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Abstract: A new configuration is proposed that combines the operation of DFIG based WECS 

and SST. This configuration acts as an interface between the wind turbine and grid while 

eliminating the GSC of DFIG. Moreover, it is essential to have fault ride through (FRT) 

incorporated in DFIG system to meet the grid code requirements. In the proposed work, the 

developed configuration allows DFIG to ride through faults seamlessly, which is the aspect 

(FRT) that has not been addressed in the earlier work on SST interfaced WECS. The solid-state 

transformer (SST) achieves voltage conversion through a series of power electronics devices 

while offering multiple advantages, such as, smaller size, improved power quality and fault 

tolerant features. 

 

Index Terms: Doubly fed induction generator, fault ride through, power electronic 

transformer, solid-state transformer. 

 

1. INTRODUCTION 

In recent years, the complexity of the electrical grid has grown due to the increased use of 

renewable energy and other distributed generation sources. To adapt to this multifaceted nature, 

new advances are required for better control and a more dependable activity of the lattice. One 

of such innovations is the solid state transformer (SST). The SST innovation is very new and 

in this manner the information on the conduct of these frameworks in the network is somewhat 

constrained. Keeping in mind the end goal to acquire knowledge into the workings of this 

gadget, this exploration will center around building up a numerical model alongside a control 

plot which can be utilized for reenacting the SST and its conduct in the network. In the present 

power lattices, vitality is produced in extensive power stations and transmitted over high 

voltage lines. This vitality is then conveyed to shoppers by means of medium and low-voltage 

lines. In these lattice designs, the power stream goes just one way: from focal power stations 

to shoppers. Lately, numerous European nations have begun to change their power showcase. 

This advancement carried with it an expanded infiltration of sustainable power source and other 

disseminated age sources in the network. These improvements cause the system design and 

activity to wind up substantially more unpredictable. With a specific end goal to better oversee 

future lattices, once in a while likewise called brilliant frameworks, new innovations are 

required that permit better control, an expanded number of intensity sources of info and bi-

directional power stream. A key empowering influence for brilliant lattices is the strong state 

transformer. The SST offers approaches to control the directing of power and gives adaptable 

techniques to interfacing circulated age with the lattice. The strong state transformer likewise 

takes into account control of the power stream, which is expected to guarantee a steady and 

secure task of the framework. Be that as it may, this comes at the cost of a more unpredictable 
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and costly framework. A run of the mill SST comprises of an AC/DC rectifier, a DC/DC 

converter with high-recurrence transformer and a DC/AC inverter. One of the elements of a 

SST is like that of a conventional line frequency transformer (LFT), in particular expanding or 

diminishing the voltage. As of late, the expenses of intensity gadgets has diminished, and more 

dependable, low misfortune, high influence, high recurrence influence hardware have turned 

out to be accessible. The less expensive cost and the way that the strong state transformer can 

supplant certain framework segments alongside the ordinary transformer, makes the strong 

state transformer possibly monetarily plausible. This monetarily achievability joined with the 

numerous focal points of the strong state transformer influenced engineers at TNO to seek after 

further research into the advancement and utilization of these gadgets in the lattice. 

 

2. DFIG SYSTEM MODELING 

The solid-state transformer (SST) achieves voltage conversion through a series of power 

electronics devices while offering multiple advantages, such as, smaller size, improved power 

quality and fault tolerant features. Figure shows a power distribution system based on SST as 

envisioned, advances in solid-state technology have made SST more viable today leading to 

increased research in its feasibility and physical realization. A promising 10 kVA prototype 

has been developed and presented. Further, the use of high voltage silicon carbide (SiC) power 

devices for SST has been explored and presented. As seen in Figure, SST can act as an interface 

between the grid and generation sources. However, research showing detailed configurations 

for integrating existing technologies is limited. In work is reported on using SST in a microgrid 

based on renewable sources. In SST is used to interface a wind park based on squirrel cage 

induction generator (SCIG) with the grid. However, a detailed analysis on fault ride through 

requirement and reactive power support has not been conducted. 

 
Fig. 1: Expected SST integrated grid. 

 

The general DFIG based WECS representation is shown in Figure. whereas the proposed 

system configuration is shown in Fig.1. In the proposed configuration, the essential frequency 

transformer is replaced by means of the SST. The proper control of SST converter that is near 

the stator of DFIG, addressed as machine interfacing converter (MIC), can resource the system 

in its operation. Thus, it's far proposed to remove the GSC within the DFIG system 

configuration with the aid of incorporating its function in SST. Note that this new association 

modifies the overall operation and manipulate of preferred GSC-RSC based totally DFIG 

machine. In principle, the system terminal voltages may be maintained constant regardless of 

any voltage versions in the grid the usage of MIC. The route of power float within the proposed 
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configuration takes place from the low voltage gadget terminals to the grid. The MIC is 

accountable for: (i) keeping the required voltages at the stator terminals and (ii) shifting the 

actual power from the stator terminals (Ps ) to the low voltage DC bus (vldc ). This low voltage 

