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Abstract 

To analyze responses under open fault conditions in switching devices, a performance 

investigation and condition monitoring scheme are presented through an integrated 

simulation study of a permanent magnet synchronous generator (PMSG) based variable-

speed grid-connected wind power system. Among various faults in power electronics 

components, the open fault in switching devices may arise due to the destruction of switches 

by an accidental over current or the forced disconnection for protection. When the switch 

open fault occurs in the generator-side converter, the grid-side inverter as well as the 

generator-side converter does not operate normally, resulting in an increase of the current 

harmonics and a reduction in generated output and efficiency. As an effective way of the 

condition monitoring for the generation system by online basis without requiring any 

diagnostic apparatus, the estimation schemes for the generated voltage, flux linkage, and 

stator resistance are proposed in this paper and the validity of the proposed scheme is proved 

through comparative simulations.    
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1. Introduction 

Over the last ten years, there has been an increasing interest in the renewable energy 

sources because of the worldwide energy crisis created by the depletion of fossil energy and 

the greenhouse gas emission limit. Among various renewable energy resources connected to 

the grid, wind power generation is recognized as the most competitive and economic one, 

which leads to a rapid growth in the global wind power generation capacity [1-3]. 

While the early technology in a wind turbine is based on constant-speed squirrel-cage 

induction generator (SCIG) directly connected to the grid, a variable-speed technology with 

high efficiency and reduced mechanical stress has been developed recently. In the variable-

speed drive, a back-to-back converter composed of a three-phase converter and a grid-

connected inverter is located between the generator and grid, which converts the generator 

output in variable voltage and variable frequency to the fixed voltage and frequency of the 

grid [1]. A permanent magnet synchronous generator (PMSG) using the back-to-back 

converter for a variable-speed wind power generation has the advantages of simple structure, 

high efficiency, wide operating range, and no loss in field winding. In addition, PM excitation 

allows generators to have a smaller pole pitch as compared with the conventional ones, which 

makes it possible to design a generator at rated speeds of 20–200 rpm by adopting multiple 

pole configurations [4]. This eliminates the need for the gearbox which is the main cause of 
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noise and decrease in reliability, and permits a direct drive mechanism coupled to the grid. 

Thus, many researchers have been focusing on PMSG-based variable-speed grid-connected 

wind power generation systems. Recent studies on wind power generation systems aim to 

combine power converters with the control theory in the fields of a maximum power point 

tracking (MPPT), a pitch control, a grid connection, and a compliant operation with the grid 

code [5].  

Whereas a stand-alone wind power generation was often used or small wind power was 

connected to the grid in the past, the level of wind energy penetration in the electrical power 

systems has been increased recently because the wind power equipment is being produced on 

much larger scale. Therefore, the issue of improving the stability in the utility grid operation 

through the improvement of the reliability and efficiency in the wind power generation 

system has become a major concern. For this purpose, an advanced maintenance scheme 

based on a fault diagnosis and condition monitoring has been reported for the next-generation 

wind power generation system [6-8]. Considering that the recent large-scale wind power 

systems have been built in off shore or remote locations, leading to considerable times and 

costs for maintenance or repair, this issue will become more important.  

In general, the fault diagnosis and remedial strategy can be dealt with according to five 

procedures, these are, the condition monitoring, fault diagnosis, fault-tolerant operation, fault 

prediction, and fault avoidance. In early stage of a certain fault, the system may still operate. 

If left undetected, however, such a fault may easily be propagated to adjacent system, leading 

to another fault. To minimize the repair cost by detecting the fault at the initial stage, the 

correct condition monitoring and fault diagnosis scheme play a more important role. Recently, 

the analytic result for the average fault rate in a wind power generation system has been 

presented in detail [9]. According to this work, the bearing, generator, rotor eccentricity, and 

electrical components are the main cause of the fault. Among the faults in electrical 

components, 50% of the faults occur in the power converter such as back-to-back converters, 

and the other 50% in the remaining components. The faults in electrical components are 

increasing steadily as the use of full power converters grows. 

