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Fault tolerant back-to-back converter topology for wind turbine 
with Doubly Fed Induction Generator 

A. Gaillard1, S. Karimi1, P. Poure2, S. Saadate1

Abstract – This paper presents a novel fault tolerant converter topology for grid connected Wind 
Energy Conversion System (WECS) with Doubly Fed Induction Generator (DFIG). This topology 
allows fast fault detection and compensation of one of the semiconductors or drivers by using 
isolating and connecting devices. It is based on a unique redundant leg for both back to back 
converters. We present a new detection algorithm, robust to false fault detection due to 
semiconductor switching. Simulation results are presented cases on both back-to-back converters 
and both hyper and hypo synchronous conditions. 

Keywords: Wind Turbine Generator, Fault Tolerant Converter, Fault detection, Fault compensation, 
Doubly Fed Induction Generator 

Nomenclature: 

k (k = 1, 2, 3, 1′, 2′, 3′)   leg number 
Tk         top IGBT switches 
vkOm measured  pole voltages 
vkOes estimated  pole voltages 
Vdc dc-link voltage
intk(t)       time error signal
Ids, Iqs, Idr , Iqr       stator and rotor currents in the

(d-q) reference frame
θs, θr stator and rotor field angle
φds, φqs, φdr , φqr stator and rotor flux in the (d-q)

reference frame
Rs, Rr stator and rotor resistance
Ls, Lr cyclic stator and rotor inductance
M cyclic mutual inductance
Tem electromagnetic torque
Tr resistant torque
f viscose torque coefficent
Ω mechanical rotation speed
J global inertia
p pair poles number
Vs RMS value of the grid voltage
Pgrid active power injected into the grid

I. Introduction

The demand for continuously available electronic 
power systems is increasing. Power systems are mostly 
feeding loads requiring non-stop and fault tolerant 
operation. WECS are typical application cases where the 
efficient production is directly linked to economic 
benefits [1]. The generator used in the studied WECS 
with DFIG is controlled by back to back converters to 
provide power to the grid. This distributed generation 
technology is one of the most used wind turbine 

generator in recently built wind farms [2]. DFIG present 
many advantages and is is the only variable speed wind 
turbine generator that does not require a full-size rated 
rotor side power converter to provide the grid with a 
constant frequency with unity power factor capability 
[2]. However, this WECS is highly sensitive to faults 
occurring at the back to back converters as well at the 
sensors. A sudden failure in one of the power switches 
or drivers decreases system performances and its effect 
can lead to hard failure. Hence, to reduce the failure rate 
and to prevent unscheduled shutdown, real-time fault 
detection, isolation, and compensation scheme should be 
adopted.  

Recently, Shander-Mustapha and Slama-Belkohja 
studied current sensor failure in a DFIG wind turbine. 
They proposed a method to locate the faulty sensor and 
they proposed to reconfigure the controller [3]. More, 
the fault mode behaviour of static converters, protection 
and fault tolerant control of voltage source inverter 
systems has been covered in a large number of papers. 
Kastha and Bose [4] made a systematic investigation of 
the voltage source PWM inverter system for induction 
motor drives on various fault modes. However, they do 
not propose any method to identify faults. In [5]-[6] 
analysis of the current-vector trajectory is used to 
identify fault modes. Mendes and Cardoso [7] have 
suggested to use the average motor currents Park’s 
vector monitoring, for diagnosing voltage source 
inverter faults in AC drives. All the methods previously 
discussed take at least one fundamental period to detect 
the fault occurrence. Special methods have been also 
developed to minimize the time between fault’s 
occurrence and detection. Riberio et al. [8] proposed 
different techniques for fault detection in voltage source 
asynchronous machine drive systems. These techniques 
are a kind of knowledge based procedure and use extra
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Fig. 1. Fault tolerant back-to-back converter topology. 

sensors. With these techniques the fault is detected in 
one fourth of the fundamental cycle. 

