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Abstract— This paper proposes a novel vector control strategy 
for Direct torque controlled current source inverter fed 
induction motor drives. The choice of the inverter switching 
vector is based on angular position of stator flux or rotor flux 
and on the reference and the motor current vectors in the 
switching vector plane. The performance of this control 
method has been demonstrated by simulations performed 
using a versatile simulation package, MATLAB / SIMULINK. 
The results prove the excellent characteristics for torque 
response and efficiency, which confirm the validity of this 
control scheme. 
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INTRODUCTION 
 

ariable speed AC motor drives have been continuously 
developed during the last decades owing to the 

advances in power electronics, control theory and 
microprocessors technology. In recent industrial 
development, induction motor is widely used for variable 
speed control system, which requires a precise and quick 
torque response. An improvement of the drive performance 
can be obtained using a new direct torque control algorithm 
based on the application of the space vector modulation [1-
3]. The Direct Torque Control (DTC) technique has been 
recognized as viable method to provide a very quick and 
precise response, where minimum switching frequency and 
hence maximum efficiency is guaranteed and fully de-
coupled control loops as well. Direct torque control is one 
of the actively researched control schemes which are based 
on the de-coupled control of flux and torque when the exact 
vector of stator flux is known. The basic concept of direct 
torque control of induction machines is investigated in 
order to emphasize the effects produced by a given current 
vector on stator flux and torque variations. In DTC, the 
torque and stator flux are regulated to their command 
values by  selecting the switching state which gives the 
proper changes in the torque and flux. There have been 
some DTC-based strategies, e.g. current-vector selection 
using switching table, direct self-control, and space-vector 
modulation [4-7]. Among them, the current-vector 
selection strategy using a switching table is widely 
researched and commercialized, because it is very simple 

in concept and easy to be implemented. The proper current 
vector selection is based on the error in electromagnetic 
torque, error in stator flux and the position of the stator flux 
vector. In the conventional DTC scheme the system makes 
no difference between a very small and relatively large 
error of torque and/or flux. The switching states chosen for 
the large error that occurs during the startup or during a 
step change in torque command or even flux command are 
the same that have been chosen for the fine control during 
normal operation. This may cause a lightly slower response 
during the start-up and during a step change in electric 
torque or stator flux. This was the reason of attempting to 
propose a new approach for direct torque control (DTC) 
based on "If the ranges in which the torque error exists and 
the range in which the flux error exists are considered when 
choosing the switching state, the system response can be 
improved using different error levels".  

To overcome above mention drawbacks different 
solutions are discussed here in section II basic concept of 
CSI Direct Torque Control principles with advanced flux-
torque estimator. In section III a new dynamic torque 
control for induction motor with direct torque control is 
introduced. The simulation circuit models and results are 
discussed in section 

1. DIRECT TORQUE CONTROL PRINCIPLES 

An easy way to comply with the conference paper 
formatting requirements is to use this document as a 
template and simply type your text into it. 

A    Conventional DTC for CSI-fed induction motor                

In a direct torque controlled induction motor drive 
supplied by current source inverter (Figure 1) it is possible 
to control directly the modulus of the rotor flux-linkage 
space vector through the rectifier voltage, and the 
electromagnetic torque by the supply frequency of the CSI 
[5]. 

The inputs to the optimal switching table are the 
output of a 3-level hysteresis comparator and the position 
of the rotor flux-linkage space vector. As a result, the 
optimal switching table determines the optimum current 
switching vector of current source inverter. 

V
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Fig. 1 Conventional DTC CSI-fed IM drive 

In the classical DTC, there are several drawbacks. Some 
of them can be summarized as follows:  

− Sluggish response (slow response) in both start up and 
changes in either flux or torque.  

− Large and small errors in flux and torque are not 
distinguished. In other words, the same vectors are 
used during start up and step changes and during 
steady state.  In order to overcome the mentioned 
drawbacks, there are different solutions, which can be 
classified as follows:  

− Non artificial intelligence methods, mainly 
"sophisticated tables".  

− Predictive algorithms, used to determine the switching 
voltage vectors. A mathematical model of the 
induction motor is needed. Electromagnetic torque 
and stator flux, are estimated for sampling period for 
all possible inverter states. Then, the predictive 
algorithm selects the inverter switching states to give 
minimum deviation between the predicted value of 
the electromagnetic torque and the reference torque.  

