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Abstract – In recent years, the multiphase machine has gained 
increased interest due to its potential advantages. Especially in 
the aircraft industry, as redundancy is very important for safety, 
which can be achieved by using a multiphase machine. The 
multiphase machine not only ensures continued safe operation in 
the event of a fault but also requires lower phase currents for the 
given power compared to a three-phase machine. The modelling 
of the machine is important to evaluate the behaviour in 
simulation and in real-time for the project BeHyPSy. This paper 
presents different modelling methods of multi-three-phase 
PMSM, such as Vector space decomposition, General 
Decoupling, Multi-stator, Voltage-behind-reluctance Model. All 
the methods have their own advantages and limitations. The 
research has investigated several machine modeling techniques 
and concluded that, among all the approaches, the Voltage-
behind-reluctance method is the most suitable for the BeHyPSy 
project, as it accurately represents internal machine phenomena 
and enables the simulation of single-phase and multiphase faults. 

Keywords – Multi-Three-Phase PMSM, Modelling Methods, 
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NOMENCLATURE 
abc abc reference frame 

BeHyPSy B4 Innovative Hydrogen Propulsion 
System 

dq Direct-quadrature reference frame 

EMF Electromotive Force 

HSU Helmut Schmidt University / 
University of the Bundeswehr 
Hamburg 

IPMSM Interior-Mounted Permanent Magnet 
Synchronous Machine 

MTP Multi-three-phase 

nph Number of phases 

PMSM Permanent Magnet Synchronous 
Machine 

SPMSM Surface-Mounted Permanent Magnet 
Synchronous Machine 

SP-PMSM Six-Phase Permanent Magnet 
Synchronous Machine 

VARIABLES 
Rs Stator resistance 

Lls Stator leakage inductance 

𝑣𝑣s Stator voltage 

𝑖𝑖s Stator current 

𝜆𝜆s Stator flux linkage 

𝜆𝜆m Flux linkage of Permanent magnets 

𝑛𝑛 Number of three-phase sets 

j Complex vector matrix 

𝜔𝜔r Rotor electrical speed 

𝑀𝑀d Magnetising inductances in the d-axis 

𝑀𝑀q Magnetising inductances in the q-axis 

γ Phase shift angle between the two sets 
of windings 

I. INTRODUCTION

In the current electrification era, multiphase machines 
have gained significant attention due to their inherent fault-
tolerant capabilities [1], [2] and modular structure, which are 
essential for safety-critical applications such as automotive 
[3], aerospace (More Electric Aircraft) [4], naval propulsion 
[5], and renewable energy systems [6].  

An electrical machine with more than three phases is 
considered multiphase. As the number of phases increases 
above three, the per-phase current decreases without 
increasing the phase voltage. This advantage of the multiphase 
machines can be beneficial for high-power/high-current 
applications [7]. For example, in the six-phase machine, the 
per-phase current is halved in contrast to the three-phase 
machine, which gives freedom to use power switches of 
halved rated current. Due to that benefit, the concept of the 
multiphase machine started in the 1920s with the goal to fulfil 
the higher power generation demand, which was limited by the 
circuit breakers of that time [8]. In the current era, research on 
multiphase machines and power converters has increased 

DOI: 10.24405/22073



significantly, and several noteworthy survey papers have been 
published (see citations [9], [10], [11], [12], [13], [14], [15]), 
which explain drive control strategies, machine modelling, 
power converter modulation strategies, and fault-tolerant 
solutions. 

The multiphase machines can be configured in three 
different ways, as explained in Section II. Among those, one 
of the multiphase machine configurations is called multi-
three-phase, which means that there are multiple sets of three 
phases. This machine configuration provides the best fault-
tolerant capabilities [16].  

This paper contains an analysis of multi-three-phase 
systems and elaborates on their modelling approaches, like 
Vector space decomposition (VSD), General Decoupling 
(GD), Multi-stator (MS), Voltage-behind-reluctance (VBR). 
Section II contains multiphase machine configurations. 
Section III contains an overview of the multi-three-phase 
PMSM drive system, while Section IV contains different 
multi-three-phase PMSM modelling methods. Section V 
summarises the advantages and limitations of all the modelling 
methods and Section VI concludes the paper. 

