
 

 

 

Abstract—This paper presents a performances study of a Direct 

Torque and Flux Control (DTC) for a Six Phase Induction Machine 

(SPIM) dedicated to electrical drives using a two level voltage source 

inverter (VSI). This method has become one of the high performance 

control strategies for AC machine to provide a very fast torque and 

flux control. The simulation results show the effectiveness of the 

proposed method in both dynamic and steady state response.  

 

Keywords— Six Phase Induction Machine (SPIM), Direct 

Torque Control (DTC), Voltage Source Inverter (VSI), Hysteresis 

comparator.  

I. INTRODUCTION 
 

 

HE power rating of an AC drive system can be increased by 

using high phase order drive system (multiphase machine) 

which has more than three phases in the stator of the machine. 

High phase order drive systems possess several advantages 

over conventional three-phase drives, such as reducing the 

amplitude and increasing the frequency of torque pulsation, 

reducing the rotor harmonic currents, reducing the current per 

phase without increasing the voltage per phase, and lowering 

the DC-Link current harmonics and high reliability. 

Otherwise, losing of one or more phases in a high phase order 

drive system does not prevent the machine from starting and 

running [1]. 

A common type of multiphase machine is the Six Phase 

Induction Machine (SPIM), also known as the dual star 

induction machine. This machine has been used in many 

applications where high reliability and high power is 

demanded such as  aerospace applications, electric/hybrid 

vehicles, ship propulsion, rolling mills, cement mills, mine 

hoists … etc [1], [2]. 
 

   The direct torque control (DTC) method was proposed in the 

middle of 1980 by I.Takahashi [3], this method has become 

one of the high performance control strategies for AC machine 

to provide a very fast torque and flux control. The name direct 
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torque control is derived by the fact that, on the basis of the 

errors between the reference and the estimated values of 

torque and flux, it is possible to directly control the inverter 

states in order to reduce the torque and flux errors within the 

prefixed band limits [4], [5]. 
 

   This paper is organized in six sections. The SPIM model is 

presented in the next section. The control method by DTC will 

be discussed in section three and four. In the fifth and sixth 

section we present the simulation results. Finally, a general 

conclusion summaries this work. The simulation results are 

obtained by using Matlab/Simulink. 

 

II. SPIM MODEL 

    If A schematic of the stator and rotor windings for a 

machine dual three phase is given in Fig. 1. The six stator 

phases are divided into two wyes-connected three phase sets 

labeled As1, Bs1, Cs1 and As2, Bs2, Cs2 whose magnetic 

axes are displaced by an angle α=30°. The windings of each 

three phase set are uniformly distributed and have axes that 

are displaced 120° apart. The three phase rotor windings Ar, 

Br, Cr are also sinusoidally distributed and have axes that are 

displaced apart by 120° [6], [7].     

The following assumptions are made: [8], [9]: 

-Motor windings are sinusoidally distributed;  

-The two stars have same parameters; 

-The magnetic saturation, the mutual leakage   inductances 

and the core losses are negligible; 

Flux path is linear. 

The voltage equations of the dual star induction machine are 

as follow [10], [11]: 
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Where:  

 Rsa1 = Rsb1 = Rsc1 = Rs1: Stator resistance 1.    

 Rsa2 = Rsb2 = Rsc2 = Rs2: Stator resistance 2.    

 Rra = Rrb = Rrc = Rr: Rotor resistance. 
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(3)  

The expressions for stator and rotor flux are [10]:  
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(4) 

 

Where:  

[Ls1s1]: Inductance matrix of the star 1. 

[Ls2s2]: Inductance matrix of the star 2. 

[Lrr]: Inductance matrix of the rotor. 

[Ls1s2]: Mutual inductance matrix between star 1and star 2. 

[Ls2s1]: Mutual inductance matrix between star 2and star 1. 

[Ls1r]: Mutual inductance matrix between star 1 and rotor. 

[Ls2r]: Mutual inductance matrix between star 2 and rotor. 

[Lrs1]: Mutual inductance matrix between rotor and star 1. 

[Lrs2]: Mutual inductance matrix between rotor and star 2. 

 

The expression of the electromagnetic torque is then as 

follows [10],[12], [13]: 
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(6) 

The Park model of the dual star induction machine in the 

references frame at the rotating field (d, q), is defined by the 

following equations system (6) [6]. 

