
International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Special Issue, June-2015 

Implementation Of A Direct Torque Control Algorithm For Induction Motor Drives For Fast Torque Response 
 

161 

IMPLEMENTATION OF A DIRECT TORQUE CONTROL 
ALGORITHM FOR INDUCTION MOTOR DRIVES FOR FAST 

TORQUE RESPONSE 
 

NEHA D. BAIS, 
Mtech (IPS) from G.H.Raisoni College of 

Engineering , 
Nagpur, nehabais84@gmail.com 

J.G.CHAUDHARI, 
Asst Prof Electrical Engineering G.H Raisoni 

college of Engineering, 
Nagpur,  jagdish.choudhari@raisoni.net 

 
Abstract- The Previously used  conventional DTC 
for Induction motor speed control was robust and had 
good dynamic performance. Apart from this the 
conventional system also had  certain shortfalls 
.These include the deviating switching frequency 
with  hysteresis bands and also it cannot optimally 
decide the selection of the voltage vector . As the 
band limits of  hysteresis controllers for torque and 
flux remain fixed  the torque and flux ripples are 
high. Hence here we try to find a new and fast direct 
control technique with fast torque response and 
constant switching frequency  by optimizing the 
selection of the voltage vectors to give maximum rate 
of torque increase. 
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I. INTRODUCTION  
 
Induction motors have a wide industrial application. 
When compared  to DC motor,  induction motor is far 
simple in construction, rugged can be used in 
explosive environment, requires low maintenance, 
reliable and economical. However DC motors have 
inherent quality of efficient controlling hence it 
dominated the application requiring efficient and 
accurate speed control. Efficient and precise control 
of machines require independent control of flux as 
well as torque, while the DC drives inherently have 
an independent control , induction motor drives do 
need to control the speed by applying various types of  
methodologies.  
The Direct Torque Control technology was proposed 
by  M.Depenbrock and Takahashi in around   1985. 
Prior to this Field Oriented control  technology was 
used for the control of induction. Later with the 
introduction of DTC, it was realized that FOC is far 
complex technique which requires a large number of 
transformations making the overall control system 
complex. Also was found to advantageous as 
compared to FOC in respect to absence of mechanical 
transducer, no requirement of co-ordinate 
transformation ,and  a very simple control scheme 
with less computational time, lesser parameter 
sensitivity . The DTC controls directly the stator flux 
and torque by optimum inverter switching technique. 
That voltage vector is selected which gives the 
optimum value of flux and torque.It is based on a 
switching table wherein a hysteresis band is specified 

to limit the flux and torque errors. In DTC torque and 
flux estimation is dependent only on stator resistance 
which reduces the parameter sensitivity. This is 
because the rotor  time constant is far greater than the 
stator time constant. . Basically   the  DTC scheme 
simply consists of DTC controller, torque and flux 
calculator and voltage source inverter. 
 
II. LITERATURE REVIEW 

 
The reference [2] have proposed a method having the 
advantage of minimizing line current harmonics 
however it needs  rigorous  computations. The 
reference [3] introduced another simple  method that 
is capable of achieving  fast torque response however 
is suitable to steady state .Apart from this the output 
currents contains  high current harmonics. The below 
mentioned reference [4]  has reviewed DTC strategies  
using  PWM inverter-fed ac motor drives and it also 
makes a comparison of DTC and FOC while DTC is 
becoming a popular  alternative to Field Oriented 
Control (FOC) .A variety of techniques  have been 
discussed, being conceptually different ,the 
techniques include  switching table based DTC, direct 
self control,  DTC with SVM etc . The reference [5] 
proposes a method that offers output current with low 
current harmonics, but its limited to only  steady-state 
operation and requires much  more computations. The 
reference [6]  introduced a new (DTFC) direct torque 
and flux control strategy, it uses space vector 
technique for modulation and two PI regulators are 
also an inherent part. This paper introduces a new 
direct torque and flux control based on space-vector 
modulation (DTC-SVM) for induction motor 
sensorless drives. It  reduces  the acoustical noise, the 
torque, flux, current, and speed pulsations during 
steady state. The reference [7] Direct self-control 
(DSC) depicts way  of signal processing that gives  
good dynamic performance converter-fed three-phase 
machines. The reference [8] scheme is based on limit 
cycle control of both flux and torque using optimum 
PWM output voltage; a switching table is employed 
for selecting the optimum inverter output voltage 
vectors so as to attain as fast a torque response, as 
low an inverter switching frequency, and as low 
harmonic losses as possible. The efficiency 
optimization in the steady-state operation is also 
considered; it can be achieved by controlling the 
amplitude of the flux in accordance with the torque 
command. Reference [12] is based on constant 
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switching frequency   and   torque controlling   is 
achieved by stator flux acceleration control. The 
stator  flux angle  is controlled  for torque control. 
 
