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Abstract: Monitoring systems have a major role in the security of industrial plants and their equipments. Reporting to the 

operator as soon as possible the changes in behavior of the system in relation to the expected nominal behavior is primordial for the 

implementation of preventive and corrective actions on the process.  This article deals with the modeling and diagnosis of the 

Double Fed Induction Generator (DFIG) defects based on the Bond Graph tool. Since the DFIG is mostly used in the 

electromechanical chains of conversion of wind turbines, or as engine and its operation is governed by several physical phenomena 

and various technological components.  The Bond Graph tool is well adapted because it is based on an energy and 

multiphysical analysis. We introduce the modeling tool used and come out with a bond graph model of the DFIG. Diagnostic 

methods based on the Bond Graph model are   applied for the faults detection and isolation in the DFIG. The results showed a good 

possibility of fault detection and therefore a possibility to use this approach for monitoring purpose. 

Keywords:  Defect, Diagnosis, Analytical Redundancy Relations, fault detection and isolation, DFIG 

 
 

1. Introduction 
 

The double fed induction machine (DFIM) is very popular 

because it has some advantages over all other variable speed 

types (such as cage asynchronous machine, or a synchronous 

generator.) It’s used in the chain of electromechanical conver- 

sion of wind turbine or as engine and has experienced a spec- 

tacular growth in the last years [2], [22], [4]. In generator oper- 

ation, it is best suited for the generation of constant frequency 

energy with variable speed drive. One of the advantages of dual 

power supply is that the rotor circuit can be controlled by a 

power converter.  Indeed, the energy converter used to rectify 

and undulate the alternating currents of the rotor has a nominal 

power fractional to that of the stator, which makes it possible to 

achieve better control of the power transfers with significantly 

improved efficiency and reduces its cost Compared to compet- 

ing topologies [8]. 

Systems designed and manufactured by man (vehicles, aircraft, 

telecommunications networks, factories, etc. . . .) are becoming 

increasingly complex. This complexity is due to the large num- 

ber of components making up these systems. Despite the need 

for high security, reduced operating costs and control of equip- 

ment availability, these systems are not immune to failures. 

Therefore, monitoring, diagnosis (detection, localization, iden- 

tification of failures), repair or reconfiguration are very impor- 

tant [31]. These activities can detect and locate defaults, mini- 

mize repair time, and provide a reliable and easily interpretable 

diagnosis despite the complexity of the equipment [25], [35], 
 
 

[14]. The diagnosis of the systems appeared in order to ensure 

the detection, localization, and identification of failures and it 

became a topic of strategic importance. 

In this work, modeling, simulation and fault diagnosis of the 

DFIG is addressed [5], [11].  This paper is organized as fol- 

lows, Section 2 is related to the modeling and simulation, Sec- 

tion 3 deals to the diagnosis of DFIG, with the discussions of 

the simulation results. Finally, the conclusions of the paper are 

presented in Section 4. 

 

2. Bond Graph modeling and simulation 

Unlike the aynchronous machine, the double fed induction 

machine is a wound rotor machine for which rotor windings are 

fed.  Figure below shows a scheme of a double fed induction 

machine with symmetrical 3-phase winding in both stator and 

rotor. 

Modeling assumptions are: 

Magnetic isotropy (due to material isotropy and round rotor 

geometry, uniform air gap) in both stator and rotor is assumed 

as well as magnetic linearity,we work in an unsaturated regime, 

Eddy current losses and hysterisis phenomena are neglected, 

homopolar is vanished because the neutral is not connected, 

symmetrical stator (subscript s for its parameters and variables) 

with sinusoidally distributed, symmetrical rotor(subscript r for 

its parameters and variables) with sinusoidally distributed,Y- 

connected windings. 

For easier modeling of the doubly fed induction generator, 

the dq reference frame is chosen.  Furthermore, as generator 

convention is considered, which means that the currents are
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    2.1. Modeling and simulation 

To model the DFIG we have two inputs: the angular speed Ω and 

the rotor voltages ( and )  and the output (  and ) are 

calculated through the model. 
 

2.1.1. Parameters of the machine used for simulation 
 

The studied machine is a 2 poles pairs Leroy-Somer wounded-

rotor induction machine.   Its parameters are given below [16] 

                                                                                                                                                                  Electrical: 

Figure 1: equivalent circuit of the DFIG in dq reference frame 

 
outputs instead of inputs: thus,    and    . 

Active and reactive power have a positive sign when they are 

fed into the grid [28]. Using the generator convention, one have 

the following set of stator and rotor equations in the 

reference frame linked to the rotating field. 
 

 
 

 
 

 
 
 

 
 
 

Stator per phase resistance:   

Rotor per phase resistance:  

Stator leakage Inductance:   

Rotor leakage inductance:  

Magnetizing inductance:   

 

Mechanical: 

Inertia:  . 