In this paper, we propose a new fault tolerant back-to-
back converter topology. Then we detail a new fault 
identification and compensation method in both hyper 
and hypo synchronous conditions. First, we examine the 
response of the WECS in fault occurrence case for one 
semiconductor or driver of one of the two converters. 
Four cases are studied: the fault can either occur over 
the Grid Side Converter (GSC) or over the Rotor Side 
Converter (RSC) in both hyper or hypo synchronous 
mode. The approach introduced here minimizes the 
delay time between the fault occurrence and its 
diagnosis. This paper demonstrates the possibility to 
detect a faulty switch in less than 10 µs by using a “time 
criterion” instead of “voltage criterion”. Finally, the 
proposed detection method is applied to the fault 
tolerant back-to-back converter topology. It only 
implements one redundant leg for any fault occurrence 
in the GSC or the RSC. Consequently, the back-to-back 
converter can still operate in nominal conditions even if 
a power semiconductor or a driver is faulty, in any wind 
speed conditions. 

II. Fault tolerant topology

The studied WECS is based on a horizontal axis wind 
turbine and an indirect controlled DFIG with Maximum 
Power Point Tracking (MPPT) and pitch controls. Fig. 1 
shows the fault tolerant topology. It is based on a back-
to-back converter and a redundant leg composed of the 
switches T7 and T8. This leg will replace if necessary the 
faulty one of the other legs. When a fault has occurred in 

one of the semiconductors or drivers, the fault detection 
scheme detects and locates the fault and isolates the 
faulty leg. If the fault is an open-circuit, the isolation is 
implemented by removing the gate signal from both 
switches of the faulty leg. In short-circuit case, the faulty 
leg is isolated by very fast acting fuses; consequently, 
the short-circuit fault becomes an open-circuit fault after 
isolation of the faulty leg by the fuses. Then, in both 
cases, the reconfiguration scheme triggers the suited 
bidirectional switch Trk in order to connect the faulty 
phase to the middle point of the redundant leg. In 
summary, in a fault case on the leg number k, the 
compensation is achieved by the following steps: 

- Detection of the faulty leg (detailed in next
section);

- Removing the switching orders of the two
switching drivers of the faulty leg number k;

- Triggering of the suited bidirectional switch
Trk;

- Using the switching orders of the faulty leg for
the redundant one;

- Stopping the fault detection scheme.

I II. Fast fault detection and identification
principle 

Power semi-conductors fault detection is based on the 
comparison between measured and estimated pole 
voltages. The estimated voltages can be expressed by: 
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Where kS  = {0, 1} is the switching pattern (opened or 

closed) for the top semi-conductor of the leg number k. 
The fault occurrence can be determined by analysing the 
voltage error obtained from the difference between the 
measured and estimated pole voltages.This voltage error 
is given by: 

koeskomko vv −=ε  (2) 

We suppose that the switches are ideal. With this 
supposition, in normal operation, the measured and 
estimated pole voltages are equal and thus their 
difference is zero. 

In short circuit case, the fast acting fuse of the faulty 
leg first isolates the leg. Then, the faulty switch is 
opened and the fault detection also consists in an open-
circuit fault. Consequently, only open-circuit fault will 
be studied in next sections. 

In the following, the open-circuit fault in one of the 
top switches Tk is considered. The voltage error and the 
measured pole voltage are calculated analytically. An 
open circuit fault in the switch Tk reduces the pole 
converter topology to the equivalent circuit presented in 
the Fig. 2. In this circuit, the measured pole voltage and 
the voltage error for the phase k depend on the phase 
current ik and the switching pattern Sk+3 of the switch 
Tk+3.  

