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Effect of short-circuit in stator windings on the operation of doubly-fed induction generators
operating in a wind power system

Introduction. Wind energy has been a clean and renewable source of electricity in recent decades, making a significant addition to
overall generation, and wind power is one of the most popular sources of renewable energy. Problem. Accurate modeling of wind
turbine generators is critical to improve the efficiency of power systems. Doubly-fed induction generator (DFIG) stands out for its
economic advantages associated with the use of frequency converters and induction machines. Increasing operating and maintenance
costs of wind turbines highlight the need for early fault identification to optimize costs and ensure reliable operation. The goal of this
work is to develop a simplified yet effective model for analyzing stator winding short-circuits in DFIGs operating in wind turbines. The
model uses line-to-line voltages as inputs and explicitly considers the neutral-point voltage variation under fault conditions.
Methodology. The problem was solved using spectral analysis, the model was implemented for 4 kW DFIG wind turbine in MATLAB to
validate its effectiveness. Results. The simulation results confirm the effectiveness of the proposed approach for timely fault detection
and analysis. It demonstrates computational simplicity by accurately capturing the main fault characteristics, which is preferable to
traditional methods such as symmetrical components and FEM. The scientific novelty of the work lies in a methodology for modeling
DFIG during stator short-circuits, integrating the effect of elevated neutral voltage during faults using line-to-line voltages in the base
model. It also takes into account phenomena such as magnetic saturation, gap effects, and skin effects. The simplicity of the model makes
it suitable for condition monitoring and validation of fault-tolerant control algorithms, which distinguishes it from more complex
methods such as symmetrical components or the FEM. Practical value. The proposed model offers a pragmatic and reliable approach
Jfor monitoring and analyzing defects in DFIG wind turbines. Its versatility and efficiency improve the optimization of maintenance costs
and reliability of renewable energy systems. References 27, tables 2, figures 8.
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Bcmyn. Bimpoenepeemuxa € exonoeiuno yucmum ma iOHO6II08AHUM 0Jicepenom elleKmpoeHepeii 8 OCManHti oecamunimmsl, poonadu
SHAUHULL BHECOK Yy 302ANbHY 2eHepayiio eHepeil, i € 0OHuM i3 HaunonyiapHiuux odxcepen 6ioHoemosanoi enepeii. Ilpodnema. Toune
MOOeno8anHsl Gimpo2eHepamopie € KpUMuUUHO 8adNCIUSUM O NIOBUWEHHs epheKmusHocmi enepeocucmem. Acunxponnuii 2enepamop 3
noogivinum srcusnennam (DFIG) iopiznacmvcs eKoHOMIUHUMU Nepesazamu, No8 A3aHUMU 3 BUKOPUCIIAHHAM NepemBopIO8ayis Yacmomu
Ma ACUHXPOHHUX MauiuH. 3POCMAHHA UMPAM HA eKCHAYAMayilo ma mexuiune 00CIY208Y8AHHA GIMPOCEHEPAMOPIE8 NPU380O0UMs 00
HeoOXIOHOCII PAHHLO2O GUAGNIEHHS HeCnpasHocmell 01 onmumizayii eumpam ma 3abesneyeniss HaodiiHoi pobomu. Memoro danoi
pobomu € po3pobka cnpowenoi, ane egekmueroi Mooeni Onsi PO3PAXYHKY KOPOMKO20 3amukanus obmomku cmamopa DFIG, wo
npayioe y impozenepamopi. Mooenv euxopucmogye 3naueHHs NHIIHOI Hanpy2u ma 6paxogye NiOsuljeHHs Hanpyeu @ HeumpanbHii
mouyi y pasi Hecnpasnocmeil. Memoouka. 3a60anus 6upiuieHo 3a O00NOMO2010 CHeKmpalbHo20 ananizy. Moodenv peanizosana y
MATLAB ona eimpocenepamopa DFIG nomyschicmio 4 kBm ona niomeepoowcenus it ecpexmusnocmi. Pe3ynomamu mooenosatHs
niomeepoAicyioms  eheKmusHiCms  3anPONOHO8AH020 NIOX00Y 00 CBOEUACHO20 GUABNIEHHA MaA auanizy HecnpasHocmeil. Mooenw
O0eMOHCIPYE 00YUCTIOBATLHY NPOCMONTY, MOYHO DIKCYIOUU OCHOBHI XAPAKMEPUCTNUKU HECHpasHOCmell, wo Kpauje mpaouyitiHux
Memooie, makux K CUMEmpUuyHi KoMnonenmu ma memoo ckinuennux enemenmie (MCE). Haykoea noeusna pobomu nonscac 6
memooonocii modemosannss DFIG npu KOpOmMKuUX 3aMUKAHHSX CMAmMopd, wjo 6paxoeye 6Niue NiosuwjeHoi Hanpyeu Hetumpani npu
KOPOMKUX 3AMUKAHHSX 3 GUKOPUCMAHHAM JIHIUHUX Hanpye 6a3060i mooeni. Modens makodic epaxoeye maki Aeuuya, sk MacHimHe
HACUYeHHs!, 8NAUE 3a30py ma ckin-epexm. I[Ipocmoma modeni pobumbv il npudamuoro 01 MOHIMOPUHESY CMAHY MaA 6anioayii
aneopummie cmitikocmi 00 8iOMO6U, WO GIOPI3HAE il 6I0 CKIAOHIWUX MemOoOi8, MAaKux axk cumempuyHi xomnonenmu ab6o MCE.
Ilpakmuuna 3nauumicme. Po3pobrena moodens nponouye npakmuyHutl ma HAOiuHutl nioxio 00 MOHIMOPUH2Y Mma anaaisy oegexmis y
simposux myp6inax 3 DFIG. Ii ynisepcansmicms ma eexmusnicms cnpusioms onmumizayii 6umpam Ha mexuiune 06C1y208Y6aHHs ma
niosuwennio Haditinocmi cucmem 8i0Ho808anoi enepeemuku. biomn. 27, tabn. 2, puc. 8.

