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Abstract: Permanent Magnet Synchronous Motor is most popular AC Motor in industrial and other servo applications, 
because of its higher efficiency, reliability and better dynamic response. There is large number of control strategies reported 
in the literature. In present study Direct Torque Control scheme has been discussed, which produces quick and robust speed 
control. In this review paper, functional details of the DTC are presented. 
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I. INTRODUCTION 
 
Permanent Magnet Synchronous Motor is one of an 
AC Motor for Electric drive which is widely used in 
the field of Automation, Robotics and the Industries, 
because of its compact size, higher efficiency and 
faster response. It is well established, in that PMSM 
the increase in electromagnetic torque is proportional 
to the increase in the angle between the rotor flux 
linkages, which are the positive aspects of DTC. 
Two control strategies of PMSM are Field Oriented 
Control and the Direct torque Control. In present 
review only Direct Torque Control is discussed. The 
concept of DTC was proposed by Depenbrock, 
Thakahashi and Noguchi in 1980’s [1]. In this 
technique, the voltage vector values are selected 
based on the error between the reference value and 
the actual value of the flux and the torque 
respectively. 
 
II. MATHEMATICAL MODEL OF PMSM 
 

 
    Fig.1. Equivalent circuit diagram in d-direction 

 
Fig.2. Equivalent circuit diagram in q-direction 

 
Equivalent circuit diagram [8] of Permanent Magnet 
Synchronous Motor is shown in figure, which is  
 

 
usually treated in a d-q reference frame fixed to the 
rotor. 
The voltage equations of permanent Magnet 
Synchronous Motor is :- 

U = 푅 푖 +
푑Ψ
푑푡 −  휔Ψ  

U = 푅 푖 +  
푑Ψ
푑푡 +  휔Ψ  

 
Where, 
푈 ,푈 = stator voltages in direct and quadrature axis 
respectively. 
푅 = stator resistance 
푖 푖 = stator current in direct and quadrature axis 
respectively. 
 
The flux linkage components can be obtained by the  
Ψ = 퐿 푖 + 퐿 푖 + Ψ  
Ψ = 퐿 푖 +  퐿 푖  
 
Where:- 
Ψ , Ψ = flux linkage components in direct and 
quadrature axis respectively. 
퐿 , 퐿 = magnetizing inductance in direct and 
quadrature axis respectively. 
 
 
 
The Torque equation according to cross field 
principle is:- 

푻풆 =
ퟑ
ퟐ풑[횿푷풎풊풔풒 − 푳풎풒 −  푳풎풅 풊풔풅풊풔풒

+  푳풎풅풊푫풊풔풒 +  푳풎풒풊푸풊풔풅] 
 
III. DIRECT TORQUE CONTROL OF 

PMSM 
 
Direct Torque Control method is used to control the 
torque of Electric Motor. In a Direct Torque Control 
method, the estimated and the reference value of 
stator flux linkage and the torque of the motor are 
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compared. If estimated values of flux and the Torque, 
deviates from the reference values exceeding the 
tolerance value, the IGBT switches of the Variable 
Frequency Drive are turned OFF or ON. So the flux 
and the Torque error is form to return tolerant bands. 

 
Fig.3. Model Diagram of Direct Torque Control 

 
Block diagram of DTC scheme is shown in fig.3. The 
basic principle of Direct Torque Control is to select 
the stator voltage vectors in according to the error 
between the reference and the actual value of the 
Torque and the stator flux. The brief description of 
the functional blocks of scheme is presented below:- 
Speed controller:- 
In the speed controller [3], reference value of speed is 
compared to the measured value. Resulting output 
signal becomes the reference for the Torque reference 
control. This block consist PI controller. Equation for 
the PI controller is as listed below and the 
correspondence diagram is shown in fig.4. 