Even though the estimated voltage, koesv , depends

only on the state of the switching pattern of the switch 

Tk+3, the measured pole voltage, komv , can be changed

with the sign of the phase current ik: 

If i k > 0 then 
2
dc

kom
V

v −=  (3a) 

If ik < 0 and 13 =+kS  then
2
dc

kom
V

v −=  (3b) 

If ik < 0 and 03 =+kS  then
2
dc

kom
V

v =  (3c) 

Table 1 presents the voltage error. We demonstrated 
that the fault is detected only if ik > 0 and 03 =+kS

because in the other cases the leg number k operates 
correctly and thus the voltage error is zero.  

Fig. 2. Equivalent circuit for open circuit fault in the switch Tk. 

TABLE I 
VOLTAGE ERROR FOR OPEN CIRCUIT FAULT IN THE SWITCH 

ik Sk+3 Dk Dk+3 vkom vkoes koε

>0 0 Off On 
2
dcV

−
2
dcV

dcV−

>0 1 Off On 
2
dcV

−
2
dcV

− 0 

<0 0 On Off 
2
dcV

2
dcV

0 

<0 1 Off Off 
2
dcV

−
2
dcV

− 0 

Same analysis can be used for the open-circuit fault in 
any one of the bottom switches. Thus with ideal 
switches consideration, the fault occurrence in each leg 
can be determined with a comparator that compares the 
measured and estimated pole voltages. However, in real 
case, because of turn-off and turn-on propagation time 
and interlock dead time generated by the switches 
drivers, the voltage error is not null in “healthy” 
conditions and constituted of pick during switching 
time. To avoid false fault detections due to power semi-
conductors switching, we think of transforming the 
“voltage” error signal in a “time” error signal. Also, the 
time error signal intk(t) is achieved for each phase by 
first taking the absolute value of εkO (t), applying the 
result to a comparator with a value h and integrating the 
comparator output as presented in the Fig. 3. The output 
of the first comparator is equal to zero if |εkO(t)| < h and 
equal to one if |εkO(t) | ≥ h. Thus, the output of this 
comparator is a repetitive square waveform due to semi-
conductors switching. The output of the integrator is 
equal to the time during which vkOm and vkOes are 
different, if integration is initialised to zero after each 
square waveform. Consequently, we detect the fault 
occurrence using a “time criterion” instead of “voltage 
criterion”. To do this, we applied the integration result 
signal to a second comparator having a value Tf several 
times larger than switching time. By this way, we avoid 
false fault detections due to semiconductor switching 
and we can detect the fault in less than 10 µs. The 
resulting signal fk from the fault detection scheme is 
used to isolate the faulty leg, to trigger the suited 
bidirectional switch Trk and to stop the fault detection.

Fig. 3. Fault detection for the phase k. 
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Fig. 4. Control of the Fault Tolerant System (k = 1, 2, 3). 

IV. Control of the Fault Tolerant System

Fig. 4 shows the control principle for the fault 
tolerant WECS. In healthy conditions, the switching 
pattern for the RSC and GSC are defined by a vector 
control strategy, detailed in next section. The fault 
detection and identification bloc generates the fk orders 
according the principle depicted in Fig. 3. The RSC or 
GSC switching pattern and the redundant leg connection 
control bloc manages the suited triac connection and the 
redundant leg switching pattern according to the 
detected faulty leg. In healthy conditions, the six outputs 
of the RSC or GSC control are directly applied to the 
RSC or GSC, whereas in fault case, only four of them 
are used for the RSC or GSC and the two others ones 
drive the redundant leg. 

V. Vector Control of the DFIG

The studied DFIG is controlled to produce electrical 
power at constant frequency whatever wind and speed 
conditions. The stator of the DFIG is directly connected 
to the grid and the rotor is fed by two bi-directional 
converters (RSC and GSC) connected between the rotor 
and the grid. The indirect control method is based on 
regulating the active and reactive powers of the DFIG, 
by controlling the (d-q) rotor currents [9]-[10]. 

V.1. Modeling of the DFIG

We used the classical (d-q) modelisation in the Park 
reference frame [10]. The equations for a DFIG and a 
classical squirrel cage generator are identical, excepted 
the rotor voltages which are not null for the DFIG. 