II. MULTIPHASE MACHINE CONFIGURATIONS

Multiphase machines are categorised into symmetrical and 
asymmetrical based on the displacement between phases. 
There are two types of displacements: spatial/mechanical and 
electrical displacement. Spatial displacement refers to 
the physical separation between components. Electrical 
displacement between two consecutive phases indicates the 
phase difference in the alternating current waveform produced 
by those phases, which is measured in electrical degrees and 
determined by the winding arrangement and the number of 
pole pairs; specifically, electrical angle (°) equals mechanical 
angle (°) multiplied by the number of pole pairs.  

The spatial displacement between two consecutive phases 
is 360°/nph degrees in a symmetrical machine, with nph as the 
total number of phases in a multiphase machine setting [7]. 
(for example, for a five-phase machine spatial displacement is 
72°). When the number of phases is an even number and a non-
prime odd number, the machine can be seen as n sets having a 
phases each [9]. Generally, 𝑎𝑎 =  3  (three-phase sets), 
𝑛𝑛 =  2,3,4,5, . . .,  and the spatial displacement between the 
first phases of two consecutive sets is 180/nph degrees (for 
example, an asymmetrical eighteen-phase machine has n = 6 
three-phase sets, and the spatial displacement between the first 
phases of two consecutive sets is 10 electrical degrees) [7]. 

The most often used multiphase machine configurations 
are as follows [7]: 

1. Conventional multiphase with a single machine
neutral point ( 𝑎𝑎 =  1, 𝑛𝑛 =  1, 2, 3, …);

2. Multiple independent single-phase units (
𝑎𝑎 =  1, 𝑛𝑛 =  1, 2, 3, …);

3. Multiple independent three-phase units with
isolated neutral points ( 𝑎𝑎 =  3, 𝑛𝑛 =  1, 2, 3, …).

The third configuration (Multiple sets of three-phase 
windings) is an auspicious approach in settings where 
redundancy and simplicity are desired, since sets of three-
phase windings, each supplied by independent inverters 
enhances redundancy. In addition, it enables continuous 
operation even under fault conditions by isolating faulty units, 

but with reduced performance. Moreover, costs and 
complexity are reduced due to established three-phase 
converter technologies. 

III. MULTI-THREE-PHASE PMSM
Multi-three-phase Permanent Magnet Synchronous 

Machines (MTP-PMSM) benefit from reduced per-phase 
current [9] and enhanced DC link voltage utilisation [10], 
enabling higher average torque [11] and improved harmonic 
control capabilities in advanced drive systems [12]. Notably, 
these attributes position multi-three-phase PMSMs as optimal 
solutions for high-power, high-reliability, and safety-critical 
applications demanding robust and efficient electric drive 
systems [13], [14], [15]. 

An MTP-PMSM electrical machine has a rotor consisting 
of permanent magnets and a stator consisting of independent 
three-phase windings with isolated neutral points that are 
supplied by three-phase inverter units [17], [18], as shown in 
FIGURE 1. The structure of the magnets and windings also 
varies according to different machine topologies. 

FIGURE 1: GENERIC MULTI-THREE-PHASE PMSM DRIVE TOPOLOGY. 

In the motor drive (FIGURE 1), electrical energy is supplied 
to the motor via the respective segment, one of which is 
highlighted in blue. The electrical energy sources (A) supply 
direct current to each part separately from outside the design. 
An inverter (B) transforms the DC voltage into a three-phase 
AC voltage to energise three sets of coils (C) in the stator (D). 
The rotor rotates as a result of the alternating magnetic fields 
activating the permanent magnets (E) that are connected to the 
rotor (F) [19]. 