 
Fig.4. PI controller 

 
u(t) = 퐾 [푒(푡) + ∫ 푒(푡)푑푡]  

U(s) = 퐾푝  1 +
1
푇 퐸(푠) 

Kp = Controller gain                                                
E(t) = error gain  
U(t) = controller output                                                                       
Ti = Integral or reset time 
Torque and Flux Controller:- 
Torque hysteresis Controller and Flux hysteresis 
Controller are used to compare the reference and the 
estimated values of Torque and Flux respectively and 
gives the Torque hysteresis bandwidth (Δ푇 ), stator 
flux hysteresis bandwidth (ΔΨ ). when the torque 
drops is above the value of torque hysteresis 
bandwidth, it shows the low status of torque. 
Likewise when the torque drops is below the 
hysteresis bandwidth than the torque status goes high. 
Similarly, when the flux drops is higher than the flux 
hysteresis bandwidth, status of flux goes low and 

when the flux drops is lower than the flux hysteresis 
bandwidth, it shows the status of flux is high [9]. 
For torque hysteresis bandwidth:- 
 
If ,   [푇 −푇 ] >  Δ    then 푑푇 = 1      ------- (1) 

If ,    [푇 − 푇 ] < −  Δ   푡ℎ푒푛  푑푇 = 0     -------
(2) 
Similarly, for stator flux hysteresis bandwidth:- 
If , Ψ −  |Ψ | > ΔΨ  푡ℎ푒푛 푑|Ψ | = 1    -------
(3)          
If , |Ψ | − |Ψ |  <  − ΔΨ  푡ℎ푒푛 푑|Ψ | = 0  ------
(4) 
where :- 
T= output of torque hysteresis comparator 
Ψ= output of flux hysteresis comparator 
T=0 means that the estimated value of torque is         
maximum the reference and out of hysteresis limit. 
T=1 means that the estimated value of torque is 
minimum the reference and out of the hysteresis 
limit. 
Ψ =1 means the flux linkage estimated value is below 
the reference and out of the hysteresis limit. 
Ψ=0 means the flux linkage estimated value is above 
the reference value and out of the hysteresis limit. 
Inverter:- 
In the DTC scheme we are using Four Switch Three 
Phase inverter. 
The diagram of FSTP inverter is shown in figure in 
which two phase of machines are connected to the 
power switches and remaining one is connected to the 
midpoint of dc link capacitor. 
 Following are the assumptions for the simulation of 
inverter [3]:- 
 The inverter switching devices are assumed to be 

ideal, i.e. the ON state voltage drops across the 
device, turn on time and turn off time are 
neglected. 

 The dc bus/ battery voltage is assumed to be 
constant. 

 

 
Fig.6. Four Switch Three Phase Inverter 
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Table.2. voltage vectors of FSTP inverter 

 
From the table:- 
 

 
In case 1:- if the switching states of inverter is 00, 
i.e.- 
푆 , 푆 =off 
푆 ,푆 = on 
푉 =푉 /3, 푉 =푉 =o 
 

 
In case 2:- switching states of inverter will be 10, i.e.- 
푆 , 푆 = on 
푆 , 푆 =off 
푉 = 푉 /2, 푉 = 푉 , 푉 =0 
 

 
In case3:- switching states of inverter will be 11, i.e.- 
푆 , 푆 =on 
푆 , 푆 =off 
푉 = 푉 /2, 푉 =푉 =푉  
 

 
 
In case 4:-switching states of inverter will be o1, i.e.- 
푆 , 푆 =off 
 푆 , 푆 =on 
푉 = -푉 /2 , 푉 = -푉  , 푉 =0 
 
 푉  and 푉 can be obtained as [7]:- 

푉 =
2푉 −푉 −푉

3  

푉 =
푉 −푉
√3

 

Where, 
푉 ,푉 ,푉  = phase to neutral voltages, these can be 
calculated as follows- 
푉 = 푉 − 푉 =   

푉 = 푉 − 푉 =
2푉 − 푉 − 푉

3  

푉 = 푉 − 푉 =
2푉 − 푉 − 푉

3  
Where- 
푉 , 푉 , 푉 = phase to zero voltages. 
 
Voltage switching table:- 
Main principle of Direct Torque Control [3], [4]is to 
determine the correct voltage vector using the 
appropriate switching table. For obtaining the correct 
switching table, we should know about the correct 
values of the Torque and the stator flux hysteresis 
bandwidth and sector information. 

 
Fig.5. Control of stator flux linkage with DTC FSTP inverter.   
  