III BASIC DTC 
 
The basic DTC scheme takes an torque reference and 
flux reference which is  fed to hysteresis controller , 
sector selector calculates the sector. The output of 
hysteresis comparators of flux and torque  and output 
of sector selector forms input to the switching table . 
This decides the switching of  inverter that ultimately 
decides whether to accelerate or decelerate the stator 
flux. 
The VSI voltage vectors are transformed to d-q 
stationary reference frame and this becomes input to 
the estimator block. The three phase variables are 
transformed into  d-q axes variables using the 
following transformation  
 

 
                                       Rotor time constant is far 
greater than stator constant hence the  stator flux vary 
quickly compared to rotor flux. The estimation of 
flux and torque depends on the   control variables i.e.  
stator resistance .Hence the control and  estimation of 
these variables turn  simple.. Hence the torque is 
changed at faster rate. At the same time flux 
controller tries to keep the operating flux around the 
reference value. 
                                                                                                                        
The optimal switching logic is applied to torque 
status output and the flux status output. Optimal 
switching logic works on optimum values i.e.  
according to statuses of both flux output and torque 
output , a suitable voltage vector is selected. The 
stator flux loci is divided into only six voltage vectors  
and two zero-voltage vectors. The inverter works on 
this  available voltage vectors. The  switching of the 
voltage source inverter is done in a manner  to limit 
in the torque and flux error inside the hysteresis band  
limits in which the errors are indicated by Te and 
ψe  respectively. The torque and flux errors are 
given by, 
 
 
 
 
 
The stator voltage vector will be 

 
              The stator flux along d- and q-axis  given by the 

Equations. 

 

 
Final estimated  Flux is given by   
 

 
                               The location of the stator flux 
linkage should be known so that the appropriate 
voltage vector is selected depending upon the flux 
location. 

 
The electromagnetic torque can be expressed as 

 
The estimatator   estimatates the  torque and stator 
flux which is then compared with the reference torque 
and stator flux. This generates difference between the 
two i.e  torque error and flux error.The error values 
are  checked in the hysteresis comparator and 
according to the conditions appropriate actions are 
taken. 
In the flux hysteresis comparator output  is  1 , i.e the 
reference value is greater than actual value, if it is -1 
implies reference value is less than actual. This is also 
shown below, 

Hψ =  1;    ψ> +HBψ 
Hψ = -1;    ψ> -HBψ 

                       
  Similarly output of the torque hysteresis block 
output is one of the three 1,0 or -1 according to the 
error. 
 
 
 
 
 
The Hysteresis comparator states HT and  Hψ 
together with the sector number S(i) are used by the 
switching table block to choose suitable voltage 
vector 
 

 
 
The Voltage source inverter is supplied with the 
voltage as directed by the resultant from the 
switching table. In DTC it is quite simple since no 
pulse width modulation is employed , the output 
device stay in the same state during the entire sample 
period. The stator voltage space vector is given by  

Te= Te*-Te 
ψe= ψe*-ψe 

HT = 1;    T> +HbwT 
HT = 0;    T> -HbwT 
HT = -1;   T> +HbwT 
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IV   NEW FAST DTC TECHNIQUE     
 