The figure 2 represents the model of the SPIM in the Park 

frame. 
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Fig. 2 Representation of SPIM in the Park frame 
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Fig. 1 Windings of the Six Phase Induction Machine 
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Lm: Cyclic mutual inductance between stator 1, stator 2 and 

rotor. 

The mechanical equation is given by: 
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III. DIRECT TORQUE CONTROL 

 

The Direct Torque Control (DTC) method allows direct and 

independent electromagnetic torque and flux control, selecting 

an optimal switching vector [14]. The Fig.3 shows a block 

diagram of the DTC scheme applied to the SPIM. The 

reference values of flux (s*) and torque (Tem*) are 

compared to their actual values and the resultant errors are fed 

into a two level hysteresis comparator for the flux and three 

level hysteresis comparator for the torque, who allows 

controlling the motor in the two directions of rotation (Fig.4). 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

For the stator flux vector laying in sector 1 (Fig.5), in order 

to increase its magnitude, the voltage vectors V1, V2, and V6 

can be selected. Conversely, a decrease can be  obtained by 

selecting V3, V4 and V5. However, to increase the 

electromagnetic torque the voltage vectors V2, V3 and V4 can 

be selected and a decrease can be obtained by the vectors: V1, 

V5 and V6.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The stator flux and the electromagnetic torque expression 

are given by [15]: 

 

sos VsTe   )(
                                               

 (10) 

 

)(sin   . .Tem  rsKc
                           

(11) 

 

Kc: constant depending on the parameters of the machine. 

γ: Angle between the two vectors stator and rotor flux. 
 

The application of zero voltage vectors (V0 and V7) stops 

the rotation of the stator flux vector s. However, the rotor 

flux r continues its evolution and try to catch up the stator 

flux. Thus, the angle γ between stator and rotor flux will 

Fig. 3 Block diagram of Direct Torque Control for SPIM 
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decrease and the electromagnetic torque decreases slowly.  
 

The switching table allows to select the appropriate inverter 

switching state according to the state of hysteresis 

comparators of flux (cflx) and torque (ccpl) and the sector 

where is the stator vector flux (s) in the plan (α, β), in order 

to maintain the magnitude of stator flux and electromagnetic 

torque inside the hysteresis bands. The above consideration 

allows construction of the switching table as presented in 

Table 1. 

 

 

 
 

IV. SIMULATION RESULTS 

 

In order to test the validity of the direct torque control, and 

to prove that the speed follows the variations of the torque, we 

removed the regulation loop speed and we imposed a 

reference torque, the results obtained are shown in Figure 6.   

 

   The simulation results show that the stator current (isa1) 

has a good response to the variations imposed by the torque, 

and it maintains a shape near to the sinusoid. The stator 

current is quickly stabilized without overtaking. 

The speed responds without overtaking to the torque 

variations, the trajectory of the field extremity is practically 

circular, and its amplitude is constant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6 DTC of SPIM Without speed regulation 

 

Table 1: Switching table with zero voltage vectors 
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We introduce now the regulation loop speed for obtained a 

reference torque. The simulation results are given in Figure 7.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

The speed reaches its reference value (300 rad/s) after (1s) 

without overtaking. The perturbation reject is achieved at 

(0.8s). At t=1.5s, we applied a load torque (14 N.m), the stator 

current increase (4.3A) and the machine developed an 

electromagnetic torque for compensate the load torque, it 

reaches at starting (30 N.m). The excellent dynamic 

performance of stator field is evident.   

 

V. ROBUSTNESS TESTS  

 
 

The robustness of the Direct Torque Control of the SPIM is 

visualized for two tests: the first is the variation of speed; the 

second is the load variation. 

The simulation results obtained are given in Figure 8 

 

 

 

 

 

 

Fig. 7 DTC of SPIM with load torque (14 N.m) between [1.5 3] s 
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The simulation results show that the speed and the torque 

follow their reference values (wref=100, 200 and -100 rad/s; 

Tref=0, 10 and 14 N.m) without overtaking. The response of 

the system is positive, and the DTC proved his robustness. 

 

VI. CONCLUSION 

 
 

In this paper we are presented a Direct Torque Control 

(DTC) for a Six Phase Induction Machine (SPIM) drive using 

a PI regulator. This control scheme allows direct and 

independent electromagnetic torque and flux control, selecting 

an optimal switching vector. The simulation results show that 

the DTC present a good dynamics performances (fast torque 

and flux response, speed without ouverking,…). The proposed 

scheme proved his robustness with speed and load variation.   

