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ABSTRACT 

The growing concern about the energy crisis and environmental protection has caused a growing interest 

in wind power generation systems. Researchers and engineers urgently need to create new multiphase 

induction machines for the production of wind energy, since they are essential parts of wind turbines. This 

study offers control and stability analysis of a multiphase induction machine based on the entropy stability 

requirements for its linearized model. The generated model was used to assess the on-load properties of the 

multiphase induction machine and calculate its steady-state parameters under each operating 

circumstance. According to the analysis, the eigenvalues depend on the machine parameters, with the 

excitation capacitance and speed variation being the most important. Stabilization of the multiphase 

induction machine is the main focus of the singular values, which vary according to its variables. The 

simulated results include an examination of a multiphase induction machine steady state for voltage build-

up at various types of load. 
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I. INTRODUCTION  

Research on power transmission has gone beyond three 
phases [1-2], and multiphase induction machines have become 
much more significant [3-4]. Multiphase machines are seen as 
an alternative to three-phase machines for applications that 
need a range of speeds. As the demand for wind turbines and 
sustainable mobility increases worldwide, multiphase machines 
have become one of the preferred options for power conversion 
systems. Research on multiphase machines is becoming more 
and more popular due to the development of power 
semiconductor devices and converter modulation techniques. 
The stator excitation in a multiphase machine produces 
improved magneto-motive force, resulting in lower space 
harmonics, lower torque ripples, and higher efficiency than in 
three-phase drives. Multiphase drives also offer many other 
exceptional advantages over traditional three-phase drives [5-
6]. Additional phases, strong reliability standards, and higher 
power ratings provide the system with more room for 
advancement, making multiphase machines preferable to their 
three-phase counterparts. As a result, research on multiphase 
machines has been expanding [7-8]. High-phase machines 
provide greater operating flexibility and fault tolerance 
compared to their three-phase counterparts [9-10]. 

In this study, the multiphase machine under investigation 
used a single three-phase winding set excitation technique. At 
least three different loading topologies can be used. For 
example, a load could be fed by a six-phase transformer that 
interfaces with the load. Although de-rating of the load is rarely 
necessary when even two phases are lost, such a configuration 
produces an exceedingly fault-resilient loading architecture 
[11-12]. Energy is regularly extracted from many renewable 
energy sources, such as small hydro plants, wind turbines, etc., 
using six-phase induction generators, since they have several 
benefits, including ease of construction, low cost, toughness, 
high dependability, and low maintenance requirements [13-14]. 
Multiphase induction generators have many advantages over 
conventional three-phase systems. Systems with more than 
three phases have recently attracted a great deal of interest in 
variable-speed drive electric systems [15-16]. Multiphase 
machines are used in important applications that demand strong 
fault-tolerant capabilities, such as submarine propulsion, 
aircraft, and undoubtedly Electric Vehicles (EVs) [17-20]. 

The loss of one phase does not cause a breakdown of the 
spinning magnetic field in three-phase machines without a 
neutral-point connection. Three phases are the bare minimum 
that can be used to provide the required rotational field. A 
multiphase machine can still operate without stopping if one of 
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the phases is open-circuited [21-24]. Multiphase induction 
generators can easily increase the total amount of power while 
maintaining the prior per-phase power rating. However, 
compared to multiphase induction generators, research on 
multiphase induction motors has been more fruitful to date [25-
28]. Due to their higher reliability, multiphase machines are 
beginning to be accepted as alternatives in high-power 
applications because of their potential to create fault-tolerant 
operating procedures. High-power applications also have the 
advantage of requiring half as much power per phase for any 
given output power, allowing the use of power semiconductors 
with lower ratings than three-phase systems [30-34]. 

This study focuses on the working modes of a multiphase 
induction machine, determining the static performance of the 
self-excited generator at no and under load and examining the 
influence of capacity and speed variation on the electrical 
quantities. All analytical and numerical simulation studies were 
validated by experimental tests using a prototype available in 
the laboratory. 

II. MATHEMATICAL MODEL OF MPIM 

Figure 1 shows the schematic architecture of a multiphase 
induction generator for its two different sets of three-phase 
stator windings and one rotor winding. There is an arbitrary 
angle that separates these two sets of three-phase stator 
windings from the stars.  

 

 
Fig. 1.  Configuration of a wind-based MPIM. 

Figure 2 shows the d-q model applied as the loading is 
applied. 

 

 

Fig. 2.  Park transformation of multi-phase induction generator. 

The multi-stator winding induction machine model was 
developed as follows: 
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The magnetizing flux values are given by: 
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where: 

�� = 	12)3*4(52(3 14/    (6) 

Using the state variables, the following set of equations can 
be defined:  
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III. SIMULATION AND PERFORMANCE RESULTS 

To examine how the multiphase induction machine 
performs, both sets of the three-phase windings of the stator 
were connected to a variety of excitation capacitors. Figure 3 
shows the diagrammatic representation of a multiphase 
induction machine operating in shunt mode. The test device 
was subjected to several conditions, including no load and 
loads with varying speeds and excitation capacitor values. 
Table I lists the generator parameters that were established by 
the laboratory machines' no-load and locked-rotor tests. 