Knrouoei cnosa: acCHHXpOHHMI reHepaTop 3 NOABIHHNM KMBJICHHAM, KOPOTKe 3AMHKAHHSA, BiTpOBa TypOiHa.

Introduction. Wind energy is recognized as one of
the most efficient and resilient renewable energy sources.
In modern power systems, the configuration of variable-
speed wind turbines is widely adopted to maximize
energy capture and operational flexibility. Among the
components of wind energy conversion systems, doubly-
fed induction generators (DFIGs) are preferred due to
their capability for variable-speed constant-frequency
operation and high system efficiency [1].

The stator windings of DFIGs are subjected to thermal,
electrical, and mechanical stresses, which can affect the
performance and reliability of the generator and associated
components [2, 3]. Inter-turn short circuit faults in the stator
windings are particularly critical because they disturb voltage
and current symmetry, potentially destabilizing the entire
system [4]. Compared to other generator types used in wind
energy, squirrel-cage induction generators operate only at
fixed speed and lack controllability [5], while permanent
magnet synchronous generators offer high efficiency but

require full-scale converters and are more expensive [6].
DFIGs remain a practical compromise for medium and high
power applications due to their partial converter rating and
grid compatibility.

Several techniques have been developed for detecting
inter-turn short-circuit faults in the stator windings of
DFIG-based wind energy systems. Signal-based methods
remain prevalent, where fault diagnosis is performed by
monitoring deviations in physical quantities such as
external leakage flux [7], wideband frequency response [8],
flux density distribution [9], and vibration analysis [10].
However, selecting an appropriate monitoring signal
remains a key challenge, especially in distinguishing stator
asymmetries. Observer-based approaches have also been
applied [11], yet they may suffer from parameter sensitivity
and false positives. Recently, artificial intelligence methods
including neural networks [12], deep learning [13] and
decision trees [14] have shown potential for fault
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classification, although they are often complex and
require extensive training data. For modeling stator
winding short-circuit faults, classical techniques such as
the symmetrical components method [15] and finite
element method (FEM) [16-18] are commonly used.
However, both approaches tend to overlook the neutral-
point voltage rise during fault conditions and require
considerable simulation time.

This study focuses on small-scale wind energy systems
using DFIGs rated at 4 kW [19], primarily designed for
stand-alone applications or isolated consumers.

The goal of this work is to develop a simplified yet
effective model for analyzing stator winding short-circuits
in DFIGs operating in wind turbines. The model uses line-
to-line voltages as inputs and explicitly considers the
neutral-point voltage variation under fault conditions.

This formulation enables efficient fault detection
and analysis, supporting the development of condition
monitoring strategies and fault-tolerant control schemes.
Spectrum analysis is used to extract key harmonic
indicators related to stator faults and validate the model
through simulation on a 4 kW system.