To understand the topologies of a multi-three-phase 
machine, here is an example of the different topologies in a 
six-phase PMSM (SP-PMSM) which is made up by two sets 
of three-phase windings. The SP-PMSM is the most popular 
of all the MTP-PMSMs. As illustrated in FIGURE 2, SP-
PMSMs can be classified into three types based on the phase 
shift angles (γ) between the two sets but it is not limited to 
these types as γ can be any value. 

FIGURE 2: SIX-PHASE-PMSM TOPOLOGIES (A) Γ = 0°. (B) Γ = 30°. (C) Γ 
= 60°. ADAPTED FROM [16]. 
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According to [16], each SP-PMSM topology has its own 
advantages based on its phase shift angle. One of the benefits 
of the SP-PMSM with a 0° phase shift is its simplicity in 
design and control. With a 0° phase shift, the three-phase 
PMSM control scheme can be applied directly to the SP-
PMSM, allowing two sets of three-phase inverters to share 
modulation signals. When the SP-PMSM has a 30° phase shift, 
the sixth torque pulsation can be successfully eliminated. In 
contrast to SP-PMSMs with other phase shifts, it features low-
torque ripples. Because of the symmetrical distribution of two 
sets of three-phase windings, the SP-PMSM with a phase shift 
of 60° offers the best fault-tolerant capability. 

This article aims to provide a comprehensive review of 
existing modelling approaches for MTP-PMSMs, 
underscoring their significance in driving innovation and 
reliability within the field. Recent research focuses on 
advanced modelling techniques that address the magnetic 
coupling and asymmetry challenges inherent in multi-three-
phase PMSMs, enabling more accurate prediction of machine 
behaviour under various fault conditions [12]. Additionally, 
modular modelling approaches have been developed to 
facilitate independent control and torque-sharing among 
winding sets, enhancing both operational flexibility and post-
fault performance [13], [20].  

The objective of this investigation is to design a simulation 
of an MTP-PMSM that will be utilised in the project B4 
Innovative Hydrogen Propulsion System (BeHyPSy). The 
name is derived from the system under investigation; a 
Breezer B400-6 aircraft will be propelled by an innovative 
hydrogen-based propulsion system. This drive system uses a 
variety of power segments to provide electrical energy to the 
aircraft's electric motor. The drive system is a 6×3-phase 
(𝑎𝑎 =  3, 𝑛𝑛 =  6) PMSM since there are six individual power 
segments. A generalised schematic representation of such a 
motor can be viewed in FIGURE 1, with 𝑛𝑛 =  6. 

The multi-independence segments system naturally 
produces redundancy. Because the motor can also operate with 
fewer power segments, a failure of one or more of the power 
segments does not result in a failure of the entire system. Since 
the load on the shaft is unequal in this situation, it is not 
advised for continuous operation, as it results in reduced 
torque and, consequently, lower speed and imbalance [19]. 

IV. MACHINE MODELLING METHODS 
There are many different machine modelling methods, 

such as Vector Space Decomposition , General Decoupling, 
Multi-Stator, and Voltage-Behind-Reactance. All these 
machine modelling approaches are discussed in this chapter. 

A. Vector Space Decomposition  
The VSD model of PMSM is explained in [21]. VSD is the 

generalised mathematical transformation that decomposes a 
multi-dimensional machine into a set of orthogonal subspaces. 
Instead of directly dealing with all the phase variables 
(voltages, currents, flux linkages), VSD groups them into 
independent 2D subspaces and zero-sequence subspaces. 
Then, each subspace can be independently controlled, 
typically resembling the well-known three-phase dq0 
transformation. 

The main results of differences in VSD with respect to MS 
modelling are explained in [22]. In the VSD approach, the 
time-fundamental model is defined by a single (dq) subspace, 

whose electromagnetic equations (calculating stator voltage 
and flux linkage) are: 

𝑣̅𝑣s,dq =  𝑅𝑅s ·  𝑖𝑖s,dq +
d
d𝑡𝑡
𝜆𝜆̅s,dq +  𝑗𝑗 · 𝜔𝜔r · 𝜆𝜆̅s,dq (1) 

𝜆𝜆̅s,dq = 𝐿𝐿ls · 𝑖𝑖s,dq + 𝑛𝑛 · 𝑀𝑀dq · 𝑖𝑖s,dq + �𝜆𝜆m 0 � 
(2) 

The steady-state circuit model of the VSD approach in the 
dq frame is shown in FIGURE 3, where in eq. (1) 𝑗𝑗 = �0 −1 

 1  0 � 

and in eq. (2)  𝑀𝑀dq = �
𝑀𝑀d  0 
 0  𝑀𝑀q

� is the magnetising 

inductance matrix in the dq reference frame. 

