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Novel approach to calculate electrical
currents in stator-, field- and
damper-windings at three-phase sudden
short-circuit for large synchronous
generators
M. Hackbart

In this manuscript the novel methodology of quick and accurate calculation of the rotor and stator currents during a three-phase
sudden short-circuit is presented. The proposed approach consists of two parts. First, the detailed finite element model is developed.
It accounts for stator core and winding, rotor yoke and winding, damper winding and conductive rotor surface. Second, the revised
analytical formulation of the existing approaches to evaluate transient field current behavior during a three-phase sudden short-circuit
is presented. Four phenomenological coefficients are introduced for proper representation of the field winding current. The developed
methodology is feasible for solid and laminated rotors, with and without damper bars. It is demonstrated that there is good agreement
between the results of our theoretical approach and the factory tests.
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Neuartiger Ansatz zur Berechnung der elektrischen Ströme in der Ständer-, Erreger- und Dämpferwicklung beim
dreiphasigen Stoßkurzschlusstest für große Turbogeneratoren.

Dieser Beitrag stellt eine mögliche Methodik vor, welche die Läufer- und Ständerströme im dreiphasigen Stoßkurzschluss von Tur-
bogeneratoren großer Leistung bestimmt. Als erstes wird ein Finite-Elemente-Modell präsentiert, welches das Ständerblechpaket,
die Ständerwicklung, das Rotorjoch, die Rotorwicklung und den Dämpferkreis abbildet. Im nächsten Schritt wird eine analytische
Gleichung vorgestellt, die den Rotorstromverlauf mittels vier Koeffizienten beschreibt. Die analytische Gleichung kann die zeitverän-
derlichen Ströme im dreiphasigen Stoßkurzschluss für massive und geblechte Rotoren sowie mit und ohne Dämpferkreis beschreiben.
Die analytische Gleichung wurde von den Ergebnissen des Finite-Elemente-Modells abgeleitet. Das Finite-Elemente-Modell und die
analytische Beschreibung zeigen gute Übereinstimmung mit den im Prüffeldprobelauf gemessenen Strömen.

Schlüsselwörter: Finite-Elemente-Analyse; Turbogenerator; dreiphasiger Stoßkurzschluss
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Nomenclature
3P-SSC Three-phase sudden short-circuit
f Frequency
FEA Finite element analysis
if Field current
is Stator current
K0,K1,K2,K3 Coefficients for analytical description of rotor

currents
lS Length of stator end winding
Lm Mutual damper wedge and self-inductance
LS, XS Stator winding leakage inductance/reactance
R1,R2, . . . Wedge to retaining ring contact resistors
Ra,Rb, . . . Axial wedge resistance
RK Damper winding contact resistance
RA Armature resistance
Rf Field winding resistance
Ta Armature time constant
TdO Transient time constant when rotor surface is

conductive

T
′′
d Sub-transient time constant

T ′
d Transient time constant

ufd Field winding voltage
UL(a) RMS stator voltage in phase (a)
Xd Synchronous reactance
X ′

d Transient reactance in d-axis
X

′′
d Sub-transient in d-axis direction

X
′′
q Sub-transient reactance in q-axis direction

XH 2D Finite element straight part main reactance
(excluding end zone leakage, but include stator slot
leakage)

Xf 2D Finite element rotor reactance (excluding end
zone leakage)

λS Permeance factor for end winding leakage reactance
ϑ0 Phase angle (0°, +120°, −120°)
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w Number of stator winding turns in series for voltage
induction

ω = 2π f Angular frequency

1. Introduction
The stator and rotor currents of salient pole and round rotor ma-
chines have been discussed over the past several decades. The mile-
stone “Two-Reaction Theory of Synchronous Machines” has been
developed by R.H. Park almost 90 years ago [1]. Several studies
have exploited this work as basis for description of performance of
synchronous machines [2–8]. For example, the calculations “of Syn-
chronous Machine Constants-Reactances and Time Constants Af-
fecting Transient Characteristics” have been presented by L. Kilgore
in 1931 [2]. Later on, Ch. Concordia developed the theory of per-
formance of synchronous machines, which has been published in
1951 [3]. In the framework of his study, novel reactance and time
constants, which became called sub-transient, transient and steady-
state parameters of a synchronous machine, has been discussed.