For sector information:- 
Space vector angle determines the sector. [5] 
Following equation can be used when its switching 
signals can be generated. 

휃 = arctan  
Ψ
Ψ

 

|��| = Ψ��
2 + Ψ��

2  

Te= 3� Ψ���� Ψ����
2

 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009 Volume- 1, Issue- 2, Oct-2013 

 Direct Torque Control of Permanent Magnet Synchronous Motor Using Two Level Inverter- Survey Paper 
 

49 

 
Table no.1 switching table for DTC method 

Switching table for DTC method is shown above [6], 
this table is depends upon the hysteresis bandwidth 
values of torque and the stator flux linkage. 
According to the equations (1-4), the sequence of 
voltage vector values in sectors, will occur.  
 
Transformation:- 
Complexity of simulation can be reduced by the 
suitable transformation of three phase electrical 
parameters. The most common methods to do this are 
the Clarke and Park transformations. Using these 
modifications [6] it is possible to calculate the correct 
power/torque values from the transformed motor 
parameters without the need to transform them back 
to three phase values. The description of these 
transformations relevant to present study is given 
subsequently. 
Clarke's transformation 
The ABC parameters are transformed into αβ0 
parameters with orthogonal axes in the same 
stationary reference frame by equation. 
����= T����  
���� = T-1���� 
Where f can be any one of the motors armature 
parameters, and the transformation Matrix T is:- 
 

T= 2
3
 

⎣
⎢
⎢
⎢
⎡ 1 − 1

√2
 − 1

2

0 √3
2

− √3
2

1
√2

1
√2

1
√2 ⎦

⎥
⎥
⎥
⎤

 

 
Park's transformation 
The Park transformation changes a three phase 
system [8] in one stationary reference frame into a 
two phase system with orthogonal axes in a different 
rotating reference frame. The ABC parameters are 
transformed into dq0 parameters by equation. 
���� = T(θ)����  
���� = T(θ)-1���� 
Where f can be any one of the motors armature 
parameters, and the transformation 
matrix T is:- 
 

T= 2
3

⎣
⎢
⎢
⎢
⎡cos�� cos ��− 2Π

3
 cos ��+ 2Π

3

sin�� sin ��− 2Π
3

 sin(��+ 2Π
3

)
1
√2

1
√2

1
√2 ⎦

⎥
⎥
⎥
⎤
 

Torque and the Flux estimation block:- 
in these block,[3] we fed the motor current 
���,��� and the DC voltage as input. Sector block 
takes the angle information and generated out of d-
axis and q- axis fluxes and provide the sector 
information and output which is subsequently used 
along with the flux and torque controller outputs to 
decide the switching condition of the inverter. 
Magnitude of stator flux Ψs is obtained as:- 
 

|Ψ�| =  Ψ��
2 + Ψ��

2  

�� = tan 1
���

���
   

 
IV. ADVANTAGE AND DISADVANTAGE 

OF DTC 
 
There are several advantages of DTC over other 
control systems such as vector control. In DTC 
scheme when we generate the lookup table for the 
switching commands of inverter, in fact lookup 
simplifies the control system and also decreases the 
processing time unlike the PWM modulator used in 
vector control. The torque and the flux estimation, 
employes the simple hysteresis controller to avoid the 
chattering. There is no need of vector transformation 
because stator quantities are enough to control the 
torque and flux linkages.  
 
Although several advantages of DTC scheme, it still 
has a few drawbacks as well. A major disadvantage 
of DTC scheme is introduces higher ripples in Torque 
and Flux linkages. For the stator flux linkage 
estimation, requires a stator resistance, so any 
variation in resistance may introduce the error in the 
estimation.  
 
CONCLUSION 
 
In this review paper, the Direct Torque Control 
method for Permanent Magnet Synchronous Motor 
has been discussed. Selection of voltage vector is the 
key part of the DTC method. PMSM is popular 
because it gives high efficiency, high power factor. It 
is well established that electromagnetic torque is 
proportional to the angle between rotor and the stator 
flux linkage. DTC scheme provides good torque 
response and robustness, and other advantages also 
there over the vector control method .Although it has 
few drawbacks too. So many problems are already 
overcome by the researchers. 
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