− Fuzzy logic based systems.  
Algorithm proposed in this paper could be classified in 

the first category since the same flux vector sector seeker is 
used, but with some other modifications that will be 
explained in the next sections.  

B    Input and Control Variables  
The input variables of the proposed algorithm are motor 

torque Te* and rotor flux amplitude λr*, as in the case of 
basic DTC. Control variables are current components in 
synchronous reference frame isd* and isq* and phase angle 
between them (ߠs). D-axis component isd* is determined as 
the output of the PI rotor flux controller, while q-axis 
component isq* is calculated from the input variables and 
motor parameters: 

 
∗࢙ࢗ࢏ = ૛࢘ࡸ

૜࢓ࡸ࢖
∗ࢋࢀ      (1) 

 

Where Lr is rotor inductance, Lm is mutual inductance 
and p denotes pair of poles.  

Phase angle ߠs and rectifier reference current iref are 
obtained as a result of rectangular to polar coordinate 
transformation: 
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C    Flux and Torque Estimator  

  The main feedback signals in DTC algorithm are 
the estimated flux and torque. They are obtained as outputs 
of the estimator operating in stator reference frame. This 
estimator at first performs EMF integration to determine 
the stator flux vector: 

 
ܛܛ܌ૃ = ܛܛ܌܄)∫ − ܛܛ܌ܑܛ܀  (5)      ܜ܌(
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and then calculates the flux amplitude and find the sector 

of 60 degrees in α-β plane where flux vector resides, 
according to the partition shown in Figure 2. 

In that case six intervals of 60 degrees can be defined in 
which the current and the voltage changes its values. In 
every interval the current from DC link flows through two 
inverter legs and two motor phase windings. 

 

Fig. 2 Sectors in   plane where rotor flux resides 

From the stator output current and voltage, pure 
integrator in (5) and (6) yields flux vector.  

 
The trajectory of λs is exactly circular, it is important to 

note that the dynamics of stator flux estimation do not 
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depend on the response of the offset estimator. The 
estimated rotor flux is calculated from the stator flux 
estimate using motor parameters and reconstructed stator 
current: 
 

࢙ࣅ       = ටቂ(࢙࢙ࢊࣅ )૛ + ൫࢙࢙ࢗࣅ ൯
૛
ቃ    (9) 

 
and its position in α-β reference frame is determined by: 

 
ࢋࢲ                     = ૚ି࢔ࢇ࢚ ൬࢙ࢊࣅ
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Finally, from the estimated stator flux and current vector 
the motor torque is: 

 
ࢋࢀ        = ૜

૛
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Where the stator flux and current vectors are given in 
synchronous α-β frame and p denotes the number of poles. 
 

2. PROPOSED DTC CONTROL SCHEME FOR CSI 
FED DRIVES 

In high power electrical drives the semiconductor 
devices cannot operate at high switching frequency. As a 
consequence it is not possible to achieve full control of flux 
and torque. The DSC strategy presented in [2] is aimed at 
minimizing the number of commutation in each cycle of 
the supply to the detriment of the flux control. Since the 
flux error is not introduced to the switching table in 
conventional CSI fed induction motor drive, the torque 
error is the only one input in the basic DTC scheme. In 
proposed system the flux error is introduced to the 
switching table.  

The stator flux and Torque calculated from the 
machine terminal voltage and current. The signal 
computation block also calculate the sector number S(k) 
(where k= 1,2,3…6) in which the flux vector λs lies. There 
are six vectors (each π/3 angle wide)as indicated in figure.2 
The current vector table block for the proposed DTC 
system receive the signals s and Te and S(k) and 
generates the approximate control voltage vector 
(switching states) for the inverter by a lookup table which 
is shown in Table1. for the proposed DTC strategy shown 
in Figure 3. Table 1 applies the selected current vector 
which essentially affects both torque and flux 
simultaneously. 

 For example an operation in sector 2 the s = -1 
and Te = +1 the flux is too high and torque is too low 
generate current I4. In same sector 2 the s = +1 and Te 
= +1 and this will generate the I3vector from the table. 
 

 

Fig.3 Proposed DTC-SVM Control scheme for CSI fed IM drive 

TABLE I 
OPTIMUM CURRENT SWITCHING-VECTOR LOOK-UP TABLE 

 
 

3. SIMULATION RESULTS 

A complete drive system has been simulated to study the 
proposed method performance. The proposed current 
control is quite simple and it is not rotated to the machine 
parameter. The investigated speed range 500 rpm with the 
flux reference λ* set its rated value.  