Recently, to realize a fault-tolerant operation, a modular power electronic converter has 

been proposed as the grid interface of a large direct-drive wind turbine generator. In this work, 

each converter module is connected to isolated generator coils to provide a tolerance to a 

module converter or generator coil [10]. A condition monitoring system based on sensor 

networks using a vibrating sensor or an acceleration sensor has been developed [6]. Even 

though such a system mainly focuses on the condition monitoring for the drive train 

parameters such as the turbine mass imbalance, shaft defect, and bearing damage, a diagnosis 

and remedial strategy for internal faults in the generator and the power electronic converter 

are not sufficient. 

While fault diagnosis schemes for a PMSG or inverter as a single unit have been studied 

partly [11-14], those under the direct connection to the wind turbine are not sufficient. Thus, 

on-line basis fault diagnosis schemes that the controller can detect a fault during the operation 

without any additional diagnostic equipment such as sensor networks are much required for 

the wind power generation system. Since variable-speed wind turbines often undergo a severe 

mechanical and environmental stress, a minor fault may be continuously propagated and 

magnified to adjacent system. Whereas considerable costs are required to restore the system 

in an extreme situation, the loss for rehabilitation can be minimized if a fault is detected at an 

initial stage of failure. 

In this paper, a performance investigation and condition monitoring scheme for a 

PMSG-based variable-speed grid-connected wind power system are presented through an 

integrated simulation research when an open fault occurs in switching devices. Among 
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various cause of faults in power electronic converters, the failure in switching devices is due 

to the damage caused by over-current or the forced disconnection by protection circuits. If the 

fault in the switching devices occurs in the generator-side converter, the three-phase voltages 

calculated in the controller cannot be synthesized accurately in the converter, which increases 

harmonic components in current and decreases the generated power. To detect such faults and 

monitor the normal operation of system, three types of observer schemes for parameters are 

proposed, where the no-load generated voltage, flux linkage, and stator resistance of the 

PMSG are estimated using the observer or adaptive control methods. To verify that 

monitoring these parameters are effective to detect the open fault in the switching devices of 

the power electronic converter, integrated simulation results are presented. 

 

2. Modeling of Wind Power Generation System 

The overall configuration for the wind power generation system employing a back-

to-back converter and PMSG is shown in Figure 1. The kinetic energy of the wind 

produces a mechanical torque with the blade of a wind turbine, which is converted into 

the electric energy through the PMSG and back-to-back converter and then supplied to 

the grid. The generator-side converter controls the speed of the generator to draw the 

maximum output power from the wind turbine and the grid-side inverter controls the 

frequency and active/reactive powers for the grid connection. 
 

 

Figure 1. Configuration of the grid-connected wind power generation system 
 

The blade is used for converting the kinetic energy of the wind to the mechanical 

rotational energy. When the wind with velocity windV  [ sm / ] passes through the wind 

turbine with a rotor radius bR  [ m ], the wind power is expressed as  

35.0 windwind VAP   [W ] (1) 

where 2
bRA   is the cross sectional area of the rotor blade [ 2m ] and   is the air 

density [ 3/ mkg ]. The power converted by a wind turbine from windP  can be expressed 

as 

),(5.0 3  pwindb CVAP  [W ] (2) 
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where pC  is the power coefficient of the turbine,   is the pitch angle, and   is the tip 

speed ratio (TSR). The power coefficient pC is usually given as a function of the   as 

well as  . The TSR   is given by 

windbb VR /  (3) 

where b  is the rotational angular speed of the wind turbine. The power coefficient pC  

represents the power conversion efficiency of the wind turbine and is expressed as 

follows [15]: 

6)( 54321
cx

p ecccccC


 . (4) 

In general, the power coefficient pC  has a maximum value of maxpC  when the TSR 

  is maintained at opt . When the power coefficient is maxpC , the power captured by 

the wind turbine becomes maximum and expressed as 

3
max

3
maxmax )/(5.05.0  bbpwindpb RCAVCAP . (5) 

The power captured by the wind turbine is delivered to a PMSG as a torque and the 

torque bT  delivered to the PMSG can be expressed as bbb PT  / . 

