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Introduction

The model of the synchronous generator with damper windings is
described with the system of six differential equations. Two first are writ-
ten for direct and quadrature stator windings. Three next equations are writ-
ten for the rotor windings. Direct and quadrature damper windings and ex-
citation winding are included into the rotor windings. Sixth, the differential
equation is nonlinear. This equation describes the relationship of inertia,
electromagnetic and mechanical torques acting on the rotor shaft. The solu-
tion of these equations is not an easy task. However, the art of modelling is
not the ability to solve complex equations, but the ability to lossless main,
the main features of the phenomenon to transform the original complex
system into a simpler, guided by the conditions faced by the system under
study. Therefore, the aim of this paper is to study the model of the genera-
tor in an environment where the original complex system can be simplified,
but without losing the basic characteristics of the model.

If the point of application of the disturbance is far from the genera-
tor, the generator is allowed in the equations do not take into account the
electromagnetic transients in the damping circuits. Because damping cir-
cuits shorted and, consequently, their currents are only free - aperiodic
component which decays rapidly, without having to wait for the disturb-
ance. Due to the large inertia of the rotor speed of the rotor changes slowly,
so we can assume that there is no slip . And equations to describe the tran-
sient generator take the form [1, 3]:

Rig +X—ddi+xq lg+— 1 qu
op dt wp dt

Xq di
—Xd|d +R|q+£d—q— q—— q (1)

Tra[(xd -xg)ig +Eq |+ Eq =er;
Here Eq — quadrature-axis synchronous voltage is proportional to
the excitation current i . This value is to be determined. T, — time con-
stant of the circuit excitation closed loop circuit of the stator. ig, iy — direct
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and quadrature Toku craropa. ey =U § Xgq / X§ — electromotive force pro-
portional to the stator voltage. Xq, Xd ,Xd,r — the main technical data of the

machine: synchronous reactance in the direct and quadrature axes, direct

axis transient reactance, resistance of the stator winding, respectively.
When the solution of differential equations (1) it is more convenient

to use the continuously changing value Eh— guadrature-axis transient elec-

tromotive force. It is proportional to flux linkage w  of the exciting circuit.
And to determine changes abruptly synchronous electromotive force Eq to
use a ratio [4, 5]:
E('q +igXxd = Eq +ig Xd =Ug
It also can ignore the transients in the stator windings of the genera-
tor, considering that the appearance of the disturbance in the stator wind-
ings originated steady state. On the rotor of the generator is only one path -

the excitation winding, oriented along the axis d (direct-axis of the rotor),
and the equation becomes:

—quq —Rld ZUd,

Eq + Xdid — Rig =Ug; (2)
dEél o ,

TdOT-F Eq—lq(Xd —Xd):qu.

Thus, the system of algebraic and differential equations describes the
assumptions made transients in salient-pole synchronous generator without
damping circuits. . Algebraic equations are obtained from the steady state
of the system (2) by equating to zero the derivatives of the equation d / dt =
0.

The solution is divided into 3 stages

1. Determine the dependence of stator currents iq, ig ot on the sta-

tor voltage U Ud and transient electromotive force Eh

—Xdqugd + Egr —ugr

iq= did T Eq q

/ 2

XdXq +r
y 3)
. —XdEq+Xqug —udr
id =

x{]|xq+r2

2. Next, find the values E(':I np in the steady state, substituting instead
of the current iy its current expression (4)
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E(’:{ —|d (Xd —Xa):qu—>
EqXq — Xqug +udr

—Eq+ ' (Xd—xbl)=qu
XgXq +r
The result is:
El o = XqugXd —XqUgXd —UdXdr + Ud;(a r+EqeXgXd + qur2
XdXq + T

Solve differential equations to determine the transition EMF EE} t)

Npy W3BECTHBIX HAINpsDKEHUs cratopa. under certain stator voltage. Pre
present equation to normal form

2 '
dEd o (r +qud)Eq N qu +(xa —xd)(udr—uqxq)
dt Tod (r2+qua) Tod Tod (r2+qua)

From the last equation it follows that the time constant of the transi-
tion process is equal to the value of the expression;

TOd(r2+qua)
T= 5 :
(I’ +Xqu)

This expression, neglecting the stator resistance is converted to a
known relation:

T !
Tod = 0d*d
Xd
3. The third stage is solution of the system of differential equations.

The construction of plots and interpretation of results [2]. To solve

the system (6) we use MathCAD program using function rkfixed() —

Runge-Kutta method of order 4. With the help of the inverse trans-

form Park - Gorev phase stator currents will be obtained [5, 6]

Conclusions

Models of synchronous generators proposed in the work lead to do
the following conclusions:

If the place of application disturbance is in a remote location of a
synchronous generator we can ignore fast transients occurring in the damp-
ing circuits and the contours of the stator.

Calculations of the transient processes of the synchronous generator
on the proposed model show that after restart may be that repeated short-
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circuit conditions are more difficult as initial conditions, that is, the current
during the second circuit achieves greater value.

If the place of application disturbance is at a point close to the syn-
chronous generator, than by the calculation mode in the generator model
the transients in the stator windings should be taken into account.

The proposed model is in good agreement with the known fact that at
the initial stage of the transient stator currents have doubled frequency
harmonics.

The use of models is possible in networks containing synchronous
generators and for the design of objects containing generators.
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