DC bus is regulated via the high frequency stage converters (HB1 and HB2) and now not with 

the aid of the DFIG. In other words, MIC acts as a stiff grid at the stator terminals. Interestingly, 

the low voltage DC bus (importance) may be very close to the only controlled by using GSC 

within the ordinary DFIG configuration. This permits the RSC within the proposed 

configuration to be connected without delay to vldc of SST. The vldc has two features, namely, 

(i) to transfer lively power from the stator terminals to the grid and (ii) to switch lively 

electricity (Pr ) to/from the RSC all through sub-synchronous or first rate-synchronous 

operation. The power switch through the high frequency degree, from the low voltage DC bus 

to the excessive voltage DC bus (vhdc), is controlled by introducing a section shift among the 

2 high frequency AC voltages with the objective of regulating the DC bus voltage (vldc ). The 

grid interfacing converter (GIC) connects SST to the grid and continues the DC hyperlink (vhdc 

) by means of changing energetic strength with the grid. 

 
Fig. 2. (a) Regular DFIG configuration and (b) Proposed SST based DFIG configuration. 

 

Further, the high recurrence organize keeps on keeping up the low voltage DC transport (vldc), 

permitting the voltages at the machine terminals to be consistent. The nearness of GIC 

additionally accomplishes the ongoing lattice code necessities of receptive current infusion 

without requiring any extra control or gadget. Besides, the GIC can give responsive power 

support to the network amid low breeze age periods. 

 

3. SIMULATION RESULTS 

 Fuzzy logic is a basic control system which relies on the degrees of state of the input 

and the output depends on the state of the input and rate of change of this state. In different 

words, a fuzzy common sense device works on the principle of assigning a specific output 

depending on the probability of the country of the input. Fuzzy logic works at the concept on 

deciding the output on the basis of assumptions. It works on the basis of units. Each set 

represents some linguistic variable defining the possible kingdom of the output. Each feasible 

state of the input and the stages of exchange of the country are part of the set, depending upon 

which the output is expected. It basically works on the precept of If-else-the, i.e. If A AND B 

Then Z. 
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To verify the effectiveness of the proposed configuration, detailed simulations are 

carried out. A detailed model of proposed configuration is developed using the SIMULINK 

and SimPowerSystems toolbox in MATLAB. 

 

3.1. NORMAL OPERATION 

The operation of the proposed configuration is shown under normal grid conditions in 

Fig.3. Fig. 4 a -i  shows the normal operation of proposed configuration showing dynamics of 

P and Q injection. In this scenario (between 4.9 to 5 sec), the wind turbine is operated at a 

speed of 13 m/s thus not producing peak power. Figs. 4 (a) and (b) show the grid voltages and 

currents at the output of the GIC. 

 
Fig. 3 Simulation diagram of normal operation 

 
Fig. 4 (a) Grid voltages  

 

 
Fig. 4 (b) grid currents 
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Fig. 4 (c) stator terminal voltages 

Figs. 4 (c) and (d) give the stator terminal voltages and machine currents at 0.575 kV. 

The high and low voltage DC bus voltage profiles are illustrated in Figs.4 (f) and (g), 

respectively. The wind turbines produce a total of 4.2 MW active power. Like general DFIG, 

the system delivers this wind generated active power to the grid as shown in Fig. 4 (e) through 

the SST. That is, there is no reactive power support from the GIC.  

 
Fig. 4 (d) stator currents 

 
Fig. 4 (e) active and reactive power injected by the system 

 

 
Fig. 4 (f) high voltage DC bus voltage 

Header PageInternational Journal of Scientific Research and Review

Volume 7, Issue 11, 2018

ISSN NO: 2279-543X

Page No: 64



 
Fig. 4 (g) low voltage DC bus voltage 

Fig. 4 (h) provides the controlled inner loop d-axis and q-axis currents of the GIC that 

control the active and reactive power injection into the grid, respectively. Fig. 4 (i) shows the 

rotor speed of the machine which remains constant at 1.2 p.u. 

 
Fig. 4 (h) inner loop controlled axis grid currents 

 
Fig. 4 (i) rotor speed 

 

3.2. SYMMETRICAL FAULT 

 
Fig. 5 Simulation diagram of Symmetrical Fault 

 

The performance of proposed configuration to meet FRT requirements in recent grid 

codes are discussed in this section. A severe LLL-G fault is applied at upstream grid when the 

DFIG is producing maximum power (at 15m/s). The simulation model is as shown in fig. 5 and 

its results are shown in Fig. 6(a) to (h). 
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The fault is detected by sensing the positive sequence voltage magnitude. Fig. 6(a) shows the 

grid voltages during the fault which is introduced at 3 sec and lasts for 150 ms as per the grid 

code requirement. 