 

3. PMSG-based variable-speed grid-connected Wind Power Systems 

In the synchronous reference frame, the stator voltage equations of the PMSG are 

expressed as follows [16]: 

qemdemdrqemqsqem viLipLRe  )(  (6) 

demqemqrdemdsdem viLipLRe  )(  (7) 

where subscript “m” denotes the variables in the generator and generator-side converter, 

qemv  and demv  are the q-axis and d-axis stator voltages, respectively, qemi  and demi  are 

the q-axis and d-axis stator currents, respectively, sR  is the stator resistance, qL  and dL  

are the q-axis and d-axis inductances, respectively, r  is the electrical angular velocity 

of the generator, and p  is a differential operator. If the generated voltage is aligned to 

the q-axis in the synchronous reference frame, mrqeme   and 0deme  where m  

represents the flux linkage established by the permanent magnet. When the increasing 

ratio of the gear is N , the torque delivered to the PMSG by the wind turbine is 

NTT bm / , and the electromagnetic torque of the PMSG is represented as  

emmm TBpJT   (8) 

])[(5.1 qemmqemdemqdpe iiiLLnT   (9) 
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where J  is the total equivalent inertia of the wind turbine and generator, B  is the 

friction coefficient, pn  is the number of  the generator pole pairs, m  is the mechanical 

angular velocity of the generator expressed as prbm nN / . 

For a given wind speed and pitch angle, there is an optimal TSR opt  under which 

pC  is maximum. For the maximum power extraction from the wind, the generator-side 

converter is controlled in order to ensure that TSR is maintained at opt , and thus, pC  

becomes maxpC  [1]. When TSR is controlled to opt , the maximum mechanical power 

and torque delivered to the PMSG are obtained from (5) as follows: 

3
max bbb KP   (10) 

2
max bbb KT   (11) 

where 3
max )/(5.0 optbpb RCAK  . From (11), the q-axis current reference of the PMSG 

can be determined as 

)/(/ maxmax
*

tbtmqem NKTKTi   (12) 

where the symbol “*” denotes the reference quantity and mpt nK  5.1  is the torque 

constant of the PMSG. The speed and torque controls of the PMSG are achieved 

through a current control of the generator-side converter. The current controller is 

accomplished on the synchronous reference frame using the q-axis current reference in 

(12) and the d-axis current reference 0* demi  for unity power factor. With the PI 

decoupling control, the voltage references are calculated as follows: 

qemdemdrqemqemimpmqem eiLiiskkv  ))(/( **
 (13) 

qemqrdemdemimpmdem iLiiskkv  ))(/( **
 (14) 

where pmk  and imk  represent the proportional and integral gains, respectively, and s  is 

the Laplace operator. In the generator-side converter, the q-axis and d-axis components 

of the current control the generator torque and power factor, respectively, and the 

computed voltage references are applied with the space vector PWM technique [17]. 

In a variable-speed wind power generation system using the back-to-back converter, 

the grid-side inverter delivers the generated power to the grid with unity power factor 

by controlling the inverter output current in phase with the grid voltage. When the input 

power to the DC link becomes larger than the output power to grid, the DC link voltage 

is increased, and in the opposite case, the DC link voltage is decreased. By controlling 

the DC link voltage constantly, the grid-side inverter can deliver the power from the 

generator-side converter to the grid [3]. The active and reactive powers to the grid are 

determined as  

)(5.1 degdegqegqeg ieieP   (15) 
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)(5.1 qegdegdegqeg ieieQ   (16) 

where subscript “g” represents the variables in the grid and grid-side inverter, qege  and 

dege  are the q-axis and d-axis grid voltages, respectively, and qegi  and degi  are the q-axis 

and d-axis currents, respectively. Since degi  is normally controlled to zero for the 