Generator overall performance has been described in [3–8] using
analytical equations and equivalent circuit parameters. Evaluation of
generator parameters for sub-transient, transient and steady state
operation has been performed with a three-phase sudden short-
circuit (3P-SSC) test. The details of this procedure have been ex-
plained in [3–5]. Traditional mathematical models that simulate sta-
tor currents provide insufficient description of the field current be-
havior, and the discrepancies between measurements and calcula-
tions have been revealed. The work of Canay [9] has introduced de-
tailed models of equivalent circuits that help to correctly represent
field current behavior.

To further refine existing industry’s approaches to the involved
phenomena, non-linear transient finite element methodology has
been developed in [10–13]. Effects caused by leakage have been
discussed in [14–17]. Non-linear transient FEA gives deeper insight
into electromagnetic processes in the generator and helps one to
derive transients in the stator-, field-, damper windings and on the
rotor surface. More information about methods and approaches to
evaluation of electrical parameters of synchronous machines can be
found in [18–23].

Application of non-linear FEA for controlling and calculation of
the transient currents in the windings for an arbitrary electrical ma-
chine is very time-consuming. On the other hand, the existing an-
alytical approaches to evaluation of the rotor current behavior are
too oversimplified in order to provide a proper description of the
investigated phenomena. In this manuscript a novel methodology
of quick and accurate calculation of the rotor and stator currents
at 3P-SSC in large synchronous generators is presented. This ap-
proach combines finite-element and analytical studies. The detailed
finite element model, which involves all crucial elements of a syn-
chronous electrical machine (namely stator core and stator winding,
rotor yoke and rotor winding, damper winding and conductive ro-
tor surface), is presented. The new analytical approach to describe
time-dependent field winding current at 3P-SSC event, based on the
results of the FEA, is developed. Our studies give clear evidence that
our approach is feasible for both, solid and laminated rotors, with
and without damper bars. The phenomenological coefficients in the
developed equation are revealed to be unique for a certain type of
an electrical machine and can be exploited for other generators of
this type without limitations.

2. State-of-the-art analytical description of the three phase
sudden short circuit

In this section the state of the art analytical description of the 3P-SSC
is discussed.

Fig. 1. Stator current at 3P-SSC

Generator parameters for transient, sub-transient and steady
state operation are derived in [3, 4] and [5] from stator current anal-
ysis. Figure 1 shows 3P-SSC event, which is divided in three periods:
sub-transient, transient and steady state ones.

The electrical time constant of the damper winding is significantly
smaller than that of the field winding. It promotes faster decay of
currents induced in the damper winding than that induced in the
field winding. Typical time constants for the damper winding lie be-
tween 20 and 50 ms (sub-transient period, Fig. 1), while field wind-
ing time constants—between 0.5 and 2 s (transient period, Fig. 1). In
the following this transient period is denoted with the prime (′) and
the sub-transient period—with double prime (′′) as indices. Stator
current at 3P-SSC is approximated as follows [4]:
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Equation (1) describes the current time functions in all 3 phases. Re-
lations between the three phases are given with ϑ0 = 0, 120° and
−120°. X

′′
d and X

′′
q are sub-transient reactances in d- and q-axes, X ′

d
is transient reactance and Xd is synchronous reactance. The arma-
ture time constant Ta depends on the armature resistance Ra. The
transient period time constant is T ′

d and the sub-transient period
time constant is T

′′
d . Saturation effects are represented by introduc-

ing normal, half and saturated values for transient and sub-transient
reactances.

Field current behavior at 3P-SSC can be analytically calculated by
means of Eq. (2) [4]:
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Here If0 is the field current before the 3P-SSC is initiated. This equa-
tion includes transient and armature time constants, as well as tran-
sient and synchronous reactances. Sub-transient time constant and
reactance are not part of the equation; they are associated with
the damper circuit. As it will be shown in Sect. 4 (scenario 1), the
Eq. (2) is valid for machines without damper circuit and with non-
conductive rotor surface.

3. Novel approach: finite element model
In this section the non-linear transient finite element model, which
is developed in the framework of our investigation and accounts for
stator, rotor and damper windings, is presented and discussed.

3.1 Model description
The 2-pole generator that is examined with 2D finite element
method has the apparent power of 370 MVA and terminal voltage
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of 20 kV. The 3P-SSC that is studied is initiated from open circuit
condition at 70 % terminal voltage. Figure 2 shows the stator core
(A), stator winding (B), rotor yoke (C), damper bars (D) and field
winding (E) as they are represented in the finite element model. The
rotor diameter is ∼1.2 m, the stator core outer diameter is ∼3 m,
and the generator length is 5.5 m.