But there are two limitations of the VSD approach. The 
first one is the limited decoupling action only for regular 
asymmetrical and symmetrical multiphase configurations. The 
second one is the lack of modularity that prevents a viable 
design of drive control schemes, able to deal with direct and 
independent control of the individual three-phase sets [23]. 

 
FIGURE 3: STEADY-STATE VSD MODEL OF A MULTIPHASE PMSM. 
ADAPTED FROM [22]. 

B. Multi-Stator  
According to [23], the VSD approach configures the 

machine model in multiple orthogonal bidimensional 
subspaces. Where there is only one subspace responsible for 
electromechanical conversion. While the remaining subspaces 
do not contribute to the torque production and are considered 
as harmonic-type subspaces. 

The multi-stator approach was developed for the first time 
in 1974 by Nelson and Krause for an asymmetrical six-phase 
induction machine [24]. The primary benefit of this method is 
the clear separation of the torque and flux contributions from 
the individual three-phase machine sets. For the modular 
machine control that works with the independent three-phase 
inverter units, this feature is intriguing. In addition, there is full 
control of the individual phase currents of the machine. 
Whereas in VSD, only average currents are controlled (as 
explained in the sub-section A). 

The generic MS modelling method [7] for the Interior-
Mounted Permanent Magnet Synchronous Machine (IPMSM) 
and Surface-Mounted Permanent Magnet Synchronous 
Machine (SPMSM) are explained in this section. Where the 
number of phases of the machines is 𝑛𝑛𝑛𝑛ℎ = 3𝑛𝑛  and 𝑘𝑘 =
 1, 2, … ,𝑛𝑛 is the index number of a single three-phase set. The 
equivalent steady-state circuit of the machine using the MS 
approach is shown in FIGURE 4. 

The stator voltage equation is:  

𝑣̅𝑣sabc,k =  𝑅𝑅s ·  𝑖𝑖sabc,k +
d
d𝑡𝑡

 𝜆𝜆̅sabc,k  (3) 

𝑥̅𝑥sabc,k = [𝑥𝑥sak 𝑥𝑥sbk 𝑥𝑥sck]𝑇𝑇 (where 𝑥𝑥 can be considered as 
a stator voltage (𝑣𝑣), stator current (𝑖𝑖), or Stator flux linkage 

j·ω r·L lsR s
j·ω r·n·M dq

j·ω r·λ m

+

i s , dq
v s , dq



(𝜆𝜆)) is a stator vector defined for the three-phase set (𝑎𝑎𝑎𝑎𝑎𝑎)k  
and defined in its own stator coordinates. 

The IPMSM magnetic model is: 

𝜆𝜆̅sabc,k =  𝐿𝐿ls · 𝑖𝑖sabc,k +  ��[𝑀𝑀sk−sz] · 𝑖𝑖sabc,k�
𝑛𝑛

𝑧𝑧=1

 
(4) 

+𝜆𝜆̅mabc,k 

The [𝑀𝑀sk−sz] is a 3×3 mutual inductance matrix between 
two stator winding sets and 𝜆𝜆̅mabc,k = [𝜆𝜆mak 𝜆𝜆mbk 𝜆𝜆mck]𝑇𝑇 
represents the flux linkage of the 𝑘𝑘th-set three-phase winding 
due to the presence of the permanent magnets under magnetic 
linearity. 

