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Abstract: This work is motivated by the issue, ‘If a 6-phase doubly fed 
induction generator (6-phase DFIG) based wind energy generation system 
(WEGS) will supply power to society in the future, then what type of MPPT 
system will be appropriate for a 6-phase DFIG-based wind energy generation 
system?’. The maximum power point tracking (MPPT) technique has been 
adopted to obtain maximum power under various operating situations using a 
machine-side converter (MSC) linked to a traditional doubly fed induction 
generator (DFIG) and solar photovoltaic cells throughout the last several 
decades. Due to several two-dimensional space harmonics, the MPPT 
technique to the MSC of 6-phase DFIG cannot be applied directly, and as a 
result 6-phase DFIG modelling is first introduced in a distinct two-dimensional 
plane. An appropriate MPPT algorithm has been developed based on the 
proposed modelling that provides the synergy between the 6-phase DFIG and 
MPPT system. In addition, the modelling of a WEGS is also covered in this 
study, along with the modelling of a 6-phase transformer, a DC link 
capacitance, and a wind turbine. Furthermore, real-time hardware-in-loop 
experimentation has been conducted to validate the efficacy of the proposed 
model. 

Keywords: 6-phase DFIG-MPPT synergy; 6-phase DFIG; machine-side 
converter; maximum power point tracking. 
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1 Introduction 

The technology is changing very rapidly, and due to the potential success of the doubly 
fed induction generator (DFIG) in wind energy generation systems (WEGS), the interest 
of the research fraternity is growing towards the six-phase doubly fed induction generator 
(6-phase DFIG)-based WEGS. Out of many commercially viable WEGS, 6-phase  
DFIG-based WEGS becomes the most desirable due to inherent fault tolerance capability 
(Marques and Iacchetti, 2019; Mishra et al., 2020). The reliability, harmonics mitigation, 
and reduction of per phase current in stator windings of 6-phase DFIG is advanced 
compared to the three-phase DFIG, and hence, the quality of power in WEGS will 
improve (Mishra and Husain, 2023; Sridhar et al., 2015). The frequency and voltage 
generated by the DFIG can fluctuate during power generation due to the erratic behaviour 
of the wind. The maximum power point tracking (MPPT)-based control strategy of  
6-phase DFIG plays a vital role in improving WEGS efficiency (Arevalo et al., 2019; 
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Yang et al., 2017). A good number of articles have been published on MPPT techniques 
for conventional DFIG, but 6-phase DFIG-MPPT Synergy has yet to be reported 
anywhere in the world as per information of Kazmi et al. (2010b). 

The DFIG-MPPT synergy is widely used due to its maximum power extraction 
capability. The pitch angle and tip speed ratio play a vital role in maximum extraction 
from WEGS. As a result, in the MPPT technique, the calibration of tip speed ratio and 
pitch angle is a critical factor. To generate most of the available power, the power 
coefficient must be optimal as well as constant while the speed of the wind turbine (WT) 
varies. The MPPT not only increases efficiency but also lowers installation costs, and 
supplies reactive power on demand (Kumar and Chatterjee, 2016; Calderaro et al., 2008). 

In the current scenario, soft computing and traditional method-based MPPT 
algorithms have been developed for WEGS. Soft computing-based MPPT algorithms 
have advantages over hardware methods, such as low cost, simple implementation, high 
performance, and high flexibility. Several authors have used soft computing technologies 
to achieve optimum power, such as fuzzy logic (Mohamed et al., 2001; Khan and 
Mathew, 2019b; Tiwari et al., 2018), neural network (Datta and Ranganathan, 2003; Li  
et al., 2005; Dahri et al., 2023), grouped grey wolf optimisation (Yang et al., 2017), and 
democratic joint operation (Yang et al., 2018). However, the soft computing method 
suffers from computational complexity, large computer memory, high processing time, 
and the professionalism required to investigate these methods at an industry level. On the 
other hand, the conventional MPPT methods are more dependent on either indirect power 
control or direct power control. The indirect power controller (IPC) method is appropriate 
for maximising power using WT power, whereas the direct power controller (DPC) 
method can directly maximise power. Tip speed ratio (Rathi and Sandhu, 2016), power 
signal feedback (Yadav et al., 2021), and optimal torque (Abdullah et al., 2012) are the 
most popular IPC-based MPPT algorithms. Furthermore, DPC-based MPPT algorithms 
include the hill climb search (HCS) algorithm (Bianchi et al., 2007), the incremental 
conductance algorithm (ICA) (Kazmi et al., 2010a), and the hybrid algorithm (Khan and 
Mathew, 2019a). Even though numerous kinds of literature on a three-phase DFIG with 
an MPPT algorithm is available, the MPPT algorithm for the specific case of 6-phase 
DFIG requires adequate proficiency. Because 6-phase machines have a large number of 
stationary spaces harmonic, the procedures used for three-phase WEGS cannot be simply 
applied to 6-phase DFIG. As a result, there is a significant research gap available for 
these applications. 

