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Abstract: Six-phase induction machine presents 

several benefits over their conventional three-phase 

counterpart. This paper thus presents the model and 

described in detail the simulation of a Six-phase split 

winding induction machine in a Matlab/Simulink 

environment. The Simulink model is built in such a 

flexible manner such that various variables of the 

machine can be accessed easily for further purposes 

such as control. Finally, simulation results showing free 

acceleration as well as dynamic response of the 

machine were presented for both direct ac supply and 

the PWM inverter voltage source. 

Keywords: Six phase Induction machine, 

Matlab/Simulink, Split winding, PWM inverter. 

1. Introduction 

Electrical machine exists for the bulk of its time in 

the steady state, thus it has often been simulated in 

circuit simulators using the steady state model; 

however, it is during the brief period of transient, 

non-stationary behaviour that most of the stresses 

occur which limits the life of the machine. 

Simulink is known to have the advantages of being 

capable of complex dynamic system simulations, 

graphical environment with visual real time 

programming and broad selection of tool boxes. 

The simulation environment of Simulink has a 

high flexibility and expandability which allows the 

possibility of development of a set of functions for 

a detailed analysis of the electrical drive. Its 

graphical interface allows selection of functional 

blocks, their placement on a worksheet, selection 

of their functional parameters interactively, and 

description of signal flow by connecting their data 

lines using a mouse device. System blocks are 

constructed from lower level blocks grouped into a 

single maskable block. It also provides an open 

system environment which provides access to 

algorithm and source codes.  

Simulink has been used to model and simulate 

induction machine, but most often on three phase 

induction machine models [1-4]. Mostly, these 

models do not present the internal details and some 

commonly use the S-function programming 

knowledge. In addition, the complete model of 

three phase induction machine exists within the 

simulink power system blockset. This also makes 

use of the S-function which is not easy to work 

with as the rest of the simulink blocks.  

Likewise, it is interesting that six phase induction 

machine has continued to gain research interest for 

ac drive application, because of the benefits it 

offers compared to its conventional three –phase 

counterparts [5, 6]. 

This paper uses Matlab/Simulink environment to 

simulate the dynamic behaviour of a six phase dual 

stator (split) winding Induction motor that is fed by 

two arrangements of voltage sources, firstly with 

the utility supply and secondly using a PWM 

voltage source inverter. A similar machine was 

discussed in [6, 7, 8], however they used an 

entirely different simulation environment, and did 

not express in detail the steps in the development 

of the simulation model as presented in this work. 

2. Electrical Model 

The non-linear differential equations that describe 

the dynamic behavior of an induction machine 

with multi-phase and arbitrary displacement 

between them is presented in [5] where the six 

phase induction machine was used as an example, 
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and the equivalent circuit has been presented. Also, 

the dqo model for a six phase machine was 

developed in [6, 7]. 

The equations that describes the behavior of the 

six-phase induction machine when expressed in the 

arbitrary reference frame are listed in equations (1) 

through (13) 

1 1 1 1 1q q q k dV r I pλ ω λ= + +  (1) 

1 1 1 1 1d d d k qV r I pλ ω λ= + −  (2) 

01 1 01 01V r I pλ= +  (3)  

' ' ' '( )qr r qr qr k r drV r I pλ ω ω λ= + − −  (4) 

' ' ' '( )dr r dr dr k r qrV r I pλ ω ω λ= + − −  (5) 
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02 2 02 02V r I pλ= +  (9) 

where ωk is the speed of the reference frame, ωr is 

the rotor speed. Also, the expressions for stator and 

rotor flux linkages are: 
' ' '
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The electromagnetic torque equation is written in 

terms of λmd and λmq as: 

3
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( ) ( )P
e md q q mq d dT I I I Iλ λ = + − +   (19) 

Similarly, the mechanical model of this machine 

comprises of the equation of the motor and the 

driven load, and this is usually represented as: 

2 r
em LP

d
J T T

dt

ω
= −  (20) 

where J is the inertia and TL is the load torque. 

