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Abstract— in the paper a non-linear circuital mathematical model of
a synchronous generator is presented. This model takes into
consideration saturation effects in magnetic cores and phenomenon
of eddy currents induced in solid parts of a rotor. The methodology
for the determination of the model parameter set is given, using the
finite element method. Simulation investigations are carried out for
the 200 MW turbogenerator to examine the effects of magnetic circuit
Saturation and the ways of representing the rotor damper circuits.

rotor, in slot wedges or in a damper squirrel cage is
represented by means of nd and nq equivalent damper circuits,
in d and q axes, respectively. Saturation effect in machine
magnetic cores is taken into account by means of non-linear
static and dynamic inductances that depend on magnitudes and
arguments of space vectors of appropriate currents.

Keywords— Non-linear circuital mathematical model; finite element
method; magnetic circuit.

I.

INTRODUCTION

In simulation investigations of transients in electric power
systems are more and more frequently used extended
mathematical models of synchronous generators. Structures of
mathematical models for synchronous generators and sets of
related to them parameters depend on the method and
accuracy of modeling of coupling phenomena: phenomenon of
magnetic cores saturation and phenomenon of eddy currents
flowing in solid elements of a rotor. Taking into consideration
both phenomena in a circuit mathematical model is difficult
and now is possible to take them into consideration only
separately and partially. As a consequence the mathematical
model of a machine is formulated in two stages. First stage
consists in determination of a circuit mathematical model of
unsaturated machine, in which influence of eddy currents
effects in solid parts of a rotor is taken into consideration as
accurately as possible. In second stage are modified these
elements and parameters of the above model which are
influenced by saturation phenomena in a machine cores made
by the main and stator leakage field, assuming that other
elements of the model are unchanged. In the paper is presented
the structure of such generator model and methodology of
determination of its parameters. Simulation investigations are
performed for the 200 MW turbogenerator. The computation
results are compared for different model types and for
saturated and unsaturated machine magnetic circuit.
II.

Fig. 1. Equivalent circuits of the non-linear Mathematical model of a
synchronous generator taking Into consideration saturation effects.

The pair of numbers (1+nd, nq) defines the type of the
mathematical model of a synchronous machine. Static and
dynamic inductances of a machine related to main magnetic
field and stator leakage field are determined with good
accuracy by means of synthetic characteristics of flux linkages
and their derivatives with respect to appropriate currents [5].
Assuming for main field simplified form of these
characteristics as the non-linear functions (¥md.q1, (Im), ¥ md,
q3 (Im), and for stator leakage field the Function ¥s (Is) is
obtained the following relations determining static and
dynamic inductances:
A. Static inductances.
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B. Dynamic magnetizing inductances.

Basing on presented above methodology the mathematical
model of a synchronous generator taking into consideration
saturation phenomenon in magnetic cores of a machine and
phenomenon of eddy currents flowing in a rotor was prepared.
Principles of a model formulating and made assumptions are
presented in [1], [5]. Mathematical model may be presented as
the equivalent circuit as shown in Fig. 1. In the presented
equivalent circuit influence of eddy currents induced in a solid
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frequency of wide range, (ν∈(0, ∞)) and calculating
corresponding flux linkages. For the structure of equivalent
circuits of the machine in d and q axes defined by type of the
machine mathematical model, lumped parameters of RL type
can be determined on the ground of approximation of spectral
inductances expressed by rational functions. Presented here
methodology of RL -type parameters determination for nonlinear mathematical model of a synchronous generator is
illustrated in Fig. 2. Synthetic characteristics of flux linkages
are determined by calculations of spatial distribution of
magnetic fields in corresponding computational models of the
machine using the finite element method [4], [5]. Calculations
are made by forcing appropriate DC currents in phase
windings of these models.
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C. Dynamic stator leakage inductances.
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Where I m , I s ,  m ,  s , are magnitudes and arguments of
space vectors of magnetizing current and stator current.