1.1 Objective 

In reality, any three-phase wound rotor induction machine can be simply converted to a 
6-phase machine without the need to cast the stator perimeter and losses due to the slip 
ring can be reduced by taking three phases of the rotor winding instead of 6-phases on the 
rotor side. 

The following research objectives are identified based on a review of the available 
literature for 6-phase DFIG modelling. 

• to develop 6-phase DFIG-MPPT synergy 

• to develop mathematical modelling of 6-phase DFIG 

• to develop an MPPT algorithm for 6-phase DFIG-based WEGS. 
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1.2 Contribution 

This paper emphasises the modelling and control of 6-phase DFIG WEGS with the 
following attributes 

• A novel dynamic modelling based on the 6-phase DFIG is proposed for better 
control of active and reactive power demand by WEGS. 

• An appropriate MPPT algorithm is designed to generate an optimal switching signal 
for 6-phase DFIG converters. 

• Rotor power of 6-phase DFIG is also recovered through an additional three-phase 
MSC followed by 6-phase GSC by utilising the proposed controller. 

Section 2 describes the modelling of WEGS, including the structure, connections, 
interface modelling of 6-phase DFIG, modelling of the WT, and modelling of a six-phase 
transformer. Section 2 also represents the MPPT and closed-loop control of 6-phase 
DFIG. Section 3 contains the results and discussion; Section 4 concludes with a future 
scope for industry and research. 

2 Modelling of WEGS 

The proposed WEGS has the capability to feed both the three-phase and six-phase grid 
systems. This WEGS system can generate electric energy by exacting the kinetic energy 
of wind using various components. The components include a 6-phase DFIG, a six-phase 
transformer (SPT), a grid side converter (GSC), and a machine side converter (MSC), as 
shown in Figure 1. 

Figure 1 The complete setup of proposed WEGS with three-phase and six-phase grid system  
(see online version for colours) 
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2.1 Modelling of 6-phase DFIG 

Figure 2 represents the schematic diagram of 6-phase DFIG-based WEGS. The rotor of 
this prototype is wound with three-phase windings, while the stator is wound with  
six-phase windings. 

Figure 2 Schematic diagram of six-phase doubly fed induction machine laboratory prototype  
(see online version for colours) 
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Furthermore, this novel machine has 72 terminals, 36 slots, six poles, and a three-phase 
split phase belt. To make a six-phase winding arrangement on the stator side, all  
72 terminals of the stator coils are mounted on a wooden plate using nuts and bolts 
outside the machine. To take advantage of the minimal power loss in slip rings, the  
three-phase rotor windings are chosen for this machine. However, the rotor windings can 
also be made six-phase for a specific application, as shown in Fig 3. The specifications of 
the 6-phase DFIG can be illustrated in Table 1. 
Table 1 Parameters of 6-phase DFIG 

Parameters Values 
Number of poles 6 
Stator and rotor voltage 415 V, 200 V 
Stator and rotor current 12 A, 12 A 
Frequency of stator magnetic field 50 Hz 
Stator and rotor resistance (rs, rr) 1.32 Ω, 1.71 Ω 
Stator and rotor leakage inductance (Lls, Llr) 6.83 mH, 43.30 mH 
Mutual inductance Lm 0.22 mH 

The stator of 6-phase DFIG is composed of two sets of star connected three-phase 
windings with 60° (electrical) phase displacement between two consecutive windings. 
One set of three-phase windings considers {as, bs, cs} and another set of three-phase 
windings are represented by {xs, ys, zs}. As a precaution against physical faults and 
significant current harmonics, the neutral points of the two three-phase sets (star 
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connection) are kept separate. The phase voltages of GSC and MSC (vjs and vjr) can be 
denoted by (1). 