The IPMSM magnetic model in a rotating (𝑑𝑑𝑑𝑑 ) frame 
needs particular attention since it depends on the definition of 
the d-axis. By applying the general Clarke and Park 
transformation to (3) & (4), the stator voltage and flux 
equations in the stationary reference frame become:  

𝑣̅𝑣sk,dq =  𝑅𝑅s ·  𝑖𝑖sk,dq +
d
d𝑡𝑡
𝜆𝜆̅sk,dq +  𝑗𝑗 · 𝜔𝜔r · 𝜆𝜆̅sk,dq (5) 

𝜆𝜆̅sk,dq = 𝐿𝐿ls · 𝑖𝑖sk,dq + �
𝑀𝑀d  0 
 0  𝑀𝑀q

� · �𝑖𝑖sz,dq

𝑛𝑛

𝑧𝑧=1

 
(6) 

+ �𝜆𝜆m 0 � 

By comparing (5) & (6) with (1) & (2), it is clear that the 
VSD model is similar to the k-set MS model. However, in the 
VSD model, the (𝑑𝑑𝑑𝑑) vectors, in this instance, are indicative 
of every stator phase, resulting in an average machine model. 

 
FIGURE 4: STEADY-STATE (D,Q) MS MODEL OF THE MULTIPHASE 
PMSM. ADAPTED FROM [20]. 

The above model (3)-(6) can also be used for a SPMSM, 
subsequently 𝑀𝑀d = 𝑀𝑀q.  

There are also other modelling methods named 
Decoupling MS (DMS) and Advanced Decoupling MS 
(ADMS) that build on the modular philosophy of MS 
modelling with a combination of decoupling, like VSD 
method [22]. 

C. General Decoupling 
According to [16], there exists no general modelling 

method that can cover all types of MTP-PMSMs. So, the GD 
modelling method is proposed for all types of MTP-PMSMs 
by decoupling the multiple 𝛼𝛼 − 𝛽𝛽  coordinates into torque 
subspace and loss subspaces. 

The general model of different MTP-PMSMs is obtained 
by transforming the multiphase currents into multiple 
stationary coordinates based on multiple Clarke 
transformations as shown in [16]. Based on that, the multiple 
𝛼𝛼 − 𝛽𝛽 coordinates can be decoupled, and the General 
Decoupling matrix of MTP-PMSM can be derived. 

D. Multi-Stator Voltage-Behind-Reactance 
The voltage-behind-reactance (VBR) model is a circuital-

based modelling approach. This approach represents internal 
machine phenomena like saturation effects and variable 
reluctance more accurately [25]. Tolosano et al. [26] proposed 
a comprehensive VBR model for twelve-phase synchronous 
motors, motivated by the need for accurate modelling of 
multiphase machines that can capture both steady-state and 
dynamic behaviour while retaining analytical tractability. The 
machine model proposed in [26] is based on the VBR 
modelling approach that appropriately accounts for the 
multiple mutual coupling between the machine phases. 
Furthermore, it can also simulate internal faults occurring 
within the machine. This way, machine behaviour can be 
investigated in situations like single- or multi-phase faults. 
The average machine models based on MS or VSD approaches 
are primarily designed for the testing of control strategies. 
Therefore, they are not effective models to ensure fault-
tolerant behaviour of the machine [22]. 

 
FIGURE 5: VBR MODEL OF THE MULTIPHASE PMSM. 

A very generic VBR model for asymmetrical IPMSM with 
𝑛𝑛 number of three-phase sets (see FIGURE 5) is introduced in 
[26], where the machine model of set 𝑘𝑘 (𝑘𝑘 =  1, 2, … ,𝑛𝑛) is 
provided in both 𝑑𝑑𝑑𝑑0 as well as in 𝑎𝑎𝑎𝑎𝑎𝑎k frames.  