3.  Preparing the Equations for 

Simulation 

These equations that describe the electrical and 

mechanical behaviour of the machines contain 

mixed variables (flux linkages and current). Either 

of these two quantities could be eliminated from 

the differential equation by algebraic 

manipulations of equations (1)-(18). In this paper, 

the flux linkage is resolved as the state variables 

and currents as dependent variables. Thus, the 

currents when solved in terms of flux linkages are 

obtained as: 
1
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Substituting equations (21)-(28) into (1) – (8) and 

solving the equation in the rotor reference frame, 

(that is ωk becomes ωr) the integral form of the 

machine voltage and torque equations with flux 

linkage as state variables is given as: 
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[ ]2
P

r em LJ
T T dtω = −∫  (38) 

r r
dtθ ω= ∫  (39) 

Thus equations (19), (21)-(39) essentially will be 

used to simulate the six phase (dual) split winding 

induction machine. These equations are arranged 

in integral form rather than in the differential form   



 

Fig. 1: Flow diagram of the electrical part for the 

simulation of the six-phase machine 

so as to avoid having spikes as a result of 

differentiation of signals with ripples 

4. Implementation in Simulink 

In order to implement this in simulink, the 

equations are arranged into four major blocks as 

listed below:  

� Inputs (three-phase voltages and load torques) 

� Outputs (three phase currents , electrical 

torque and other component as may desired 

for identification) 

� Electrical part of the machine  

� Mechanical part of the machine 

Similarly, to maintain a proper flow of variables 

and for convenience of simulation, the equations 

have been separated into the q-axis and the d-axis 

blocks as indicated in figure1.  

With the flow of signal shown in Fig.1 the external 

inputs Vd1, Vd2, Vq1, Vq2 will be obtained from the 

transformation of the three phase variables to the 

two phase rotating reference frame. Thus, the 

simulation block that implements the 

transformation of the ‘abc’ phase variables to the 

‘dq’ rotating reference frame and vice versa is here 

firstly discussed. 

4.1 Inverter modelling equation  

The converter output line-to-ground voltages are 

related to the switching states and the dc link 

voltage by the equation [9, 10, 11]: 

1

ag a

dc

bg b

ccg

V S
V

V S
n

SV

   
     

=     −      

  (40) 

Where Vag, Vbg, Vcg are the phase nodes a, b, c to 

the negative rail of the dc bus, Vdc is the dc bus 

voltage, n is the number of levels (and in this case 

equals 3) and Sa, Sb, Sc are the switching states. 

The switching states is however determined by 

Pulse width Modulator, hence depicts the inverter 

output.  

The line-to-neutral voltages are determined 

directly from the line-to-ground voltages using the 

equation 
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= − −     
    − −    

 (41) 

4.2 Transformation Block 

The three phase voltages variables in ‘abc’ 

obtained from either the power utility or the PWM 

inverter source is converted to the rotating 

reference frame using: 

1 1

3 3

1 0 0

0

0 0 0

s

qs a

s

ds b

s

o c

V V

V V

V V

    
    

= − −    
        

 (42) 

cos sins s

qs qs r ds rV V Vθ θ= −  (43) 

sin cos
s s

ds qs r ds rV V Vθ θ= −  (44) 

These sets of equations are implemented in the 

simulink environment by the use of basic simulink 

function blocks as shown in Fig. 2 

The entire block in figure 2 is easily cast into a 

single subsystem block identified as abc_dq in 

figure 7. 

In a similar way, the inverse transformation of the 

dq component can be done to obtain the phase 

variables (e.g current) using the following 

equations. 

 

Fig. 2: abc to dq transformation block 



 

cos sin
s

qs qs r ds rI I Iθ θ= +  (45) 

sin coss

ds qs r ds rI I Iθ θ= − +  (46) 

and 

31
2 2
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1 0
a
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b
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I
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I

I

  
    

= − −    
    −   

 (47) 

This is likewise created in the simulink 

environment by using the function, signal routing, 

multiplexer blocks all listed under the simulink 

commonly used blocks. Equations 44, 45, 46 are 

then arranged in simulink worksheet as in Fig.3. 

Figure 3 is also made a single block subsystem 

dq_abc, and it is basically used to extract phase 

quantities from the dq components.  