and= + = +js jr
js s js jr r jr

dψ dψ
v r i v r i

dt dt
 (1) 

where rs and rr represent the stator and rotor phase resistances, respectively. ψjs and ψjr 
represent the stator and rotor flux linkage of phases js ∈ {as, bs, cs, xs, ys, zs}and  
jr ∈ {ar, br, cr} respectively. Similarly, ijs and ijr represent the stator and rotor phasor 
currents respectively. Directly controlling the instantaneous values of ijs, ijr, ψjs and ψjr are 
very difficult. Hence, this paper utilises the concept of reference frame theory (Mishra 
and Husain, 2023). For simple controllability of 6-phase DFIG, the modelling of 6-phase 
DFIG is illustrated in the dq stator reference frame. The stator reference frame-based 
voltage relations of the stator and rotor winding can be written as (2). 
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r r r
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dv i ψR
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v i ψ
 (4) 

The flux and inductance matrix of the stator and rotor coil can be written as (5). 
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ψ iL L

ψ iL
ψ iL
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ψ iL

 (5) 

The self-inductance of the stator and rotor winding can be defined as Ls = Lls + Lm and  
Lr = Llr + Lm, respectively, whereas Lm represents the mutual inductance of 6-phase DFIG. 
Lls and Llr represent the leakage inductances of the stator and rotor winding, respectively. 
The active power (Ps), reactive power (Qs) and torque (Tem) developed by 6-phase DFIG 
can be represented as (6). 
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m
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L

 (6) 

where P represents the number of poles of 6-phase DFIG. 

Figure 3 Connection interface between stator and rotor winding (see online version for colours) 

 

 

2.2 Modelling of six-phase transformer 

Despite the fact that the 6-phase DFIG is capable of the feeding of a six-phase 
transmission line, the three-phase grid system is so popular in the present day and hence a 
six-phase transformer can be utilised to feed electric power to the conventional grid. The 
diagram of the six-phase transformer is shown in Figure 4(a). An illustration depicts the 
connection diagrams of six phases at the top and the three-phase connections at the 
bottom. The input and output voltage equations of a six-phase transformer can be 
expressed as (7). 
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Equation (8) represents the phase transformation relations between the input and output 
voltages of six-phase transformer. 

2.3 Generation of switching signal 

Two level voltage source inverters (VSI) are used for both MSC and GSC in the 
proposed WEGS. 

The GSC generates 64 (i.e., 26) switching signal, while the MSC generates only 8 
(i.e., 23) switching signals. Generally, an m-level n-phase inverter has m × n space 
vectors. The GSC accommodates four null vectors and 60 active vectors, while the MSC 
utilises two null vectors and six active vectors. In 60 GSC active vectors, 12 are the 
redundant vectors, which lie along the large vectors. The terminals of inverter leg pole 
points for six phases and three phases are denoted by jsi ∈ {ai, bi, ci, xi, yi, zi} and  
jri ∈ {ai, bi, ci}, respectively. Moreover, the output phases of the stator and rotor side 
windings of by 6-phase DFIG are denoted by js ∈ {as, bs, cs, xs, ys, zs}and jr ∈ {ar, br, 
cr}, respectively. The switching frequencies of MSC and GSC are taken as 5 kHz while 
maintaining the controller sampling frequency of 100 kHz. The phase voltage at the stator 
of GSC and rotor side of MSC can be realised by (9) and (10), respectively. 

( )5 1
6 6

−= −jsi jsi jsi jsiv v v v  (9) 

( )2 1
3 3

−= −jri jri jri jriv v v v  (10) 

The grid side switching states are denoted by Sjs, ∀j ∈ {a, x, b, y, c, z}, and the condition 
for gate signal generation is illustrated by Figures 4(b) and 4(c) and machine side 
switching states are denoted by Skr, ∀k ∈ {a, b, c}. The GSC and MSC switching states 
can be written by equations (11) and (12), respectively. 