In the basic  DTC ,  the  basic function of  flux and 
torque hysteresis controllers is to control stator flux 
and motor torque. Final  stator flux ψs calculated   
and a comparison of reference value and estimated 
value is made the deviation between the two i.e.  the 
error is becomes the input to hysteresis controllers. 
The stator flux is  ideally follows a circular path thus 
the stator flux is meant to follow  the same by 
limiting its magnitude within the hysteresis band. 
When the stator flux approaches to cross the pre-
specified  upper or lower hysteresis band limits , then  
such a   voltage vector is selected that can limit the 
flux within the limits either by increasing or 
decreasing it as per requirement of the conditions.. 
The output of the flux hysteresis comparator is the 
flux error  . When  flux error is  “1” is an indication 
of requirement of  increasing  the  flux, and when its 
output is  0 it leads to  decrease in flux.  To estimate 
the position of voltage vector , a sector selector block 
is implemented which defines the sector where the 
voltage vector belong to. 
The plane of  the stator flux consists of  six equal 
sectors  (each 60 degrees)  containing voltage vectors  
1 to 6 (non –zero equal magnitude), whereas vectors 
0 and 7 are zero voltage vectors. Hence each sector 
will offer a different set of vectors for increasing or 
decrease the flux. The fig 2 shows the selection of  
different voltage vectors to maintain the stator flux 
within the hysteresis band limits. The conventional 
DTC however falls inefficient in this respect due to 
absence of the feature optimisation in selecting the 
voltage vectors inside the flux hysteresis band due to 
the nature of hysteresis controllers.  
In Fig. 2 a plot of stator flux along the d-q axes is 
plotted. The inverter intial voltage vector selected is 
shown to be V4, now for the second switching instead 
of repeating the same vector an optimum value is 
selected by selecting the vector V3 an optimum value 
required at time instant according to vector division 
in flux plane is selected as shown in fig. This leads to 
meeting the objective of  fast torque response. The 
inverter voltage  which is selected by this 
optimization is given by  

 

 
Fig 2 Possible stator flux vector trajectory  inside 
the hysteresis band with DTC 

A] Control Algorithm : 
The control algorithm shown in figure depicts the 
processing of proposed DTC technique. At a constant    
sampling time the control algorithm is bound to work. 
To achieve fast torque response the  optimum value 
of inverter switching is found out. Based on the 
equations the values of stator flux vector , the motor 
torque (T) and the rotor flux vector angle  are 
estimated  by knowing the  phase currents at motor 
input. The estimated values of flux and torque are 
compared with the reference values  , the resultant 
flux and torque errors respectively are fed to 
hysteresis controllers . If the torque error is equal to 
or greater than zero then it is bound to select V0 or 
V7 which are zero voltage vectors. Else if the toque 
error is less than zero vector. However, if it is less  
than zero, then one amongst the six non voltage 
vectors is selected which depends on the flux error 
(ψ).  And in case if it falls  out of the specified 
hysteresis band, then it  gives the same voltage vector 
as the conventional DTC. However, if the flux error 
is inside the band, as shown in fig 2 a comparative 
analysis  of vectors to be selected and amongst them 
which is best suitable to give optimal output is finally 
selected.  
 

 
Fig 3 Proposed control algorithm 

 
IV. SOFTWARE IMPLEMENTATION 

                                     
A MATLAB model is prepared based on the control 
algorithm. The parameters related to  induction motor 
are specified in table 1 below. The width of the 
hysteresis band is set to  ± 0.04 Wb  for the flux 
comparator and ± 0.4 Nm for the torque comparator. 
Maximum step size of 0.001 µsec  is used in this 
simulation. 
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          Table 1 :  7.5 KW ,4 Pole, 400V , 60 Hz 

 
 

 
Fig 4 Simulink model of proposed DTC 

   
A] Simulation Results 
The resultant currents ,torque and speed output of 
Induction motor as well  as the variation in three phase 
stator currents, rotor angle and torque error with time 
are also shown in figures below. 
 

 
Fig 5 Output Stator  Currents  id   and iq 
 

 
   Fig 6  Final Speed of induction motor 

 

Fig 7 Torque Error variation with time 
 

 
Fig 8 Final Torque output of  Induction motor  
   

 
Fig 9  Rotor angle variation with time(sec) 
 

 
Fig  10 Stator current variation with time(sec) 
 
CONCLUSION             
 
A new DTC  method have been proposed wherein, 
the shortfalls of the basic DTC system of variable 
switching frequency and slower torque response are 
considered and tried to be improved. The proposed 
system aims  at achieving superior performance of 
induction motor. A model based on the control 
algorithm has been designed and its results are 
studied here 
. 
REFERENCES 
 

[1] S.A. Zaid O.A. Mahgoub K.A. El-Metwally: 
‘Implementation  of a new fast direct torque control 
algorithm for induction motor   drives’IET Electr. 
Power Appl., 2010, Vol. 4, Iss. 5, pp. 305–313. 