The exploited mesh is presented in Fig. 2 and its details are shown
in Fig. 3. The quality of the mesh at the rotor surface is improved in
order to obtain proper description of skin effect.

Fig. 2. Cross section of the examined turbo generator

Fig. 3. Mesh of stator tooth, air gap, damper wedge and rotor yoke

The stator core is laminated in axial direction and has radial venti-
lation ducts for cooling purposes. Material properties and equivalent
material properties that account for stacking factor are shown in
Fig. 4; they are used for material representation in the finite element
model.

The 2D model includes only the components of the straight part
of the generator. The missing electric components of the 3D rep-
resentation of the generator must be incorporated to the 2D finite
element model. The most relevant of them is the end winding leak-
age reactance XS . It is strongly affected by physical parameters of
the generator components: stator end winding and rotor retaining
ring. In former times the manufacturers Westinghouse and GE have
used magnetic rotor retaining rings instead of non-magnetic steel
ones. XS strongly depends, whether the ring material is magnetic
or not. The investigated generator is designed using non-magnetic
steel retaining rings. Leakage reactance can be measured with the
stator core leakage reactance test, calculated with analytical equa-
tion or 3D finite element models. Equation (3), which is derived from
[4], could be used for evaluation of XS .

XS

[�]
= 0.079 · f

[50 Hz]
·
(

w
100

)2

· lS
[cm]

· λS (3)

Here f is frequency,w is the number of stator winding turns in series
for voltage induction, lS is the length of the stator end winding and
λS is the permeance factor. The permeance factor λS in Richter [8],
Vogt [4], Liwschitz [6] and Bolte [7] varies, as a result the calculated
leakage reactances differ from each other (see Table 1). FEA can
be also used to calculate XS . The cutting details of that 3D finite
element model are shown in Fig. 5. To match the leakage reactance,
which is computed with Ansys Maxwell 3D, the factor λS must be set
to 0.328 (Table 1). The methods to evaluate XS have been discussed
in [15–17].

Figure 6 presents the equivalent external stator circuit of the 2D
finite element model that accounts for the straight part main reac-
tance XH, armature resistance RA and the coupled stator end turn

Table 1. Permeance factor λS adopted from different text books and
FEA

Vogt [4] Bolte [7] Richter [3] Liwschitz [6] Current FEA

0.4 0.4828 0.2089 0.3959 0.328

Fig. 4. Material properties of stator (left) and rotor (right)
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leakage reactance XS . Figure 7 shows the equivalent external rotor
circuit. The circuit has a voltage source attached to the rotor termi-
nals. Rotor end turn leakage is neglected.

The examined 2D finite element model takes into account XH and
Xf automatically. XS , RA, Rf and a voltage source that is added to
the rotor terminals are externally connected to the model. In Sect. 5
of this manuscript the effect of modification of XS will be discussed:
half, nominal and doubled values of XS will be applied within the
FEA. This test demonstrates the robustness of the developed ap-
proach.

The investigated generator is designed with damper windings on
the top of the rotor slots which are connected at the end of the ro-
tor with the retaining ring (Fig. 8). The damper winding is also rep-
resented in the external circuit. Each damper bar is connected to the
retaining ring with the wedge to retaining ring resistor. The damper
winding protects the rotor winding from alternating flux penetrat-
ing during fault conditions; its effectiveness in doing so is controlled
by its resistance. Larger damper resistance will lead to suppressed
damper reaction and higher currents in the field winding. On the
contrary smaller damper resistance will increase the damper reac-
tion to the flux and reduce currents induced in the field winding.
The finite element model accounts for damper straight part and re-
taining ring resistance (Fig. 9).

Since the investigated generator has 32 rotor slots, 32 wedge
to retaining ring resistors are defined and connected to the mu-
tual wedge and self-inductance Lm. Contact resistances are given in
Table 2; their magnitudes depend on rotation speed, contact area,
temperature and contact surface properties. When wedges are split
in several pieces along the length of a rotor slot, the contact re-
sistance of the wedge increases because of imperfect contacts be-
tween axial adjacent wedges. Market competitors use different so-
lutions to influence these contact resistances. Two examples are pre-
sented in Figs. 10 and 11. In the first case (Fig. 10), the alignment
connects each rotor wedge underneath with a solid copper bar and
defined contact between axially adjacent wedges is provided. In the
second case (Fig. 11) defined contact area between the wedge and
the retaining ring is observed. It is covered with the silver plated

Fig. 5. 3D finite element model

contact sheet. In Sect. 6 the effect of variation of the contact resis-
tance will be discussed in order to demonstrate the robustness of
the proposed theoretical approach.