( ){ }5
6

−= − dc
js js js js

vv S S S  (11) 

( ){ }2
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−= − dc
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Figure 4 (a) Six-phase transformer connection circuit diagram (b) Representation of switching 
signal with d1-q1 axis (c) Representation of switching signal with d2-q2 axis (see online 
version for colours) 
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Figure 5 Performance of wind turbine, (a) Cp – λ characteristics of a wind turbine at different 
pitch angles (b) maximum value of Cp – λ characteristics at 0 pitch angle (c) maximum 
value of Ct – λ characteristics at 0 pitch angle (see online version for colours) 
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2.4 Modelling of aerodynamic system 

A 6-phase DFIG rotor is powered by the gearbox, which in turn is powered by the blades 
of a WT turbine. By extracting the energy from moving wind, the kinetic energy 
developed by the wind can be estimated as (13) (Abad et al., 2011; Koutroulis and 
Kalaitzakis, 2006; Mishra and Husain, 2019). 

( )2 31
2

=wind t tP ρπR v  (13) 

The actual turbine power received from the kinetic energy of wind is only 59.3%. Hence, 
only 30 to 40% of kinetic energy can be converted into electrical energy through 6-phase 
DFIG-based WEGS. The tip speed ratio of WT can be further defined as (14). 

( )
( )

3

3

1 ( 0.8 )
1 0.35( 0.08 )

+ +
=

+ − +
i

λ
λ

λ β
β β

β
 

Here .= ωRλ
v

 The complete aerodynamic model of the WT depends on the power 

coefficient Cp (λ, β), and it is an algebraic function of β and λ. 
The equation of power and torque coefficient (Mishra and Husain, 2019) can be 

written as (15). 

5 6
1 2

1 3 1 4( , )

( , )
( , )

+
= − −

=

i i

a a
λ λp

i

p
t

i

a aC λ a a a a e
λ

C λ
C λ

λ

β β

β
β

 (15) 

where a1 = 0.5176, a2 = 116, a3 = 0.6, a4 = 5, a5 = –21 and a6 = 0.0068 are the 
coefficients of Cp(λ, β). 
Table 2 Parameters of 6-phase DFIG 

Parameters Values 
Rated power 5 kW 
Rotor radius 3.2 m 
Swept area 32.17 m 
Air density 1.225 
Cut in speed <3 m/sec 
Cut out speed >25 m/sec 
Survivable wind speed 50 m/sec 

Figure 5 represents the performance of the wind turbine. Based on equation (15), the 
power coefficient versus tip speed ratio curves at different pitch angles and speed are 
shown in Figure 5(a). Figure 5(b) represents the maximum value of power coefficient 
Cp(λ, β) characteristics at 0 pitch angle, and the maximum value of torque coefficient 
Ct(λ, β) characteristics at 0 pitch angle can be represented by Figure 5(c). The relation 
between WT power (mechanical) and power coefficient can be calculated by (16). 
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2 3 ( , )
2m p
πP ρR v C λ= β  (16) 

The parameters of WT aerodynamics can be illustrated by Table 2. 

2.5 Maximum power point tracking algorithm 

Usually, the MPPT control technique produces better results in low wind speed mode, 
while the pitch angle control technique produces better results in synchronous speed 
mode. However, due to the unpredictable nature of wind, obtaining MPPT at a fixed 
speed is difficult. This led to the development of a variable frequency WT. It is essential 
to ensure that the WT is controlled to provide the maximum power output to maintain the 
monotonic nature of MPPT. The DPC-based MPPT technique is illustrated in Arevalo  
et al. (2019) to generate per-phase electrical power for lossless 6-phase DFIG and can be 
represented by Pj = vasias. Furthermore, the mechanical power for lossless 6-phase DFIG 
can be written as Pm = ωmTm. The relation between mechanical speed (ωm) and electrical 
speed (ωe) can be written as (17) 

as as
m

m

v iω
T

=  (17) 

Now, the per-phase electrical power can be modified as (18) using fundamental 
electromechanical relations and the maximum power can be achieved by solving (19) 

f e
j as as a f e

a

ki ω
P v i v kI ω

R
= = −  (18) 

0jdP
dt

=  (19) 

A change in the DC bus voltage (vdc) proportionately changes the per-phase voltage of the 
6-phase DFIG. The DC link in this configuration attempts to maintain a constant voltage 
in its terminals and regulate the WT power, which acts as a bridge between the MSC and 
GSC. To provide an active power flow, vdc must always be higher than the peak grid 
voltage. The dynamics of the DC-link capacitor Cdc can be calculated as (20), which can 
be utilised to regulate vdc. 

dc
dc s r

dvCv P P
dt

= +  (20) 

For tracking the maximum power points, the mechanical power of WT can be given by 
(21). 

m m a e

r dc e r

dP dP dv dω
dω dv dω dω

=  (21) 

By using (21), the optimum power point can be achieved. When 0m

r

dP
dω

=  and 0.m

dc
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It can be observed that the maximum mechanical power does not depend on the 
environmental conditions like wind direction and speed. The flow chart of the MPPT 
algorithm is depicted in Figure 6. The description of the DPC-based MPPT technique is 
arranged as follows: 

Step 1 Set an arbitrary DC side reference voltage Vref for initialisation of the maximum 
power search method. 