Turbine modeling. The blades of a wind turbine
capture the kinetic energy of the wind and transmit it to the
rotor of a DFIG via a gearbox [20]. The wind turbine’s
power is calculated as:

R=gpS, (1)
where P, is the wind turbine’s power; S is the surface
swept by the blades of the turbine; p is the air density; v is
the wind speed.

The wind turbine’s mechanical power is expressed
as [21, 22]:

B= 3P S-Cpa PV, )

where P, is the mechanical power; C,(4,0) is referred to
as the power coefficient, indicating the turbine
aerodynamic efficiency. It depends on the tip speed ratio
4, defined as the quotient of the blade tip speed to the
wind speed, and the blade pitch angle /.
The ratio A can be articulated as [23, 24]:

A=R-0Q /v, 3)

where (2 is the rotational speed of the turbine; R is the

blade radius.
The function of the power coefficient is (4):

7-(1+0.1)
14.34-0.3( - 2)) &)

Aerodynamic torque 7; is produced when aerodynamic
power is transformed into mechanical power [25]:

b ! S CpA BV . ()

o 2.9
The gearbox is a speed adapter from that of the
turbine to that of the generator [26]:

G=T,/T, =2/, ©)
where £, is the mechanical speed; 7, is the mechanical
torque.

Finally applying the fundamental relation of the
dynamic, the model is completed as:

Cp(4.)=035-0.0167(8- 2)sin[

;=

do
J dlm :Tm_Tem_fv'Qm= @)

where J is the total inertia; T,, is the electromagnetic
torque; f, is the viscous friction.

DFIG modeling. Under asymmetrical conditions,
the stator voltages are unknown and deviate from the
network phase voltages due to fluctuations in the neutral
point voltage. This effect entails utilizing line-to-line
voltages as inputs in the state model of the DFIG [19].
Thus, the stator voltage is indicated as:

do,,] ,
Tsc = [Usc]+ [Rsc]'[lsc]v (®)
where [ @,] is the stator fluxes vector; [Us.] = [U.py Uper Ucas O]T
is the line voltages vector; [i] = [iu, ips less is]" is the line
currents vector; [Ry,] is the stator windings resistances matrix:
Tas  —Thg 0 0

0 7, -1, 0
R 0 ©)
Ccs

as
0 0 0

A short-circuit between 2 distinct places in the stator
windings creates an alternative short-circuited phase,
designated as «d» [27]. The novel phase is represented as:

Vd'id +ﬂ20, (10)
dr
where r;, i;, @, are the resistance, the current and the
magnetizing flux of the faulty phase.
We determine the short-circuit factor k. as:

koo |%] =2 100% , (11)

NS
where N; is the number of stator-turns; n.. is the number
of short-circuited turns.

The stator fluxes matrix is:

[@,.]=[1. ][], (12)
with
1 -1 0 O
[ (13)
-1 0 1 0
0O 0 0 1
[@S]:_[Lss]'[isc]_[l‘sr]'[ir]s (14)

where [T] is the transformation matrix; [L] is the matrix of
the stator inductances; [Ly.] is the matrix of the stator and
rotor mutual inductances; [Z,] is the rotor currents vector.

In the case of an inter-turn fault in phase 4, the
stator and mutual inductances are given as:

b L, —b-% —b-% b-f,-Lm,
Y .
L,)=| 2 : 2 ‘239
s L L L. |
_p.ms _ms L —f' ms
2 2 s a2
L L 5
b'fa'Lms _fa' rzns _fa'% a 'Ls
M
[Lsr]: Lsr 1o (16)
Jo

with
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3
b=(1=f,); Ly =Ly + i), (19)

where L is the leakage inductance of the stator windings;
L, is the stator magnetization inductance; L, is the
maximum of the stator and rotor mutual inductances; f; is
the short-circuit factor.

The rotor voltages equation, based on equivalent
rotor variables, is formulated as:

D
921 (w15,
where [V,] is the rotor voltages vector; [R,] is the rotor

winding resistances matrix; [ @,] is the rotor fluxes vector:
[q)r]:_[l‘rs]'[is]_[l‘rr '[ir]’ (21)
where [L,] = [Ly]" is the rotor and stator mutual
inductances matrix; [L,,] is the rotor inductances matrix.
The stator currents vector comprises 4 interdependent
values, with only 3 independent components required for its
calculation. The current vector is defined with 3
components: i, Iy, and i, yielding the following matrix
representation:

; (17)

(20)

[isc ] = [Bsc ] [iabds ] : (22)
The stator flux is represented by a vector consisting
of 3 independent components, defined as follows:

[Qabds ] = [Asc ’ [Qs ] > (23)
with
1 -1 00 100
[Ael=lo 1 -1 05, 12| 1 O
o0 o1 7P bo
0 0 1
Using (15), (22) and (23), we obtain:
{[¢abds ] = [Msc ] [iabds ] + [Msrc ] [ir ]: 24)
[¢r ] = [Mtsc ] [iabds ] + [er ] [ir ]’
with
[Msc]: [Asc]' [Lss]' [Bsc];
[Msrc ] = [Asc ] [Lsr ]; (25)
[Mrsc]: [Lrs]' [Bsc]’
Based on (24), we get:
[iabds ] = [Csc ] [¢sr ]’
Vit oy 0
with
[Csc]: - [Msc]_ [Msrc]' [er]—l : [Mrsc] l;
L e T VA 1770 w1 Y )

(@4 1= [@upas - [M [, [,]
[¢rs ] = ([¢r ] - [Mrsc ] : [Msc ]_l : [¢abds ]

Finally, by using (7), (8), (20) and (26), we obtain
the state model of DFIG:

% = [Rsc]' [Bsc]' [Csc]' [djsr]_'_ [VS];

dl®
R TS0 90 72 SES
do 1
dtm :7'(Tem ~Tn—fy 'Qm)
The electromagnetic torque expression is:
o|L
T = iy - el ) (29)

00

where p is the pole pairs number; € is the mechanical
angle (angle of the body rotation due to torque 7,,).

Results. The simulations of the whole system were
performed with MATLAB software. The wind turbine
and DFIG parameters are given in Table 1, 2 with a short-
circuit factor of 5 % on phase 4. The wind speed and
mechanical speed are shown in Fig. 1, 2. Figures 3-5
illustrate the stator currents, voltages and magnetic flux,
while Fig. 6-8 show the spectrum analysis of the stator
current /,,, voltage V,, and flux @,.

Table 1
DFIG parameters

Rated power P, kW 4
Mutual inductance L,,, H 0.258
Stator inductance L,, H 0.274
Rotor inductance L,, H 0.303
Stator resistance R, Q 4.85
Rotor resistance R,, Q 3.805
Number of pole pairs p 2
Moment of the inertia J, kg-m® | 0.045
Viscous friction f,, kg-m*s™ 0.0038

Table 2

Wind turbine parameters

Radius R, m 3
Gear box ratio G 54
Number of blades 7, 3
Nominal wind speed v, m/s 12 m/s

V, m/s

L L L L L L L LS
o 1 2 3 4 5 6 7 8 9 10

Fig. 1. Wind speed

t,s
8 9 10

o 1

Fig. 2. Mechanical speed
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Fig. 3. Stator currents
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Fig. 6. Spectrum analysis of the stator current /,,
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Fig. 7. Spectrum analysis of the stator voltage V,
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Fig. 8. Spectrum analysis of the stator flux @

Spectral analysis of these magnetic fluxes reveals
significant variations when a 5 % inter-turn short-circuit
occurs in phase A. At the same time, high-frequency
components appear in the stator currents, producing
acoustic noise and vibration. These phenomena induce
additional stresses in the gearbox and turbine blades,
reducing their service life. The stator current spectrum
analysis reveals the emergence of distinct harmonics at
frequencies of 150 Hz, 250 Hz and 350 Hz. These
harmonics resemble those of stator flux and voltage.
Harmonic components in the stator currents lead to the
production of pulsating torques. As a result, significant
consequences such as overheating occur, indicating that
overcurrent is generated among the short-circuited turns
and the stator windings, especially within the defective
winding. Moreover, unbalanced voltages are generated in
the stator windings as a result of the asymmetry of the
stator fluxes. This asymmetry can adversely affect the
control algorithms of the DFIG and disrupt the maximum
power point tracking leading to a reduction in energy
efficiency and stability.

Conclusions. This study analyzed the effect of stator
inter-turn short-circuit faults on the operation of DFIGs in
wind power systems, using a simplified electromagnetic
model that includes the rise of neutral point voltage.

The model, based on line-to-line voltages, proved
effective in identifying key fault-related harmonics through
spectral analysis, confirming its diagnostic capability.

Simulation results showed that such faults lead to
electromagnetic imbalances, which cause mechanical
vibrations and control instability, ultimately reducing
system reliability.

The proposed modeling approach offers a practical tool
for condition monitoring and lays the groundwork for further
studies on other fault types in DFIG-based wind turbines.
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