Viscous friction . 

The voltage injected into the rotor and stator windings with fre- 

quencies are: 

Rotor voltage and frequency: ,  

Stator voltage and frequency:  , 

                                                     

     

To emulate variable speed, we will variate the angular speed 

from  to  at  

and from  to  at 

. One has the figures below.

and the flux linkages becomes: 
 

                                                                         (6) 

                                                                        (7) 

                                                                        (8)  

                                                                        (9) 

 

Active and reactive power to the stator and the rotor are cal- 

culated as follow: 

 

 

 

                      

 
 

 

 

and the net active and reactive power injected into the grid is 

computed as follow: 
 

                                                (14) 

                                               (15) 

 

 

Figure 2:  Electromagnetic torque, mechanical torque in DFIG and angular 

speed of the rotor 

Figure 2 shows the angular speed, the  mechanical and 

electromagnetic torques of the machine. They stabilizes 

rapidly ( ) by operating in supersynchronous mode. The 

mechanical torque is  and the electromagnetique one 

is  These values decrease according to the variation 

of the speed. Concerning the power generated by the machine, 

the activ power to the stator, to the rotor and the net injected 

are stabilized also after  and reached at start up values of

 

                                              (10) 

                                             (11) 

                                             (12) 

                                            (13) 

 

A. T. Boum,  D. G. Tatchou Djesseu
International Journal of Control Systems and Robotics 

http://www.iaras.org/iaras/journals/ijcsr

ISSN: 2367-8917 35 Volume 5, 2020



 

 
 

 
Figure 3: Rotor activ and reactiv power 

 

 

 
 

 
Figure 4: Stator activ and reactiv power 

 

 

 
 

 
Figure 5: Net activ and reactive power injected into the grid 

the order of two to three times the rated power in in steady 

state. The power generated variates with the angular speed. 
 
3. Bond Graph Diagnosis of the DFIG 
 

In order to ensure the safe operation of the systems, Fault De- 

tection and Isolation (FDI) techniques have been implemented. 

Fault Detection and Isolation through Bond Graph uses the no- 

tion of Analytical Redundancy Relations to quickly detect the 

operation of the machine in a mode different from the normal 

one. In this section, we will apply the ARRs generation algo- 

rithm detailled in [17], [43] for the fault diagnosis of the DFIG 

[2], [11]. 

The BG model of the DFIG dedicate for the diagnosis is given 

in the figure 6: we note that, as said in [19], to represent real 

system elements or components explicitly, certain bond graph 

elements should be moved, altered, or added. This is the rea- 

son why the resistances in the diphase reference frame has been 

moved and split into three stator and three rotor coil resistances 

 and , to make explicit the resistance of 

each of the stator and rotor coils. 

 
3.1. ARRs generation algorithm 
 

 
The algorithm for generating ARRs from the BG model for 

diagnosis is summarily carried out according to the following 

steps [17],[43], [11]: 
 

1. Put the Bond Graph model in differential preferred causal- 

ity BGD (by reversing causality of the detectors if possi- 

ble). 

2. Identify the structure junctions "0" and "1" containing at 

least one detector.   Write the equations of the obained 

model; equations of the junctions, sources and control. 

3. For any detector whose causality is reversed an ARR is 

deduced, 
 

                              ;   for a 0-junction. 

                             ;    for a 1-junction. 
 

 depending on whether the half-arrow goes in or 

out of the junction. The unknown variables, effort (e) and 

flux (f) are then eliminated by going through the causal 

path from the known variable (  et ) to the 

unkown one. The ARR coming from the junction "0" will 

have as unit the one of the flux and the one coming from 

the junction "1" the effort. Each of the ARRs will be 

sensitive to faults that may affect the component tra- 

versed by the causal path for the elimination of unknown 

variables. 

4. For any detector whose causality cannot be reversed, an 

ARR is deduced by putting its output in equality with the 

output of another detector of the same type (hardware re- 

dundancy).
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Figure 6: Bond Graph of the DFIG used for the diagnosis 

 
 

Figure 6 shows the Bond Graph model of the DFIG in differ- 

ential prefered causality for the diagnosis. 

Let’s call the 1-junctions with  , and  

Junctions a, b, c, and d respectivelly. 

Equations for the junctions a, b, c and d are 

(a) :  

 

 

(16) 

(b) :  (17) 

(c) :  (18) 

(d) :  (19) 

 

Therefore, we have the residuals that follow: 

Figure 7: Residuals and  of the DFIG in healthy condition (for 

variable speed)

 

Ra :Vdr − l 
d(S S f1) 

dt 
d(S S f2)

 

 

+ ωs φqr + S S e1 + 2S f  ∗ rGY             (20)

Rb :V qs − l 
dt 

+ ωs φqs + S S e1                                       (21) Figure 8: Currents  with a phase to phase short circuit in the stator 

at (For variable speed) 

Rc :Vqr − l 
d(S S f3 ) 

 

 

The generator is still operating in variable speed. The angular  

speed move from  to  at t 

= 1s and from  to  at 

.  The residuals of the DFIG operating in healthy 

conditions are shown in figure 7. 