Step 2 Measure DC voltage vdc and current idc at MSC DC-side terminals and calculate 
electric power. 

Step 3 Increase reference voltage Vdc using Vref(k) = Vref(k – 1) + ΔVdc. 

Step 4 Calculate DC power using P(k) = Idc(k)Vdc(k). 

Step 5 At any wind speed, the four conditions must be met for searching maximum 
power. 

Step 6 P(K) ≥ P(K – 1) and Vdc(k) ≥ Vdc(k – 1) then increase Vref(k) by ΔVdc. 

Step 7 P(K) ≥ P(K – 1) and Vdc(k) < Vdc(k – 1) then decrease Vref(k) by ΔVdc. 

Step 8 P(K) < P(K – 1) and Vdc(k) ≥ Vdc(k – 1) then decrease Vref(k) by ΔVdc. 

Step 9 P(K) < P(K – 1) and Vdc(k) < Vdc(k – 1) then increase Vref(k) by ΔVdc. 

The MPPT characteristics of wind turbine power at three different wind speed V1, V2, V3 
are shown in Figure 7. Moreover, the MPPT algorithm (as given in Figure 6) is used for 
getting the trajectory as indicated by the arrows in Figure 7. 

Figure 6 MPPT algorithm flowchart (see online version for colours) 
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Figure 7 MPPT characteristics (see online version for colours) 

 

3 Results and discussion 

To validate the feasibility of 6-phase DFIG with WT aerodynamics, the corresponding 
models are emulated using the OP5700 OPAL-RT real-time emulator, as shown in Figure 
8. Various outputs such as mechanical power developed by a WT at variable wind 
velocity, WT power at maximum power points is investigated. Besides, the performances 
such as stator voltages, stator currents, rotor currents, torque characteristics of WT  
6-phase DFIG speed characteristics, grid side active, and reactive power are verified 
through the real-time emulation. In terms of the WT’s mechanical power, it can only be 
developed within a specific range of wind speeds constrained by cut-in and cut-out 
speeds. Within these limits, the WT and generator are controlled, and if they exceed this 
limit, the WT and generator should be shut down for safety reasons. The characteristics 
of mechanical power developed by wind turbines at various wind speeds are depicted in 
Figure 9. The plus (+) sign denotes the maximum value of wind turbine power generated 
(developed at various wind speeds). 

Figure 8 OP5700 OPAL-RT prototype for operation of 6-phase DFIG (see online version  
for colours) 
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Figure 9 Power developed by wind turbine at wind velocity at variable speed of wind (see online 
version for colours) 

 

The turbine power generated at different wind speed is illustrated by Figure 9. The 
developed power at 5 ms–1 is close to zero watts, as shown in Figure 9. The golden colour 
represents the characteristics of the wind turbine at 12 ms–1 while the green colour 
represents the characteristics of wind turbine power at 18 m/sec. Similarly, the 
characteristics of wind turbine power at various wind speeds are represented by the 
colours blue, yellow, and red. Figure 10 shows the maximum power developed by the 
WT at a 0° pitch angle and the maximum power output is around 4000 watts at a speed of 
about 18 ms–1. Figure 11 depicts the behaviour of a wind turbine’s generated power over 
a range of wind speeds. In Figure 11, the four regions R1, R2, R3 and R4 were used to 
illustrate the divisions. Region R1 is known as cut-in region if the wind speed varies 
between 0 ms–1 and 3 ms–1. Region R4 is known as cut-out region when the wind speed 
exceeds 25 ms–1. The power generated by a wind turbine is zero when it is situated in a 
cut-in and cut-out region. Regions R2 and R3 represent the MPPT and rated power, 
respectively. 