TABLE I.  PARAMETERS OF THE GENERATOR 

Sn 0.5 KW 
VLL 220 V 

ns 1500 rpm 
I 0.75 A 
f 50 Hz 

Rs 28.59 Ω 
Rr 14.38 Ω 
Xr 19.81 Ω 

Xsm 20.1 Ω 
Xs 19.81 Ω 

 
Two sets of specifically designed three-phase windings 

were used to rewind the stator of each machine (two stars). 

A. Control Strategy of Unloaded MPIM 

As no voltage is necessary for autonomous operation, the 
multiphase induction machine's rated voltage and current 
parameters listed on the equipment rating plate were used to 
calculate power limits, as shown in Figure 3. Voltage is 
sensitive to capacitance fluctuation for a specific rotational 
speed value. The generator starts from a minimum capacity Cm 

in = 6.47μF which corresponds to a voltage Vmin = 95V. 

The machine could burn if the excitation capacity is 
increased because it will increase the voltage applied to the 
stator. Two capacity limit values were found for a given speed, 
one for the generator beginning and the other for the nominal 
voltage: C ∈ �6.47, 8.19� μF. As a result, the vacuum 
generator's stable operating range is limited at high rotation 
rates. The device starts at its rated speed Wemin = 279.4 rad/s, 
which corresponds to a voltage V = 8323 V, for a certain 
capacity. For a Wemax rated speed of 314.2 rad/s, the 

machine's rated voltage V = 220 V is obtained as shown in 
Figure 4. 

 

 
Fig. 3.  Variation of voltage with capacitance. 

 

Fig. 4.  Stator voltage against speed for constant capacity C= 8.19 μF. 

When the speed exceeds the voltage, there is a high risk of 
overheating (Wemax) and the occurrence of damage to the 
machine's insulation. As a result, the speed value should be 
selected with care. To define the stable operating zone of the 
generator for self-excited induction, it is helpful to know the 
speed at which extreme values change, and therefore the 
reliable operating range of the generator is defined for a 
particular capacity by ωmin < ωe < ωe max. As the excitation 
power rises, the stable operating range of the vacuum 
generator; therefore, performance at large excitation capacities 
is of special relevance. 

B. Stability Analysis for Loaded Six-Phase Induction 
Generator 

It can be shown that the machine's terminal voltage is more 
critical than the vacuum. Figure 5 shows that as the load is 
reduced, the voltage decreases, the current increases to its peak, 
and then both the voltage and the current drop to zero. Zmax 
exceeds the nominal operating conditions of the generator. As a 
result, Zmin has a minimum value below which the machine's 
excitement is gone. By doing this, a load range is created that 
guarantees that the generator will run nonstop. The selection of 
the load impedance must meet the following criteria: 

Zmin ≤ Zch ≤ Zmax    (8) 
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Excitation capacity, drive speed, and load impedance affect 
the terminal voltage of the autonomous asynchronous 
generator. Figure 6 shows the performance of the machine. 

 

 

Fig. 5.  Stable operating zone under load for C = 8.65 µF and we = 314.2 
rad/s. 

 
Fig. 6.  Stator voltage against load current for various speeds (ωei = 300 
rad/s, ωef = 316 rad/s, Δwe = 2 rad/s, C = 9.5 μF. 

TABLE II.  EFFECT OF THE ROTATIONAL SPEED ON THE 
CRITICAL LOAD IMPEDANCE VALUES. 

Speed 316 rad/s 314 rad/s 312 rad/s 
 Zmin 579.29Ω 592.14Ω 605.83Ω 
 Zmax 1626Ω 1826Ω 2097.23Ω 

 
Table II shows that as the fixed rotational speed capacity 

increases, the voltage changes as a function of the load current, 
and the extreme values of the load impedance decrease. This 
reduces the variation of the load range and, as a result, the 
stable working range of the generator load. This creates a load 
range that ensures that the generator will run continuously. 
Impedance under maximum load decreases as the current flows 
are increased for a certain rotational speed. The generator's 
performance under load is significantly influenced by its 
capacitance and speed. 

IV. CONCLUSIONS 

Technology for multiphase machines has advanced 
significantly in the last ten years. This study offered a thorough 
analysis of a multiphase induction generator that has been 
successfully modeled in a fixed reference frame utilizing a 
different modeling strategy. The selection of the ideal 
excitation capacitance and some other factors, relevant to the 
implementation of the high-phase multiphase induction 
generator, were addressed in depth. The ideal excitation 

capacitance for the machine under investigation was 
determined by experimental research. The simulation findings 
show that the generator has excellent voltage control because 
of series compensation. The generating system is capable of 
producing output voltage at a constant frequency. Moreover, 
the electricity from the energy storage element can be switched 
to the AC side in an emergency. 
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