::-O.B 
p.u.) within 0.25 S., bul Fig.a shows finishing parameter variations( y=O.82 p.U., 6)='"0.32 p.u. 

) within 0.25 s. Also,these figures show the undisturbed angle value 8"' . 
A comparison between the proposed and exact so lutions of the problem under study in the 
case of sys~em parameter variation is shown in Fig . 9 This figure shows that the error of the 
proposed solution may be neglected. 

FINAL RESULTS ANALYSIS: 

As we conclude from figures. the obtained analytical solutions Eq.(26) permit steady~stale 
solutions give good approximate characterestics EMTP at disconnecting S.C. (finished 
admittance variations). In addition. in the case of small variations. curves L2,L3 practically 
coinside with standard curve in Fig.B. But in the case of S.C. Sequence of using EV may 
achieve an accuracy near to standard characteristics OO(t). 

Art approach to obtain the family of EMTP characteristics with the help of corresponding EV 
analytical solutions. at steady-state undisturbed values. have series of advantages in 
comparison with tne other methods . 

. As shown from table 3. the proposed method solves the example under study in 1.5 sec .. 
Also. the method is very fast compared wilh the other methods. 

CONCLUSIONS: 

From the previous analysis, figures and results, we conclude the foUollnng:-

1-With the help of 8! solutions. characteristics family may be rapidly obtained.Rapidity of this 
method is greater than interval sequence method (nearly 10 times) and from 20 to 25 times 
greater than conventional method in \6J. 
2~in the case of steady~sta te , undisturbed values can describe undisturbed transient process. 
3~ This method is simple .responding and accurate. 
4~ This method is applied on a simple electrical system ( generator with infinite bus.). 
5- Comparing the results of this method with the exact solution. we find that the error of this 
method may be neglected. 
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