3.2 Measurements and results of FEA
In this subsection the results of the measurements and finite element
calculations at 3P-SSC are discussed.

Our model suggests that the rotation speed (50 Hz) and the wind-
ing of temperature (75 °C) remain constant. It is assumed that the

Fig. 7. External rotor circuit applied to the 2D FE Model

Fig. 8. SIEMENS 2-Pole Air-Cooled Generator rotor with damper
winding Source: “www.energy.siemens.com/hq/pool/hq/power-
generation/generators/sgen-1200a/siemens-generators-sgen-1200a-
US-LowRes.pdf”

Fig. 9. Symmetric damper contact resistance—the damper circuit
creates a loop of electric connected resistors and inductors

Fig. 6. External stator circuit applied to the 2D FE Model
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Table 2. Contact resistors for the analyzed arrangements

Resistor Contact Value in m�

R1,R2, . . . Silver plated copper—retaining ring steel >1.75 × 10−2

Not silver plated copper—retaining steel >2.5 × 10−2

Fig. 10. Example 1—copper bars under each wedge

Fig. 11. Example 2—contact sheets between wedges and retaining
ring

armature resistance at the 3P-SSC test is constant because of rela-
tively large thermal time constants and short testing time. No signif-
icant temperature rise has been observed in the armature winding
during the type test, which validates the assumption of constant
armature resistance RA. The resistance in the finite element model
accounts not only for RA, but also for the cables connecting the
stator terminals and the shorting switch. Figures 12 and 13 show
the comparison between the measured and calculated by means of
FEA stator and rotor currents. The difference between theoretical
and experimental results does not exceed 5 %, which validates the
developed finite element model.

4. Novel approach: analysis of the field current
In this section the skin effect (eddy currents) on the rotor surface
and in the damper winding will be activated and deactivated in the
framework of our 2D finite element model. Such an analysis allows
one to validate Eq. (2) and to develop proper theoretical formulation
that accounts for damper winding and rotor surface damping. The
novel equation to calculate electrical currents in field winding at 3P-
SSC has the following form:

if (t) = If0
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Here If0 is the field current before the 3P-SSC is initiated. Equa-
tion (4) contains the unknown coefficients K0,K1,K2 and K3, which
will be further referred to as K-parameters. The transient and sub-
transient time constants as well as the armature time constant are
kept the same as in Eq. (1). Let us comment on the newly developed
Eq. (4). It describes the transient field current behavior at 3P-SSC
and considers the influence of rotor surface damping and damper

Fig. 12. Measured and calculated stator currents at 3P-SSC

Fig. 13. Measured and calculated rotor winding current at 3P-SSC.
Note: The IEC 34-3 testing allows having 15 % difference between
measurements and calculation!

winding. The insert in Fig. 14 shows 4 different scenarios that are
investigated with the FEA. (i) The first scenario has no damper cage
and no conductive rotor surface. (ii) The second scenario has no
damper cage but conductive rotor surface. (iii) The third scenario
has the damper circuit but non-conductive rotor surface. (iv) In the
last scenario both the rotor surface and damper circuit are conduc-
tive. Equation (4) properly describes all 4 configurations.

Each of the Figs. 15–18 includes 2 pair of indices. The first one
addresses the damper circuit; the eddy effect setting can be either
activated (1.ON) or not (1.OFF). The second one refers to the rotor
surface, which can be either conductive (2.ON) or not (2.OFF). The
currents calculated using FEA are compared with the approximation
based on Eq. (4). The K-parameters are evaluated by minimization of
the difference between the FEA-results and the approximated field
currents.

Scenario 1: In this scenario eddy currents in the damper winding
and on the rotor surface are suppressed and 3P-SSC is initiated. The
field winding is strongly affected by alternating flux impinging upon
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Fig. 14. Four scenarios, examined in Sect. 4

Fig. 15. Rotor winding current at 3P-SSC corresponding to scenario 1

the rotor surface. The peak magnitude of the field current equals to
7.357 kA, i.e. two times larger than the peak of 3.589 kA, shown
in Fig. 13. This scenario reveals drastic increase of field current, if no
eddy currents flow on the rotor surface and in the damper winding.
The missing damper circuits do not protect the rotor winding from
penetrating the flux. Figure 15 presents the finite element model
calculation and the results of the analytical study, performed using
Eq. (2). As Eq. (2) neglects sub-transient parameters, Eq. (4) is trans-
formed into Eq. (2), if K0 = K2 = 0 and K1 = K3 = 1.