[2] Habetler T.G., Profumo F., Pastorelli M., Tolbert L.M.: 
‘DTC of IM using space vector modulation’, IEEE 
Trans. Ind. Appl., 1992, 28, (5), pp. 1045–1053”  

[3] Zhong H.Y., Messinger H.P., Rashid M.H.: ‘A new  
microcomputer-based DTC system for three-phase 



International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Special Issue, June-2015 

Implementation Of A Direct Torque Control Algorithm For Induction Motor Drives For Fast Torque Response 
 

165 

induction motor’, IEEE Trans. Ind. Appl., 1991, 27, (2), 
pp. 294–298 

[4] Buja G.S., KazmierkowskI M.P.: ‘Direct torque control 
of PWM inverter – fed AC motors’, IEEE Trans. Ind. 
Electron., 2004, 51, (4), pp. 744–757 

[5] Flash E., Hoffmann R., Mutschler P.: ‘Direct mean   
torque control of an      induction motor’. EPE, 
Trondheim, 1997,pp. 3.672–3.677 

[6] Lascu C., Boldea I., Blabjerg F.: ‘A modified direct 
torque control for induction motor sensor-less drive’, 
IEEE Trans. Ind. Appl., 2000, 36, (1), pp. 122–130 IET 
Electr 

[7] Depenbrock M.: ‘Direct self control (DSC) of inverter 
fed induction machine’, IEEE Trans. Power Electron., 
1988, 3,(4), pp. 420–429 

[8] TakahashI I., Noguchi T  : ‘A new quick response and 
high efficiency control strategy of an induction motor’, 
IEEE Trans. Ind. Appl., 1986, 22, (5), pp. 820–827 

[9] Kazmierkowski M.P., Kasprowicz A.B.: ‘Improved 
direct torque and flux vector control of PWM Inverter 
fed induction motor drives’, IEEE Trans. Ind. Electron., 
1995, 42, (4), pp. 344–350 

[10] Behara R.K., Das S.P.: ‘Improved direct torque control 
of induction motor with dither injection’, Sadhana, 
2008, 33, (5), pp. 551–564 

[11] Kennel R., El-Kholy E.E., Elrefaei A., Mahmoud S.: 
‘Improved direct torque control for induction motor 
drives with rapid prototyping system’, Elsevier Energy 
Convers. Manage., 2006, 47, pp. 1999–2010 

[12] Matic P., Raca D., Blanusa B., Vukosavic S.N.: ‘A 
direct torque controlled induction motor drive based on 
control of tangential and radial component of stator flux 
vector’. 23rd Annual IEEE Applied Power Electronics 
Conf. and Exposition APEC, 2008, pp. 1819–1825 

[13] Kanmachi T., Takahashi I.: ‘Sensorless speed control of 
an induction motor with no influence of rotor resistance 
variation’. PCC, Nagaoka, 1997, pp. 91–96 

[14] Tiitinen P., Pohjalianen P., Lalu J.: ‘The next generation 
motor control method DTC’, Revue ABB, 1995, 3, pp. 
19–24 

[15] Panigrahi B.P., Prasad D., Sengupta S.: ‘A simple 
hardware realization of switching table based direct 
torque control of induction motor’, Elsevier Electr. 
Power Syst. Res., 2007, 77, pp. 181–190 

[16] Liu S., Li ., Wang M.: ‘An improved direct torque 
control of induction motor with current hysteresis 
band’. IEEE Automation Congress WAC 2008, 
September 2008, pp. 1–5 

[17] Duco W., Petersen I.R.: ‘A back stepping approach to 
continuous time DTC’. EPE Trondheim, 1997, pp. 
3.668–3.671 

 
 
 
 

 
 
 
 
 