 

Fig. 3: dq to abc transformation block 

4.3. dq model of the six phase Induction 

Machine 

This model is developed by following the signal 

flow diagram of Fig. 1. This has been grouped into 

the d and q subsystems. Each block within the d 

and the q subsystem are simply taken and built one 

after the other using the function blocks, Mux, and 

the integral blocks. As an example, the blocks that 

implement the q-subsystem of the six phase 

induction machine is as shown in figure 4. 

 
Fig. 4: Q-axis subsystem 

It is clearly seen from figure 4 that most of the 

blocks are presented as a subsystems, each of 

which is used to solve the equation as labelled in 

figure 1. As an example, the subsystem LAMQ1 in 

figure 4 is used to solve equation (33) and its 

internal details is presented in figure 5.  

Similarly, the internal detail of the subsystem that 

solves equations (19) and (38), that is, the 

mechanical part of the machine is shown in fig. 6 

 
Fig. 5: Internal detail of subsystem LAMQ1 

 
Fig. 6 Internal detail of the subsystem that 

implement the mechanical part of the machine 

Furthermore, the PWM three level inverter voltage 

sources is achieved using the simulink model block 

of figure 7. 

This format of implementation is carried out for 

each block that forms a subsystem as indicated in 

figure 1. When all these subsystems are built, they 

are combined together to form the complete 

simulation model for the six phase split winding 

induction machine shown in figure 8. 

 
Fig. 7: PWM inverter voltage source 

4.4 Data Input to the model References 

Following a successful preparation of the simulink 

model, necessary machine data obtained from 

experimental data has to be allocated to every 

element already used in the model. This is 

achieved by the listing of these data in a Matlab M-

file that is configured as an input into the simulink 

model. This M-file forms the initialisation 

characteristics in the workspace from which the 

simulink models will extract all its necessary 

information for the effective simulation of the 

model.  



 
Fig.  8: Complete Simulink model for six phase induction Machine 

5.0 Simulation Results 

The six–phase machine discussed in this paper 

was simulated with two different sources, first 

with a direct ac start up and secondly as an 

inverter fed machine. The free acceleration 

characteristics are as displayed respectively in 

figures 8 and 9. The figures include the rotor 

speed, torque and the three phase currents of the 

machine as well as the inverter source voltage. It 

is observed that the machine comes to steady state 

in about 0.6secs. 

The dynamic behaviour of the machine was 

likewise examined with the application of a step 

load torque of 1.0 p.u at a time of 2 seconds.  The 

dynamic response of the machine is clearly 

displayed in figure 10(a-d). This is displayed only 

for the PWM inverter voltage source. The steady 

state characteristics of this machine can easily be 

extracted from these characteristics. In addition, 

the model simulated in this paper can also be 

arranged for different control arrangement as may 

be desired

(a) 

(b) 

(c) 

(d) 

Fig. 8: Free acceleration characteristics of six 

phase induction machine using direct ac source 

(a) 

(b) 

(c) 

(d) 

Fig. 9: Free acceleration characteristics of six 

phase induction machine with PWM three inverter 

source. 



(a) 

(b) 

(c) 

(d) 

Fig. 10: Dynamic response with the application 

of TL=1.0 p.u at time 2secs.(a) Rotor speed, 

Load Torque, (b) Electromagnetic Torque, 

Load torque, (c) winding current, rotor speed 

(d) Inverter source voltage, winding current 

5. Conclusions 
This paper demonstrates the stepwise 

development of Matlab/Simulink model to 

simulate the starting and dynamic behaviours of 

six-phase split winding induction machines. The 

free acceleration characteristics as well as the 

dynamic response to load variation were tested on 

the simulation and the results were likewise 

displayed. The steady state voltages and current 

were extracted and displayed. The poor factor of 

this machine under no load condition is easily 

observed from Fig.10 (d). The simulink 

implementation in this work provides access to 

various internal variables so as to be able get an 

insight into the machine operation. The 

performance of the machine was simulated with 

both direct ac and a three level inverter voltage 

source inputs. 
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