Scenario 2: In this scenario eddy currents in the damper circuit are
deactivated and the damper circuit is assumed to be not conduc-
tive. The rotor surface carries eddy currents and the effect of surface
damping can be studied. Figure 16 shows the results of the FEA and
analytical study performed with Eq. (4). The K-parameters are listed
in (5). The peak rotor current is 5.327 kA. Thus, eddy currents on
the rotor surface influence the field current behavior, increasing its
maximal value by 50 % with respect to the case shown in Fig. 13.

K0 = 1 K1 = 0 K2 = 0.4 K3 = 0.6

TdO = 1 s T ′
d = 1.2 s T ′′

d = 0.0165 s Ta = 0.6 s
(5)

The rotor surface damping is represented with the coefficient K0,
where K1 = 0.

Scenario 3: In this scenario eddy currents in the damper cage are
enabled but those on the steel surface of the rotor are suppressed,
which can be achieved when the rotor is laminated. The interaction
of the damper cage with impinging flux is in the focus of our study.

Fig. 16. Rotor winding current at 3P-SSC corresponding to scenario 2

Fig. 17. Rotor winding current at 3P-SSC corresponding to scenario 3

The peak rotor current is calculated to be 4.083 kA, 114 % of that
shown in Fig. 13. The results of the FEA and those obtained with
Eq. (4) are presented in Fig. 17. The K-parameters are listed in (6). In
this scenario K0 is set to 0 and K1—to 1.

K0 = 0 K1 = 1 K2 = 0.775 K3 = 0.225

TdO = 1 s T ′
d = 1.2 s T ′′

d = 0.0165 s Ta = 0.6 s
(6)

Scenario 4: In this scenario eddy effects are enabled on the rotor
surface and in the damper bars; it corresponds to the model, which
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Fig. 18. Rotor winding current at 3P-SSC corresponding to scenario 4

Table 3. Summary of K-parameters for scenarios 1–4

K-Parameters for scenarios 1–4
K0 K1 K2 K3

Scenario 1 0 1 0 1
Scenario 2 1 0 0.4 0.6
Scenario 3 0 1 0.775 0.225
Scenario 4 0.25 0.6 0.6 0.175

is used to generate the results from Fig. 13. This scenario exhibits the
lowest rotor winding currents among four studied cases. Damper
cage and rotor surface currents interact with the flux that impinges
upon the rotor. The peak rotor current is 3.589 kA, i.e. the same
as that in Fig. 13. The results calculated with the FEA and Eq. (4)
are presented in Fig. 18. The corresponding K-parameters are listed
in (7).

K0 = 0.25 K1 = 0.6 K2 = 0.6 K3 = 0.175

TdO = 1 s T ′
d = 1.2 s T ′′

d = 0.0165 s Ta = 0.6 s
(7)

The comparison of the scenarios 1 to 4 shows that K-parameters
(Eq. (4)) depend on the characteristics of rotor surface and damper
bar system. They have been evaluated by means of finite element
calculations by enabling and disabling conductivity of the rotor sur-
face and the wedges. The proposed method is applicable to any
generator, and the derived coefficients are unique for each consid-
ered configuration. Once they are known, the method enables series
of calculations with marginal time-consumption. The FEA evaluates
transient and sub-transient parameters within the accuracy of 5 %
(Sect. 3). Hence the accuracy of the proposed analytical approach is
the same.

The developed method is also useful for designing the rotor. Mod-
ification of the damper winding does not affect stator current be-
havior significantly, but influences the field winding and damper
currents. The knowledge of the magnitude of the field current at
3P-SSC is essential for protecting collector sets or brushless exciter
machines. The summary of all K-parameters for the scenarios 1–4 is
given in Table 3.

5. Influence of the stator leakage reactance
The end turn leakage reactance XS is one of the inputs of the finite
element model studied in Sect. 3. Its value is not known exactly.
The goal of this section is to reveal the effect of XS on the stator,
rotor and damper winding currents. The calculations are performed
by means of Ansys Maxwell. The original value of XS is scaled with
the factors 0.5 and 2.

3P-SSC is initiated from the steady state open circuit condition.
The terminal voltage as a function of time is shown in Fig. 19. Rotor

Fig. 19. Terminal voltage behavior at 3P-SSC

Fig. 20. Stator current at 3P-SSC for different values of XS

Fig. 21. Rotor winding current at 3P-SSC for different values of Xs

Fig. 22. Torque at 3P-SSC for different values of XS

and stator currents rise with reduction of leakage reactance and vice
versa. Figures 20 and 21 show transient rotor and stator currents at
different values of XS . The torque, presented in Fig. 22, is increased
with reduction of leakage reactance as well.