 

 

 

 

REFERENCES 

 

[1] Lin C, Kang-Ling F (2003). A Novel Direct Torque Control for Dual-

Three-Phase Induction Motor. Proceedings of the Second International 

Conference on Machine Learning and Cybernetics, Xi'an, 2-5 November     

(IEEE), 876-881, (2003). 

[2] Zhao Y, Lipo T A (1995). Space Vector PWM Control of Dual Three 

Phase Induction Machine Using Vector Space Decomposition. IEEE 

Trans. Ind. Appl, (31),     1100-1109, (1995). 

[3] Takahashi I, Noguchi T (1986). A New Quick-Response and High 

Efficiency Control Strategy of an Induction Motor. IEEE Trans on IA, 

(22), No.5, Sept/Oct, 820- 827, (1986).  

[4] Lee H H, Nguyen M (2004). Matrix Converter Fed Induction Motor 

Using a New Modified Direct Torque Control Method. The 30th Annual 

Conference of the IEEE Industrial Electronics Society, November, 

Korea, 2301-2306, (2004). 

[5] Casadei D, Profumo F, Serra G, Tani A (2002). FOC and DTC: Two 

Viable Schemes for Induction Motors Torque Control, IEEE 

Transactions on Power Electronics, 17(5), September (2002). 

[6] Chen Z, Williamson AC (1998). Simulation Study of a Double Three 

Phase Electric Machine, International conference on Electric Machine 

ICEM’98, 215-220,  (1998).  

[7] Singh G K, Nam K, Lim S K (2005). A simple indirect field-oriented 

control scheme for multiphase induction machine, IEEE Trans. Ind. 

Elect, 52(4), 1177–1184,  August (2005). 

[8] Vidal P (2004). Commande non-linéaire d’une machine asynchrone à 

double alimentation, Thèse de Doctorat de l’Institut National 

Polytechnique de Toulouse,  France, Décembre (2004). 

[9] Bojoi R, Lazzari M, Profumo F, Tenconi A (2003). Digital Field-

Oriented Control for Dual Three-Phase Induction Motor Drives, IEEE 

Transactions On Industry Applications, 39(3), May/June (2003).  

[10] Berkouk E M, Arezki S (2004). Modélisation et Commande d’une 

Machine Asynchrone Double Etoile (MASDE) Alimentée par Deux 

Onduleurs à Cinq  Niveaux à Structure NPC, CNGE,Tiaret,Algérie 

(2004).   

[11] Ghalem B, Azeddine B (2010). Six-Phase Matrix Converter Fed Double 

Star Induction Motor, Acta  Polytechnica Hungarica 7(3), 163-176 

(2010).     

[12] Hadiouche D (2001). Contribution à l'étude de la machine asynchrone 

double étoile : modélisation, alimentation et structure, Thèse de Doctorat 

de l’Université Henri Poincaré, Nancy- I, France, décembre (2001).   

[13] Igoudjil Y, Boudjema Y (2006). Etude du changeur de fréquence à cinq 

niveaux à cellules imbriquées. Application à la conduite de la machine 

Asynchrone à Double Etoile, Mémoire d’ingéniorat de l’USTHB 

d’Alger, Algérie, Juin (2006).    

[14] Silva N M, Martins A P, Carvalho A S (2002). Torque and Speed Modes 

Simulation of a DTC Controlled     Induction Motor, the 10th 

Mediterranean Conference on Control and Automation-MED2002 

Lisbon,  Portugal, July (2002).  

[15] Zaimeddine R (2007), Contrôle Direct du Couple d’une Machine 

Asynchrone Alimentée par de Onduleurs Multi-niveaux, Thèse de 

Doctorat de l’école nationale polytechnique d’Alger, Algérie, juillet 

(2007).    

 

 

 

 

 

 

 

0 1 2 3 4 5 6
-200

-100

0

100

200

Time(s)

S
p
e
e
d
(r

a
d
/s

)

Fig. 8 DTC of SPIM with speed and load variation   
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Table I. DTPIM Parameters 

 
Pn 

[kw] 
4.5 

Rr   

[] 
2 .12 

J 

[kg.m²] 
0.0625 

Vn     

[V] 
220 

Ls1 

[H] 
0.022 

Kf 

[Nms/r] 
0.001 

In [A] 6.5 
Ls2 

[H] 
0.022 f [Hz] 50 

Rs1      

[ ] 
3.72 

Lr 

[H] 
0.006 p 1 

Rs2      

[ ] 
3.72  

Lm 

[H] 
0.367 Cos φ 0.8 
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