reactive power of zero, the active power becomes qegEiP 5.1  with Eeqeg   and 

0dege . The grid-side inverter consists of an outer-loop voltage controller to control 

the DC link voltage and an inner-loop current controller. Using the PI control, the 

voltage controller can be expressed as 

))(/( **
DCDCivpvqeg VVskki   (17) 

where DCV  is the DC link voltage. With (17) and the current reference of 0* degi , the 

current controller is achieved using the PI decoupling control on the synchronous 

reference frame as follows: 

qegdegseqegqegigpgqeg eiLiiskkv  ))(/( **
 (18) 

degqegsedegdegigpgdeg eiLiiskkv  ))(/( **
 (19) 

where e  is the angular velocity of the grid voltage. 

 

4. Fault Model and Condition Monitoring of PMSG-based Variable-speed 

Wind Power Systems 

When an open fault occurs in switching devices, it is difficult to obtain the converter 

input voltage with the phase voltage model or the conventional dq model since three-

phase balanced condition does not hold. Therefore, to analyze influences under such a 

fault condition, a model based on the line-to-line voltage has to be used. Figure 2 shows 

the PMSG and three-phase PWM converter. The pole voltages aov , bov , and cov  are 

defined as the terminal voltages of the PMSG with respect to DC link ground “o” of 

converter. The a-phase pole voltage is determined according to the conduction state of 

switch or diode as 

DCao Vv   for aT  or aD  on  

0aov     for aT  or aD  on  

The phase voltages asmv , bsmv , and csmv  are defined as the terminal voltages with 

respect to the neutral point “s” of the PMSG. The relation for the line voltage, phase 

voltage, and pole voltage are expressed as follows: 

boaobsmasmab vvvvv   (20) 

cobocsmbsmbc vvvvv   (21) 
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aocoasmcsmca vvvvv   (22) 

Since three-phase balanced condition holds under the normal operating condition, the 

phase voltages of the PMSG can be easily obtained from the pole voltages according to 

switching states. However, it does not hold any longer under the open fault in switching 

devices, making it difficult to obtain the phase voltage inputs of the PMSG. Thus, to 

obtain a fault model that can be simply used for the simulation, line-to line voltages 

should be used. Using (20)-(22), the PMSG model under the normal operating condition 

without a fault can be expressed as follows [16]: 

 

 

Figure 2. PMSG and three-phase PWM converter 

 

bsmasm iMLpiMLp )()(  bsmsasmsbsmasmab iRiReev   (23) 

bsmasm iMLpiMLp )(2)(  bsmsasmscsmbsmbc iRiReev 2 . (24) 

where sR  is the stator resistance, L  is the self inductance, M  is the mutual inductance, 

asmi , bsmi , and csmi  are the phase currents, respectively, asme , bsme , and csme  are the three-

phase generated voltages of the PMSG.  

To derive a fault model caused by the failure in the three-phase converter of a wind 

power system, the case that both the switches in one converter leg have the open fault is 

considered first. When the open fault arises in aT  and aT  in Figure 2 at the same time, 

a-phase winding of the generator is completely separated from the converter and cannot 

supply power to the DC link. This fault may arise when the entire switch is destructed 

by an accidental over current, or a fuse connected for short protection is blown out. In 

this case, a-phase current is maintained to zero, and the generated power is delivered to 

the DC link only through the other two phases. In three-phase Y-connection with 

0asmi , 0 csmbsm ii  and csmbsm ii    are obtained. Furthermore, asmasm ev   is given. 

Since the phase current having open fault is kept to zero, the differential equation can 

be established by using the other two phases. While the order of the state equations is 

two under the normal condition, it is reduced to one under this condition. From the 

phase voltage bsmv  and csmv , the line-to-line voltage model under the open fault in aT  

and aT  is obtained as  

csmbsmbsmsbsmbc eeiRiMLpv  2)(2  (25) 
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With (25), the fault model and response characteristics can be obtained when the 

open fault occurs in the entire arm switch in a-phase. Table 1 shows the voltage model 

when the open fault arises in the entire switch of one leg in the three-phase converter. 