Fig. 2. Methodology of determination of RL -type electromagnetic
parameters for non-linear model of asynchronous machine. PRL – vector of
RL parameters of a rotor.

III. METHODOGY OF DETERMINTION OF MODEL OF
PARAMETERS FOR NON-LINER MATHEMATICAL MODEL OF THE
SYNCHORONOUS

IV.

Numerical computations have been carried out for the 200
Pn =200 MW, U n
=15.75 kV, I n =8625 A, cos n =0.85).
In the Table (1) are presented calculation results of RL
equivalent circuit electromagnetic parameters (p.u.) in d and
q axes for circuital models of (2, 1), (2, 2) and (3, 3) types and
synthetic characteristics of Flux linkages calculated by FEM.
In the Table 1 are also placed unsaturated values of
magnetizing Inductances in d and q axes and leakage
inductance of the stator. Table.1. Electromagnetic parameters
and synthetic characteristics of flux linkages of the non-linear
Mathematical model of TWW-200-2 turbogenerator and
synthetic characteristics of flux.

Parameters of the non-linear mathematical model of a
synchronous generator may be determined on the ground of
spatial electromagnetic field distributions in the machine,
which are calculated by means of the finite element method
using design-constructional data. In accordance with remarks
from point 1, determination of electromagnetic parameters of
the mathematical model was assumed in two stages. In first
stage will be determined parameters of RL type assuming in
field calculations linear magnetization curves of magnetic
cores. In second stage will be determined synthetic
characteristics of flux linkages in the machine taking into
account in field Calculations non-linear magnetization curves
of magnetic cores. Next, these characteristics will be
approximated by spline functions. For determination of
electromagnetic parameters of synchronous machine
mathematical models with linear magnetic circuit the
frequency method was used. It consists in determination and
approximation of spectral inductances of the machine. The
following relations between flux linkages and stator currents
in d and q axes and the field winding define spectral
inductances [1]:
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RESULTS OF SIMULATION INVESTIGATIONS

MW turbogenerator ( S n =235.3 MVA ,

TABLE. 1. Electromagnetic parameters and synthetic characteristics of flux
linkages of the non-linear mathematical model of TWW-200-2 turbogenerator
and synthetic characteristics of flux linkages (p.u.).

(4)

Where v is the relative frequency?
Spectral inductances (4) are determined basing on spatial
magnetic field distributions in the machine. Calculations of
these field distributions are made using the finite element
method, feeding successively machine windings with complex
values of currents in d and q axes and with a field current at
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Waves of the field current, stator currents in d and q axes and
the load angle during 3-phase fault and subsequent clearing at
the stator terminals, calculated for models of (2,1), (2,2) and
(3,3) type, are presented in Fig. 3. The influence of magnetic
circuit saturation on dynamic characteristics of the same
electrical quantities calculated for the model of (3, 3) type are
illustrated in Fig 4.

taken into consideration in the machine model. Presented in
the paper methodology of estimation of electromagnetic
parameters for various types of mathematical models based on
calculations of spatial distributions of electromagnetic fields in
a machine by means of the finite element method may be
successfully used for all generators operating in electric power
system, without necessity to perform special tests on real
objects
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CONCLUSION

Presented in the paper non-linear mathematical model of a
synchronous generator and calculated set of corresponding
electromagnetic parameters make possible to carry out
simulation investigations of generators in various operating
conditions, at small and large disturbances of equilibrium
state. The presented model may be used for simulation of
operating conditions of a power system both within shortcircuit processes occurring in the system and for investigations
of short-term and mid-term transient stability. Made by
authors simulation investigations for synchronous generator
mathematical model showed that taking into consideration
magnetic core saturation effects resulting from stator leakage
field, participates in improvement of accuracy of calculation
of maximal short-circuit currents which may occur in the
system, whereas taking into consideration saturation effects
for main field improves accuracy of calculation of transient
stability of generators. Similar influence on calculations
accuracy has number of damper circuits in a rotor, which are
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