Figure 10 Maximum power developed by Wind turbine at 18 ms–1 (see online version  
for colours) 

  

Figure 12 shows the grid side waveforms of voltage and current build-up across a, x, b, y 
c, z windings. In terms of 6-phase DFIG voltage performance, Figure 12(a) depicts the 
voltage build-up across a, x, b, y c, z. Furthermore, the phases as, xs, bs, ys, cs, and zs are 
shown to be displaced at an angle of 0°, 60°, 120°, 180°, 240°, 300° respectively the 
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output voltage of the stator terminal is 340 volts at 50 Hz frequency. Figure 12(b) shows 
the grid side current waveforms of 6-phase DFIG. 

Figure 11 The characteristics of wind turbine power in R1, R2, R3, R4 region (see online 
version for colours) 

 

Figure 12 Grid side voltage and current performance of 6-phase DFIG (a)waveforms of voltage 
winding a, x, b, y, c, z (b) waveforms of current winding a, x, b, y, c, z (see online 
version for colours) 

 

 
(a) 

 
(b) 

In a six-phase winding, the phase currents of as, xs, bs, ys, cs, and zs windings are 
displaced by an angle of 0°, 60°, 120°, 180°, 240°, 300°, respectively. 
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It can be concluded that 6-phase DFIG is clearly capable of supplying voltage and 
current to the six-phase grid system, as shown in these waveforms. 

Figure 13 depicts the machine side current build-up across the rotor windings (abc) of 
the proposed 6-phase DFIG. The machine side converter currents in windings ar, br, cr 
are displaced by an angle of 0°, 120°, 240° because the machine side only has one set of 
three phase winding. 

Figure 13 The current build-up across rotor windings during speed variation from  
sub synchronous to super synchronous mode (see online version for colours) 

 

Figure 14 Emulated waveforms of 6-phase DFIG and wind turbine torque for change in wind 
speed (see online version for colours) 

 

The emulated waveforms of 6-phase DFIG and wind turbine torque for changes in win 
speed are shown in Figure 14. Since six-phase grid system is not currently commercially 
available, a six-phase transformer can be used to feed a commercially available  
three-phase grid system using 6-phase DFIG. The six-phase current and voltage 
performances can be converted to three-phase parameters after using a six-phase 
transformer. The voltage and current performance of the six-phase transformer are shown 
in Figure 15. Figure 15(a) depicts the output voltage of a six-phase transformer, while 
Figure 15(b) depicts the output current of the six-phase transformer. In addition, 6-phase 
DFIG’s reference speed and mechanical speeds are depicted in Figure 16. Figure 17 
depicts the active and reactive power at the grid side. It can be seen that the proposed  
6-phase DFIG can feed constant power to the grid even when the wind speed varies. 
Active and reactive power outputs of 6-phase DFIG are measured as 4 kW and 1,980 
Var, respectively. 
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Figure 15 The application of six-phase transformer for the conversion of six-phase parameters 
into three-phase parameters for a conventional grid system (a) grid side voltage  
(b) grid-side current (see online version for colours) 

 
(a) 

 
(b) 

Figure 16 Emulated speed characteristic of 6-phase DFIG (see online version for colours) 
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Figure 17 The power build-up characteristics of 6-phase DFIG during speed transition from  
sub synchronous to super synchronous mode (see online version for colours) 

 
 

 

4 Conclusions 

The 6-phase DFIG-MPPT Synergy has been developed. The reported 6-phase  
DFIG-MPPT Synergy will be appropriate for 6-phase DFIG-based wind energy 
generation system. Moreover this technique will be very helpful for research fraternity if 
a 6-phase DFIG-based wind energy generation system (WEGS) will supply power to 
society in future. In addition, the need 6-phase DFIG-based wind energy generation 
system (WEGS) and modelling of novel 6-phase DFIG, six-phase are accomplished. 
Furthermore, the performance of WT aerodynamics and 6-phase DFIG are assessed with 
the DPC-based MPPT strategy. The results and discussion section show that the proposed 
6-phase DFIG achieves satisfactory results and a smooth voltage and current waveform 
under variable wind velocity. The configuration of a 6-phase DFIG ensures stable power 
during grid feeding. The emulation through OPALRT is performed to validate the 
effectiveness of the proposed a 6-phase DFIG-based WEGS and the MPPT algorithm. It 
is found that the proposed 6-phase DFIG-based WEGS provides much better 
performance while integrating with the real-time grid system. 
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