Next, the case when one out of six switches in the three-phase converter of Figure 2 

has the open fault is considered. Figure 3 shows the switching pattern in the 

symmetrical space vector PWM. When the open fault arises in a-phase upper switch 

aT , it is impossible to produce the voltage vectors 1V , 3V , 5V , and 7V  in Figure 3 

exactly because they need the conduction of aT . Since such active vectors have to be 

used in sectors 1, 2, 5, and 6, the converter cannot synthesize the average voltages equal 

to reference in these sectors. Although sectors 3 and 4 do not require the conduction of 

aT , the zero vector 7V  as shown in Figure 3 cannot be generated. In case of the open 

fault only in aT , the pole voltage aov  is explicitly determined as 0aov  due to the 

conduction of aT  in the vectors 0V , 2V , 4V  and 6V . In the vectors 1V , 3V , 5V , and 7V , 

however, aov  has an instantaneous transient voltage caused by bov , bsmv , and asmv , and 

becomes zero at steady-state. 

 

Table 1. Voltage model under the open fault in entire switch of one 
converter arm 

Faulty phase Voltage model 

a-phase 
0asmi , asmasm ev  , 0 csmbsm ii , csmbsm ii    

csmbsmbsmsbsmbc eeiRiMLpv  2)(2  

b-phase 
0bsmi , bsmbsm ev  , 0 csmasm ii , csmasm ii    

asmcsmcsmscsmca eeiRiMLpv  2)(2  

c-phase 
0csmi , csmcsm ev  , 0 bsmasm ii , bsmasm ii    

bsmasmasmsasmab eeiRiMLpv  2)(2  

 

     

Figure 3. Switching pattern in the symmetrical space vector PWM 
 

When the switch open fault happens in the three-phase converter in a variable-speed 

wind power system based on the PMSG and back-to-back converter, it will not be able 

to control TSR in order to maintain the power coefficient of the turbine at the 

maximum. As a result, the maximum generated power as well as unity power factor 

cannot be obtained through current control. Thus, an exact fault detecting or condition 
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monitoring technique that can detect a failure in the generation system is demanded to 

improve the reliability and efficiency.  

In this paper, three parameter observation schemes that can detect a switch open fault 

in the three-phase converter as well as monitor a normal operation is proposed. 

Considering that the three-phase converter is often operated with the PMSG, the no-

load generated voltage, flux linkage, and stator resistance of the PMSG are estimated 

through the observer or adaptation schemes. It is proved that monitoring these 

parameters can be effectively used to detect a switch open fault in three-phase 

converter. 

The q-axis no-load generated voltage of the PMSG mrqeme   is estimated using a 

disturbance observer theory. Although qeme  in (6) is not a state variable, the 

conventional observer can be easily extended to estimate qeme . With the assumption that 

the observer has much faster dynamics than the time variation of qeme , 0qeme  holds 

during each sampling intervals of current control [18]. Using this assumption and (6), 

the state equation can be obtained as follows: 
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Because this system is observable, full states in (26) can be completely observed. To 

reduce the computational load, a reduced-order observer can be used to estimate qemê . 

As another method of a condition monitoring or detection for the switch open fault, 

the estimation of flux linkage can be used. Similarly, when the disturbance observer has 

sufficiently faster dynamics than the time variation of m , 0m
  also holds during 

each sampling intervals. From mrqeme   and (6), the state equation is given as  








 



























 










 0

)/(

0

/1

00

// demqdr

qem

q

m

qemqrqs

m

qem iLL
v

LiLLRi
p . (27) 

Since (27) is completely observable, the estimate of flux linkage m̂  can be obtained 

through a reduced-order observer. 

For the failure detection and condition monitoring in the three-phase converter, the 

stator resistance of the PMSG can be used. The stator resistance is estimated using the 

hyperstability concept of the model reference adaptive control (MRAC) scheme [19]. 