 
Fig. 6 (a) Grid voltages 

 
Fig. 6 (b) grid currents 

Fig. 6 (b) shows the grid currents injected by the GIC. Figs.6(c) and (d) depict the stator 

voltage and currents of the machine, respectively. Note that the turbine does not see any change 

in the operating condition as MIC maintains the rated stator voltages despite the severe fault 

condition. 

 
Fig. 6 (c) stator terminal voltages 

 
Fig. 6 (d) stator currents 

Fig. 6(f) shows the low voltage DC bus which remains constant. Further, as seen from 

Fig. 6(g), the DC chopper evacuates the active power generated by the turbines successfully. 

Thus, in the proposed configuration, turbines seamlessly ride through the grid fault. 
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Fig. 6 (e) inner loop controlled axis grid currents 

 
Fig. 6 (f) low voltage DC bus 

On the grid side, the GIC is controlled to inject necessary reactive current to meet the grid 

codes. Fig. 6(e) shows the d and q-axis currents of the GIC, igd and igq, respectively. In pre-

fault conditions it can be seen that igd is at 1 p.u. since the wind turbine is operated at maximum 

capacity. 

 
Fig. 6 (g) high voltage DC bus voltage 

 
Fig. 6 (h) rotor speed 

Fig 6. Performance of the proposed configuration under three-phase symmetrical LLL-G 

fault. 

The q-axis current igq on the other hand is at zero as no reactive power is being injected. At 3 

sec, when the fault occurs, the fault switch (FS2) is set to position 2 and the reactive current 

reference i*gq is calculated. The GIC, thus, injects 0.9 p.u. reactive current that can be seen in 

Fig. 6(e). 
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3.3. UNSYMMETRICAL FAULT CONDITION 

Performance of the proposed configuration under three-phase unsymmetrical L-G fault 

is as in Fig 7 and its results are shown in Fig.8(a) to (h). 

 

 
Fig.7 Simulation diagram of Unsymmetrical Fault Condition 

 
Fig. 8 (a) Grid voltages 

The performance of the proposed configuration is tested under unsymmetrical faults condition 

as well. A single phase L-G fault is applied at the upstream grid when the DFIG is producing 

maximum power (15m/s). 

 
Fig. 8 (b) grid currents 

 
Fig. 8 (c) stator terminal voltages 

Fig. 8 (a) shows the grid voltages when the fault occurs at 3 sec and lasts for 150 ms. Fig. 8(b) 

shows the grid currents injected by the GIC. Note that the currents remain symmetrical despite 

the unsymmetrical fault. Figs. 8(c) and (d) show the stator voltages and currents which remain 

undisturbed as the MIC maintains rated stator voltages similar to the symmetrical case. 

Header PageInternational Journal of Scientific Research and Review

Volume 7, Issue 11, 2018

ISSN NO: 2279-543X

Page No: 68



 
Fig. 8 (d) stator currents 

 
Fig. 8 (e) inner loop controlled axis grid currents 

Fig. 8(f) shows the low voltage DC bus. Fig. 8(g) shows the chopped DC bus voltage. Note 

that during a single phase fault, active power is still being transferred to the grid and the amount 

of power evacuated through the DC chopper is lesser than the case of a severe three phase fault. 

 
Fig. 8 (f) low voltage DC bus 

 
Fig. 8 (g) high voltage DC bus voltage 

During this fault, the positive sequence voltage drops to 0.8 p.u. giving the reactive reference 

current (i*gq) as 0.4 p.u. 

 
Fig. 8 (h) rotor speed 
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3.4 SYMMETRICAL FAULT (EXTENSION) 

The performance of compared configuration to meet FRT requirements in recent grid 

codes are discussed in this section. A severe LLL-G fault is applied at upstream grid when 

the DFIG is producing maximum power. The results are shown in Fig. 10 (a) and (b). 

 
Fig. 9 Simulation diagram of Symmetrical Fault 

 

 
Fig. 10 (a) inner loop controlled axis grid currents 

 
Fig. 10 (b) high voltage DC bus voltage 

Fig 10. Performance of the compared configuration under three-phase symmetrical LLL-G 

fault 

 

3.5 UNSYMMETRICAL FAULT CONDITION (EXTENSION) 

 
Fig.11 Simulation diagram of Unsymmetrical Fault Condition 
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Fig. 12 (a) inner loop controlled axis grid currents 

 
Fig. 12 (b) high voltage DC bus voltage 

Fig.12. Performance of the compared configuration under three-phase unsymmetrical L-G 

fault. 

CONCLUSION 

 In this paper, a new system configuration that combines DFIG and SST operation has 

been proposed. This configuration replaces the regular fundamental frequency transformer 

with advanced power electronics based SST. The key features of the proposed configuration 

are outlined below: Replacement of regular fundamental frequency transformer with SST 

leading to smaller footprint. Direct interface with SST to inject active power. Elimination of 

GSC in a standard DFIG system as the active power to/from RSC is regulated by MIC. 

Simplified DFIG control as machine supports only active power. The reactive power is 

supported by GIC during both normal and fault conditions.  
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