The stator and rotor voltages Vds, Vqs, Vdr and Vqr in 
the (d-q) reference frame are defined by: 
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After simplification, the equations (4) and (5) 
become: 
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Where σ is defined by: 
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and Eds, Eqs, Edr and Eqr are the coupling terms between 
the d and q axes. Their expressions are given in 
Appendix. 

The mechanical equation is: 

dt

d
JfTT rem

Ω+Ω+=  (8) 

The electromagnetic torque depends on the (d-q) flux 
and currents: 

( )qsdrdsqr
s

em II
L

M
pT ϕϕ −=  (9) 

V.2. Control of the RSC

After Laplace transformation, the rotor voltages 
defined by the equation (6) become: 

( ) ( ) ( ) ( )
( ) ( ) ( ) ( )




++=
++=

sEssILsIRsV

sEssILsIRsV

qrqrrqrrqr

drdrrdrrdr

σ
σ

 (10) 

With s the operator of Laplace. 

The resulting bloc diagram for rotor voltages from 
equation (10) is presented in the Fig. 5. In this figure 
Fdr(s) and Fqr(s) are transfer functions for the rotor 
voltages and are expressed by: 
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To achieve an independent control of active and 
reactive power, we established the equations between 
the powers and the rotor variables of the DFIG. We 
choose to set the stator flux vector aligned with the d 
axe. Consequently: 
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The grid is assumed to be stable and consequently φds 
is constant. By neglecting the stator resistance of the 
DFIG, we obtained : 
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The active and reactive power of the DFIG can be 
expressed by : 
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Fig. 5. Bloc diagram for the RSC voltages. 

Or from the rotor currents by: 
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The RSC control diagram presented in the Fig. 6 is 
directly established from the equations (15) of the DFIG 
model. We used a Proportional Integral corrector for the 
current control [11]. 

V.3. Control of the GSC

The model of the system (Fig. 7) is given by the 
following equation: 

''''''''' 321321321123 vi
dt

d
LiRv ff ++= (16)

Rf and Lf are respectively the resistance and inductor 
of the input filter. The Park model in the GSC (d-q) 
reference frame is given by: 
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Fig. 6. RSC Vector Control. 

 
 
 

Fig. 7. GSC grid side connection. 

After Laplace transformation, voltages defined by the 
equation (16) become: 
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The resulting bloc diagrams for the voltages of the 
equation (18) are presented in the Fig. 8. 

 
 

Fig. 8. Bloc diagrams for the GSC voltages. 

With: 
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The direct axis current is used to regulate the GSC 
reactive power Qf and the quadrature axis current is used 
to regulate the DC bus voltage. This method also gives 
the possibility to control independently the active and 
reactive power echanged between the GSC and the 
electrical grid. 

In the Park reference frame, the voltage source 

components are 0=dsV  and 3sqs VV =  and the

powers can be expressed by: 
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By neglecting the converter losses, we have: 
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The GSC vector control diagram presented in the Fig. 
9 is directly established from the equations (18) and (21) 
of the GSC model. We used a Proportional Integral 
corrector for the current and DC bus voltage controls 
[11]. 
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Fig. 9. GSC Vector Control. 

VI. Simulation Results

In this section, we examine the response of the WECS 
in the four possible fault cases when a driver or a 
semiconductor is faulty. As explained in section III, only 
open switch fault is considered because of the use of 
fuses. We considered that the fault appears on the third 
leg of the RSC or of the GSC. The studied cases are the 
following: 

- GSC is faulty in hypo synchronous mode (case a),
- GSC is faulty in hyper synchronous mode (case b),
- RSC is faulty in hypo synchronous mode (case c),
- RSC is faulty in hyper synchronous mode (case d).

Simulation results are obtained using 
Matlab/Simulink associated with the toolbox 
SymPowerSystems. System parameters are given in the 
Appendix. For the two cases a and c, speed generator Ω 
is regulated by MPPT at 140 rad/s and for cases b and d, 
the speed is equal to 200 rad/s. 