From (6) and (7), the state equation can be obtained as follows: 

dBvAii sss p  
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(28) 

The full-order observer which estimates the full states in (28) is expressed as 

)ˆ(ˆˆˆ
sssss iiGdBviAi p . (29) 
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where 
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2221

1211

gg
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G  

and “  ” denotes the estimated quantities. If the error between the current and its 

estimate is defined as ss iie ˆ , the error dynamic equation can be obtained by 

subtracting (29) from (28) as follows: 

WeGAe  )(  (30) 

where ss iBiAAW ˆˆ)ˆ( sR  and sss RRR ˆ . From (30), the adaptation 

mechanism can be defined as  

)0(ˆ),(ˆ
2

0
1 s

t

s RdteR    (31) 

where 1  and 2  are the adaptation mechanisms for sR  estimation and )0(ˆ
sR  denotes 

the initial estimate. A design problem for an adaptive control for the asymptotic 

stability is summarized as [19] 

1. Determine 1  and 2  to ensure 0)(lim 


t
t

e  for initial conditions )0(e  and )0(sR   

2.  Find the adaptation rule which lead to ss
t

RR 


ˆlim . 

This system is asymptotically stable if the matrix )( GA  is strictly positive real and 

W  satisfies the Popov’s integral inequalities. This is satisfied by selecting the 

adaptation mechanism of sR  as   

)0(ˆ)ˆ()/(ˆ
sIRPRs RskkR  s

T
iBe  (32) 

where PRk  and IRk  are the proportional and integral gains for sR  estimation. 
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Figure 4. Simulation configuration of a PMSG-based wind power system 
 

5. Simulation result 

In this section, we analyze the response characteristics under the open fault in 

switching devices through the integrated simulation studies of the PMSG-based 

variable-speed grid-connected wind power system. In addition, it is proved by 

comparative simulations that the estimation of three parameters can be used effectively 

for a fault diagnosis and condition monitoring. 

The entire simulation is done by using the PSIM software and the main controller is 

implemented with the PSIM DLL block. Figure 4 shows the integrated simulation 

structure for a PMSG-based variable speed grid-connected wind power system. The 

overall system consists of a wind turbine, a PMSG, a generator-side converter, a grid-

side inverter, and DLL blocks for the controller implementation. For a current control 

in the converter and inverter, the synchronous frame PI decoupling control is used with 

the sampling period of 100 μsec. To apply the computed reference voltages to the 

generator-side converter as well as to the grid-side inverter, the symmetrical space 

vector PWM technique is employed. For a wind turbine model, the PSIM model block 

with max,pC = 0.49 at opt = 8.18 is used in the simulation. The simulation was 

performed using real parameter values except for the turbine inertia, which was set 

relatively low in order to reduce the calculation time and to observe the transient state. 

The parameters of the wind turbine and PMSG are listed in Table 2.  

 

Table 2. Parameters of a wind turbine blade and PMSG 

Wind turbine 

Rated power 5 kW 

Rated wind speed 9.5 m/sec 

Rated speed 300 rpm 

Blade radius 2.5 m 

PMSG 

Rated power 5 kW 

Rated speed 300 rpm 

Number of poles 24 

Flux linkage 0.36 Wb 

Stator resistance 0.64 Ω 

Stator inductance 0.82 mH 
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Figure 5 shows the simulation results for the wind power generation system under the 

normal operating conditions. While the operation of the generator-side converter starts 

at 0t , the operation of the grid-side inverter does at 0.05 sec. The first figure in 

Figure 5 shows a-phase generator voltage asmv  and current asmi  in the generator-side 

converter. It is clearly shown that the phase current is close to sinusoidal and in phase 

with voltage to provide unity power factor. The second figure shows a-phase grid 

voltage asge  and current asgi  controlled by the grid-side inverter. It is confirmed that the 

grid output current is sinusoidal and in phase with the grid voltage, which delivers the 

power to the grid with unity power factor. The third figure shows the DC link voltage 

reference *
DCV  and DC link voltage DCV . To show that the current control is 

accomplished effectively, the fourth figure shows the q-axis current reference *
qegi , q-

axis current qegi , d-axis current degi , and a-phase current asgi  in the grid-side inverter. 