The FEA gives deeper insight into the distribution of the rotor slot
wedge current. Peak currents for all wedges for half, nominal and
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Fig. 23. Peak current distribution in rotor wedges at 3P-SSC for dif-
ferent XS

Fig. 24. Effect of XS on the peak rotor, stator and damper currents
at 3P-SSC

Table 4. K-parameters for different end winding leakage reac-
tance XS

XS Half Nominal Double

K0 0.26 0.25 0.19
K1 0.59 0.60 0.60
K2 0.60 0.60 0.60
K3 0.175 0.175 0.175

double magnitudes of XS are summarized in Fig. 23. Rotor wedges
that are nearest to the rotor pole edge carry highest damper cur-
rents.

Similar behavior for the stator and field winding currents could be
shown analytically using Eqs. (1) and (4).

The influence of leakage reactance on the peak rotor, stator and
damper bar currents is demonstrated in Fig. 24. The damper bar
and the stator peak currents are proportional to each other. More-
over it has been revealed that there is almost no dependence of the
K-parameters (see Table 4) upon variations of the leakage reactance.
They can be influenced only when magnetic saturation changes sig-
nificantly due to modification of the leakage reactance.

It is shown in [4, 6–8] and [15–17] that leakage reactance can be
derived in different ways. Our investigation gives clear evidence that
our method is robust with respect to variations of XS .

6. Influence of damper winding contact resistance
In Sect. 3 it has been demonstrated that different rotor slot align-
ments are possible (see details Figs. 10 and 11). In this section the
effect of the damper winding contact resistance on field current be-
havior will be examined.

The following tests reveal that the coefficient K3 in Eq. (4) is influ-
enced by the contact resistance RK = RK (R1,R2, . . .). They are varied
being scaled with the factors 1, 2 and 4. Larger damper resistance

Fig. 25. Stator current at 3P-SSC for different RK

Fig. 26. Rotor winding current at 3P-SSC for different RK

Table 5. K-Parameters for different contact resistors RK

Wedge to retaining ring contact resistance
Nominal Double Quadrupole

K0 0.25 0.25 0.25
K1 0.60 0.60 0.60
K2 0.60 0.60 0.60
K3 0.175 0.35 0.525

leads to suppressed reaction and higher currents in the field wind-
ing; smaller damper resistance increases the damper reaction to the
flux and reduces currents induced in the field winding. The calcu-
lated stator and field winding currents for different wedge to re-
taining ring contacts at 3P-SSC are presented in Figs. 25 and 26.
The time dependence of terminal voltage is shown in Fig. 19. The
K-parameters for Eq. (4) are summarized in Table 5.

The stator current changes slightly with modification of the
damper winding contact resistances, while the rotor current is af-
fected strongly. The peak rotor current for nominal contact resis-
tance is observed as 3.589 kA (see Sect. 3). The two times nomi-
nal contact resistance increases the peak rotor current to 4.038 kA
(112.5 %), while the four times—to 4.363 kA (121.6 %).

Varying the contact resistance one affects the coefficient K3 which
is coupled to the sinusoidal part of Eq. (4). The corresponding term
decays with the armature time constant.

7. Conclusion
Precise control over performance of a synchronous generator is
not possible without detailed understanding of time-dependent
processes associated with the currents induced in the stator and
rotor windings. Our work provides the promising theoretical ap-
proach to calculate these currents at the 3P-SSC event quickly
and accurately. The proposed method is a combination of the
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FEA and newly developed analytical equation. First of all, the fi-
nite element model, which involves all crucial elements of a syn-
chronous electrical machine (namely stator core and stator wind-
ing, rotor yoke and rotor winding, damper winding and conduc-
tive rotor surface), is investigated. In the second step the new an-
alytical equation, which is based on the results of the FEA and de-
scribes the time-dependent field winding current at 3P-SSC, is pre-
sented.

Our studies have demonstrated that the developed equation is
feasible for both, solid and laminated rotors, with and without
damper bars. It contains 4 phenomenological coefficients for de-
scription of the time-dependent stator and rotor winding currents,
which are evaluated by means of the non-linear transient finite el-
ement method. They have been identified to be unique for a given
configuration of an electrical machine. The results of our theoretical
approach to evaluate the transients in rotor and stator winding have
been found to be in good agreement with the factory test measure-
ments.
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