1) Modelling of set 𝑘𝑘 in the 𝑑𝑑𝑑𝑑0 frame 
The stator electric model in the dq0 frame is defined as: 

𝑣̅𝑣sk,dq0 =  𝑅𝑅s,sk ·  𝑖𝑖sk,dq0 + 𝐿𝐿ls,sk ·
d
d𝑡𝑡
𝑖𝑖sk,dq0 + 

𝑙𝑙dq0 ·  �
𝑑𝑑
𝑑𝑑𝑑𝑑
𝑖𝑖sz,dq0

𝑛𝑛

𝑧𝑧=1

 +  𝑗𝑗 · 𝜔𝜔r · 𝜆𝜆̅sk,dq0 

(7) 

𝜆𝜆̅sk,dq0 =  𝐿𝐿ls,sk · 𝑖𝑖sk,dq0 + 𝑀𝑀dq0 · �𝑖𝑖sz,dq0

𝑛𝑛

𝑧𝑧=1

+  

𝜆𝜆̅m,dq0 

(8) 

where 𝑅𝑅s,sk and 𝐿𝐿ls,sk  are set 𝑘𝑘  stator resistance and stator 
leakage inductance, respectively;- 𝑀𝑀𝑑𝑑𝑑𝑑0  is the matrix 
describing the magnetising coupling and 𝑙𝑙𝑑𝑑𝑑𝑑0  is the 
differential inductances matrix in the 𝑑𝑑𝑑𝑑0 reference frame as:  

L lsR s L k
+

i abc A -
E
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-

k
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𝑀𝑀dq0 = �
𝐿𝐿dd 𝐿𝐿dq 0
 𝐿𝐿qd  𝐿𝐿qq 0

0 0  𝐿𝐿ls,sk

� (9) 

𝑙𝑙dq0 = �
𝑙𝑙dd 𝑙𝑙dq 0
 𝑙𝑙qd  𝑙𝑙qq 0

0 0  𝐿𝐿ls,sk

� (10) 

where (𝐿𝐿𝑑𝑑𝑑𝑑 , 𝐿𝐿𝑞𝑞𝑞𝑞) are the self-apparent inductances, (𝐿𝐿𝑑𝑑𝑑𝑑 , 𝐿𝐿𝑞𝑞𝑞𝑞) 
are the cross-apparent inductances, ( 𝑙𝑙𝑑𝑑𝑑𝑑 , 𝑙𝑙𝑞𝑞𝑞𝑞 ) are the self-
differential inductances, and ( 𝑙𝑙𝑑𝑑𝑑𝑑 , 𝑙𝑙𝑞𝑞𝑞𝑞 ) are the cross-
differential inductances of the machine. Whereas the 𝐿𝐿ls,sk is 
the stator leakage inductance of the 𝑘𝑘𝑡𝑡ℎ set. 

2) Modelling of set 𝑘𝑘 in the 𝑎𝑎𝑎𝑎𝑎𝑎𝑘𝑘 frame 
The stator electric model in 𝑎𝑎𝑎𝑎𝑎𝑎𝑘𝑘 frame is defined as: 

𝑣̅𝑣sk,abck =  𝑅𝑅s,sk ·  𝑖𝑖sk,abck + 𝐿𝐿ls,sk ·
d
d𝑡𝑡
𝑖𝑖sk,abck + 

𝐿𝐿k ·  �
d
d𝑡𝑡
𝑖𝑖sz,abck

𝑛𝑛

𝑧𝑧=1

 + 𝑒̅𝑒sk,abck  

(11) 

where 𝐿𝐿k represents the differential inductances matrix in the 
𝑎𝑎𝑎𝑎𝑎𝑎𝑘𝑘  frame, which is transformed from 𝑙𝑙  (differential 
inductances matrix) using standard matrix transformation, 
whereas the term 𝑒̅𝑒𝑠𝑠k,abck  represents back-emf as explained in 
[26]. 