VI.1. Fault occurrence without compensation

Fig. 10 and Fig. 11 present simulation results for the 
cases a and b respectively, when a fault of the top switch 
T3’ of the GSC appears at t = 200 ms without fault 
detection. 

Fig. 12 and Fig. 13 present simulation results for the 
cases c and d respectively, when a fault of the top switch 
T3 of the RSC appears at t = 200 ms without fault 
detection. 

For GSC fault occurrence in both speed conditions 
(cases a and b), an open circuit without fault 
compensation leads to oscillations of the Vdc voltage and 
consequently of the power injected into the grid. We can 
notice that these oscillations are not the same in both 
speed conditions; in hypo synchronous mode, the GSC 
operates as a rectifier while in hyper synchronous mode 
it operates as an inverter. 

For RSC fault occurrence in both speed conditions 
(cases c and d), we either observe oscillations of Vdc and 
consequently of Pgrid. In hypo synchronous mode, the 
RSC operates as an inverter and consequently the grid 
power oscillations are not so important than in hyper 
synchronous mode where the RSC operates as a 
rectifier. 

In conclusion, the four cases in any speed conditions 
lead to electrical and mechanical oscillations which 
dammage the WECS and the electrical grid. 

VI.2. Fault occurrence with compensation

Fig. 14 and Fig. 15 present simulation results for the 
cases a and b respectively, when a fault of the top switch 
T3’ of the GSC appears at t = 200 ms with fault detection 
and compensation. 

Fig. 16 and Fig. 17 present simulation results for the 
cases c and d respectively, when a fault of the top switch 
T3 of the RSC appears at t = 200 ms with fault detection 
and compensation. 

With fault detection and compensation, WECS can 
still operate in nominal conditions. The fault is correctly 
detected in less than 10 µs. In the four cases, the fault is 
detected and the faulty leg of the GSC or the RSC is 
replaced by the redundant one. 

VII. Conclusion

This paper validated the possibility to achieve fault 
tolerant operation for a WECS with DFIG by adding one 
redundant leg to the classical back-to-back power 
converter topology. More, we examined a new fault 
detection and compensation method, avoiding false fault 
detection due to semiconductor switching. The proposed 
method minimizes the delay time between the fault 
occurrence and the diagnosis. The simulation results 
demonstrate the possibility to detect a faulty switch in 
less than 10 µs by using a “time criterion” instead of 
“voltage criterion”. The lower limit for the detection 
time depends on the switching time. In actual WECS, 
when a fault appears on the back-to-back converter, the 
system is disconnected from the electrical grid. As 
proposed in this paper, with a fault tolerant back-to-back 
converter associated with fast fault detection and 
compensation, the WECS can still operate in nominal 
conditions and consequently economic benefits can be 
realized. More, the fault detection principle detailed in 
this paper can be used in any application using three-
phase voltage source inverter. 

We are currently working on fault tolerant WECS 
with DFIG when a voltage or a current sensor is faulty 
to increase the reliability of this green power generation 
system. 
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Fig. 15. Case b with fault compensation 
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Appendix 

Grid parameters: 230V-50Hz, Vs=230V, ωs=314rad/s 

DFIG parameters: Rs=0.455Ω, Rr=0.19 Ω, Ls=70mH, 
Lr=21mH, M=34mH, σ=0.214, f=0.00673Nm/rad/s, 
J=0.3125kg.m2 
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Filter and DC bus capacitance parameters: Rf=1m Ω, 
Lf=4mH, C=600µF 

RSC Vector Control:  Psref=-6kW at Ω=200rad/s, 
Psref=-10 kW at Ω=140rad/s, Qsref=0VAr, kp1=13.482, 
ki1=570 

GSC Vector Control: Vdcref=700V, Idsref=0A, kp2=0.229, 
ki2=43.74, kp3=12, ki3=3 
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