A phase to phase short circuit to the stator (at t = 1.5s) of the 

DFIG produce resisuals in figure 10. 

A single phase operation in the stator of the DFIG at 

 gives the residuals in figure 15. 

A phase to phase short circuit to the rotor (at ) of 

the DFIG produces the resisuals in figure 16. 

A rotor rolling break (at ) of the DFIG gives the 

resisuals in figure 17.  

A short circuit between two phases of the stator and the 

rotor shows that at the moment of the faults, the currents in the 

stator 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9: Currents with a phase to phase short circuit in the stator at 

 (For variable speed) 

 

              (20) 

                                       (21) 

              (22) 

.                                   (23) 
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Figure 10: Residuals and  of the DFIG with a phase to phase 

short circuit in the stator at  (for variable speed) 

 

 
 

 
Figure 11: Currents with an open phase in stator winding at 

 (for variable speed) 

 

 
 

 
Figure 12: Currents  with an open phase in stator winding at t = 1.5s 

(For variable speed) 

Figure 13:  Currents  with a short circuit in rotor winding at  

 (For variable speed) 

 

 
 

 
Figure 14:  Currents  with a short circuit in rotor winding at  

 (For variable speed) 

 

 
 

 
Figure 15: Residuals and  of the DFIG with an open phase in the 

stator at  (for variable speed)
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Figure 16: Residuals and of the DFIG with phase to phase short 

circuit in the rotor at t = 1.5s (for variable speed) 

 
 

 
 

Figure 17: Residuals and of the DFIG with a rotor rolling break 

at t = 1.5s (for variable speed) 

windings become unbalanced.  In addition, it should also be 

noted that this short circuit also has an effect on the currents 

of the rotor windings which see their amplitudes decrease 

and their shapes change from the time of the occurance of the 

defect. 

During an open phase stator, the current in the the open phase 

is nearby zero and it is found that the machine is powered by 

a two phase. And in the same way as before, the rotor current 

system is no longer the same in amplitude and shape as soon as 

the defect occur rotor rolling break defect. 

 
The results obtained show that for stator faults (short circuit 

between phase and phase break for fixed and variable speed), 

all the residual curves obtained from the ARRs have their am- 

plitude and shape modified. While for a fault at the rotor, one 

of the residues at least is not altered whatever the defect. 

A fault on the DFIG is detected by the modification of the resid- 

uals amplitude or shape from the moment of occurrence of the 

defect (only the rotor defects leave at least one residual almost 

insensitive).  The isolation is obtained by the total sensitivity 

(for a stator defect) or partial (for a rotor defect) of the ARRs. 

 
 

4. Conclusion 
 

In the current energy context, the performance of energy pro- 

duction systems is increasing. They must always produce bet- 

ter, at lower cost and under conditions of security not always 

reliable.  In addition, the processes are increasingly complex 

and increasingly computerized. Thus, it is less and less obvi- 

ous or intuitive to know if everything is going well in a process. 

To this end, monitoring of processes allows the detection and 

diagnosis of anomalies (of faults).  Thus, the more quickly a 

fault is detected and correctly diagnosed, the more the produc- 

tion will not be interpreted and will meet the requirements. We 

presented an interesting diagnostic method by Bond Graph that 

allows to include in a same tool: modeling and diagnosis. 

The use of the Bond Graph tool for modeling and the de- 

tection of defects in DFIG has appeared to be very efficient 

because of its simplicity and its adaptation for different multi- 

physical systems (electrical engineering, mechanical engineer- 

ing , hydraulic . . . ). Our contribution concerns the application 

of a method based on the Bond Graph to model, and then 

generate Analytical Redundancy Relations (residuals) for the 

detec tion and isolation of defects. 
 
Nomenclature 
 

 and   are stator and rotor leackage inductances refered to 

the stator side. 

 and  are stator and rotor                                                      

resistance refered to the stator. 

 is the magnetising inductance.                       

   is the number of pole pairs. 
Ω is the angular velocity of the rotor 

and  are the stator voltages in the dq 

frame.  

 and    are the rotor voltages in the dq frame. 

and     are the stator currents in the dq frame. 

 and    are the rotor currents in the dq frame. 

and    are angles of Park’s transformation respectively for 
stator and rotor parameters. 

  are stator and rotor fluxes in the dq frame 

 are stator and rotor fluxes in the dq frame 

  and  are stator activ and reactiv power 

 and   are rotor activ and reactiv power 

   is the electrical rotating speed of the stator flux 

 is the electrical rotating speed of the rotor flux 
 is the mutual inductance 
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