To properly manipulate the currents from other sets by 
using the matrix 𝑃𝑃(𝜃𝜃zk) a viable solution is proposed in [26]: 

𝑃𝑃(𝜃𝜃zk)

=  

⎣
⎢
⎢
⎢
⎢
⎡ cos(𝜃𝜃zk) cos �

2𝜋𝜋
3 + 𝜃𝜃zk� cos �

4𝜋𝜋
3 + 𝜃𝜃zk�

cos �
2𝜋𝜋
3 − 𝜃𝜃zk� cos(𝜃𝜃zk) cos �

2𝜋𝜋
3 + 𝜃𝜃zk�

cos �
4𝜋𝜋
3 − 𝜃𝜃zk� cos �

2𝜋𝜋
3 − 𝜃𝜃zk� cos(𝜃𝜃zk) ⎦

⎥
⎥
⎥
⎥
⎤

 (12) 

where 𝜃𝜃zk  (can also be represented by 𝛾𝛾  as shown in 
FIGURE  2) represents the phase displacements between the set 
𝑘𝑘 and 𝑧𝑧.  

V. SUMMARY 
In summary, this research describes the multiphase 

machine and its different modelling methods. The multiphase 
machine is not only highly redundant but also has fault-
tolerant capabilities. Due to the higher number of phases, it 
can be very beneficial in safety-critical and high-power/high-
current applications such as automotive, aerospace (More 
Electric Aircraft), naval propulsion, and renewable energy 
systems. 

Among the different multiphase machine configurations, a 
machine with multiple independent three-phase units with 
isolated neutral points is very popular. As each three-phase 
unit is supplied by independent inverters, this enhances 
redundancy. Additionally, by separating faulty units, it offers 
ongoing operation even in the event of a failure; however, with 
reduced performance. Furthermore, the usage of standard 
three-phase converter technologies reduces costs and 
complexity. 

This research aims to investigate different machine 
modelling methods that align with the requirements in the 

project BeHyPSy. The modelling methods like Vector space 
decomposition (VSD), Multi-stator (MS), General 
Decoupling (GD), and Voltage-behind-reluctance (VBR) are 
reviewed (see TABLE I). Each modelling approach offers 
distinct advantages and limitations in handling magnetic 
coupling, computational complexity, modularity, and fault 
tolerance (see TABLE II). The comparative analysis in TABLE I 
& TABLE II highlights these trade-offs. 
TABLE I: DEFINITION AND LIMITATIONS OF DIFFERENT MODELLING 
METHODS. 

Model Definition Limitations 

VSD A generalised mathematical 
transformation that 
decomposes a multi-
dimensional machine into a set 
of orthogonal subspaces. It 
groups the machine 
components into independent 
2D subspaces and zero-
sequence subspaces (dq0). 
Where each subspace can be 
independently controlled. 

Lacks modularity emphasis 
and has limited decoupling 
actions. The parameters of all 
the different stators need to be 
assumed identical. 

MS Enables independent control 
of each three-phase set and 
captures space harmonics and 
asymmetries better than VSD. 

Not capable to simulate 
internal faults occurring within 
the machine. Computationally 
intensive for large-scale 
systems. 

GD Can realise comprehensive 
decoupling, and no complex 
reconstruction is needed when 
the structure of MTP-PMSM 
changes. 

Requires complex decoupling 
transformations.  

VBR A circuital-based modelling 
approach represents internal 
machine phenomena more 
accurately. 

High computational 
complexity 

 

TABLE II: COMPARISON OF DIFFERENT MODELLING METHODS. 

Model Magnetic 
Coupling 
between 
winding sets 

Low compu-
tational 
complexity 

Modularity Fault-
tolerance 
capabili-
ties 

VSD     

MS     

GD     

VBR     

VI. CONCLUSION 
In conclusion, this comprehensive review has examined 

key multi-three-phase PMSM modelling techniques, including 
VSD, MS, GD, and VBR. In addition, the multi-three-phase 
machine and its configurations with different topologies have 
been explained. Among all of the methods, the VBR method 
is more prominent in our application in the project BeHyPSy, 
as it represents accurate internal machine phenomena and 
allows us to simulate single-phase or multiphase faults. Future 
research should focus on modelling a 6×3-phase PMSM 
model using VBR modelling methodology with motor control 
strategy. Furthermore, the model should be evaluated in 
simulation as well as in power hardware in the loop (PHIL). 
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