The inverter switching frequency has been set at 5 KHz. 
The comparison results for conventional and proposed 
DTC are shown in figure 4 and 5 in terms of stator current 
Is, stator flux (φs), Torque and speed. 
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Fig. 4 (a) Stator current for Conventional DTC 

 

 
Fig. 4 (b) Stator Flux for Conventional DTC 

 

 
Fig. 4 (c) Torque for Conventional DTC 

 

 
Fig. 4 (d) Speed for Conventional DTC 

 
 

 
Fig. 5 (a) Stator current for Proposed DTC 

 

 
Fig. 5 (b) Stator Flux for Proposed DTC 

 

 
Fig. 5 (c) Torque for Proposed DTC 

 

 
Fig. 5 (d) Speed for Proposed DTC 

 

SIMULINK Outputs for Conventional and Proposed DTC - (a) Stator current (b) Stator Flux (c) Torque (d) Speed 
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4. CONCLUSIONS 
In this paper a new method of Direct Torque Controlled 

CSI fed IM drives has been presented. The simulation results 
prove that the proposed control strategy allows higher 
efficiency and the control loop gains reduced current and 
voltage phase error with torque ripple reduction comparison 
with other methods in the literature. This drive can easily 
operate in the four quadrants. The torque response of the drive 
is claimed to be comparatable with that of a vector controlled 
drive.  

REFERENCES 
[1] I.Takahashi and T.Noguchi, "A New Quick-Response and High-

Efficiency Control Strategy of an Induction Motor", IEEE Trans. on 
Industry Applications, Vol. 22, No. 5, Sept/Oct 1986, pp. 820-827.  

[2] M.Depenbrok, "Direct Self-Control (DSC) of Inverter-Fed Induction 
Machine", IEEE Trans. on Power Electronics, Vol. PE-3, No. 4, Oct. 
1988, pp. 420-429.  

[3] P.Tiitinen, P.Pohjalainen and J.Lalu, “The next generation motor 
control method: Direct Torque Control (DTC)”, EPE Journal, Vol. 5, 
No. 1, March 1995, pp. 14-18.  

[4] G.Buja, D.Casadei and G.Serra, “Direct Stator Flux and Torque 
Control of an Induction Motor: Theoretical Analysis and Experimental 
Results”, in Proceedings of the IEEE International Conference on 
Industrial Electronics IECON '98, vol. 1, pp. T50-T64.                                                               

 
[5] P.Vas, Sensorless Vector and Direct Torque Control, Oxford, U.K., 

Oxford University Press, 1998.  
[6] I.Boldea, “Direct Torque and Flux (DTFC) of A.C. Drives: A Review”, 

in Proceedings of the 9th Conference EPE-PEMC 2000, vol. 1, pp. 88-
97.  

[7] D.Casadei, G.Serra, A.Tani, L.Zarri and F.Profumo, “Performance 
Analysis of a Speed-Sensorless Induction Motor Drive Based on a 
Constant-Switching-Frequency DTC Scheme”, IEEE Transactions on 
Industrial Applications, Vol. 39, No. 2, 2003, pp. 476-484.  

[8] A.B.Nikolic, B.I.Jeftenic, “Speed Sensorless Direct Torque Control 
Implementation in a Current Source Inverter Fed Induction Motor 
Drive”, in Proceedings of the 35th IEEE Power Electronics Specialist 
Conference, PESC 2004, Aachen, Germany, June 2004.  

[9] J.Holtz, “Drift- and Parameter-Compensated Flux Estimator for 
Persistent Zero-Stator-Frequency Operation of Sensorless-Controlled 
Induction Motors”, IEEE Transactions on Industrial Applications, Vol. 
39, No. 4, July-August 2003, pp. 1052-1060.  

[10] A.Nikolic, B.Jeftenic, “Precise Vector Control of CSI Fed Induction 
Motor Drive”, European Transactions on Electrical Power (ETEP), 
John Wiley & Sons USA, Issue 2, Volume 16, pp. 175-188, March 
2006.  

[11] A.Nikolic, B.Jeftenic, “Fixed-point DSP algorithm for flux vector 
estimation in DTC IM drive”, in Proceedings of the IEEE Region 8 
EUROCON Conference, EUROCON 2005, Belgrade, Serbia & 
Montenegro, November 21-24, 2005.pp. 740–741, August 1987 
[Digests 9th Annual Conf. Magnetics Japan, p. 301, 1982]. 
 
 

 