The fifth through seventh figures show the input power inW  and output power outW  of 

the back-to-back converter, respectively, the torque mT  supplied to PMSG from the 

wind turbine, and TSR  . It can be confirmed that the output power is 4 kW and the 

TSR is controlled to opt  of 8.18. 

 

 
 

    
 

     
 

 

Figure 5. Simulation results under the normal operating conditions 
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Figure 6 shows the simulation results for the condition monitoring when a-phase 

upper switch aT  in the generator-side three-phase converter has an open fault at 0.2 

sec. The normal operation is changed to abnormally at 0.2 sec. In this case, only the 

positive a-phase current can flow from the generator to the three-phase converter. 

Three-phase currents cannot maintain balanced condition even under the open fault in 

one switch, and the other phase currents unrelated to the fault are not controlled. Also, 

a-phase generator voltage waveform is deteriorated, which affects the control quality in 

the DC link voltage. The DC link voltage control characteristics affect the control 

performance in the q-axis and d-axis current control of the grid-side inverter which is 

irrespective of fault. This eventually results in the decrease in power factor and grid 

output power. The estimation of the no-load generated voltage qeme , flux linkage m , 

and stator resistance sR  of the PMSG starts at 0.1 sec. Whereas the estimates of all the 

parameters reach the nominal values within 0.01 sec under the normal condition without 

a switch open fault, they show unusual vibrating characteristics as soon as the switch 

open fault occurs. From these results, it can be confirmed that monitoring theses 

parameters can be used effectively to detect an abnormal system operation. 

 

 

 
 

 
 

 

Figure 6. Simulation results and condition monitoring under Ta+ switch open 
fault in the generator-side three-phase converter 
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Figure 7. Simulation results and condition monitoring under the entire switch 
open fault in a-phase of the generator-side three-phase converter 

 

Figure 7 shows the simulation results for the condition monitoring when an open 

fault occurs at 0.2 sec in entire a-phase switch of the generator-side three-phase 

converter. The system operation is changed abnormally from 0.2 sec. Even in the other 

phases unrelated to the fault, the PMSG and converter cannot be operated with unity 

power factor, which affects the control of the DC link voltage as well as grid-side 

inverter, eventually causing the performance degradation in the wind power generation. 

It can be seen that the estimated values of qeme , m , and sR  show an abnormal 

vibration under the open fault in the switch while they converge quickly to their actual 

values under the normal condition. From these results, it is confirmed that the active 

and reactive power control as well as the maximum power generation cannot be 

achieved in the presence of an open fault even in a single switch and the proposed 

condition monitoring schemes can be effectively used to detect an abnormal operation. 

 

6. Conclusions 

To analyze influences caused by the open fault in switching devices in a wind power 

generation system employing a back-to-back converter and PMSG, a fault model as 

well as a condition monitoring scheme useful for a performance assessment has been 

presented through an integrated simulation. Among the various cause of switch faults in 

power electronic converters, the open fault in one switch or entire switch in one 

converter leg on the generator-side converter was considered. This failure may arise due 

to the damage caused by over-current or the forced disconnection by protection circuits. 

If the open fault in the switching devices occurs in the generator-side converter, the 

three-phase voltage references calculated in the controller cannot be synthesized 

accurately in the converter, which causes an increase in the current harmonic 

components as well as the decrease in the generated power. This introduces the 
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increased harmonics in the grid-side inverter and reduced output power to the grid. In 

this paper, as an effective way to improve the reliability of the generation system and 

detect the faults in system with an online basis without any additional equipment, a 

monitoring scheme for three types of parameters has been proposed, where the no-load 

generated voltage, flux linkage, and stator resistance of the PMSG are estimated using 

the observer or adaptive control methods. The effectiveness of the proposed condition 

monitoring schemes has been verified through the integrated simulation research. 
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