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INFLUENCE OF THE DEAD TIME EFFECT OF INVERTERS  
ON THE CONTROL OF SENSORLESS INDUCTION MOTOR DRIVES  

 
Abstract:  MRAS type flux and speed estimators are very popular in the sensorless induction motor drives. 
The aim of this article is to analyze the influence of a dead time effect on the work of a classical MRAS 
structure in a sensorless induction motor drive system. To avoid short circuits in a DC link of a voltage source 
inverter, there are introduced so called dead times between switching of a complementary power transistors in 
each leg of the inverter. This causes two harmful effects: loss of fundamental voltage, and low-frequency 
harmonic distortion. Voltage calculated in the control algorithm differs from the one provided to the stator 
windings. Calculated voltage is provided to MRAS structure which receives incorrect information on the phase 
voltage. This leads to improper work of flux reference estimator and also whole control structure. In this paper 
there are presented the simulation results of influence of a dead time effect on a work of MRAS structure in 
case of rotor flux linkage and angular speed. Such tests seems to be very important because in extreme cases 
this effect can lead to instability of a drive system. 

1. Introduction 
In the last three decades the development in the 
area of power electronics and microcontrollers 
made it possible to implement advanced control 
algorithms for induction motor drive systems. 
To implement sensorless Direct Field-
Orientated Control (DFOC) method in the 
induction control drive system, current 
information of angular speed and rotor flux 
linkage must be known in every digital sample. 
It is nearly impossible to measure rotor flux, but 
it can be estimated using many structures: 
estimators, observers and neural estimators. 
One of these structures is based on Model 
Reference Adaptive System (MRAS) and is 
commonly known as MRAS type estimator, 
which equations are based on the vector model 
of induction machine. 
A classic MRAS type structure estimates rotor 
flux linkage and angular motor speed using 
current model as a tuned model, and voltage 
model as a reference model. Aim of such 
estimators is to compare rotor flux calculated 
from both models and minimize output error by 
using PI controller and negative feedback. The 
output of the regulator is speed which tunes one 
of the models. As many authors emphasize, 
voltage model is sensitive to voltage 
measurement error. Voltage measurement is 
difficult in case of induction motor, so it is 
estimated. It is based on DC link voltage 
measurement (which is easy and precise) and 
work time of transistors in the voltage source 
inverter. Work time signals are calculated by 

the control algorithm and they are sent to 
transistor drivers. To avoid short circuits in 
a DC link, the time calculated by the control 
algorithm has to be changed by dead time logic. 

 

 
Fig.1. Dead time effect for different current sign 
[5] 

Changes on the output of the control system are 
made without any feedback information and in 
consequence cause the MRAS structure to 
receive incorrect information of phase voltage. 
This may lead to incorrect work of flux 
reference estimator and in consequence to 
instability of the whole drive system. In this 
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paper there are presented the simulation results 
of influence of a dead time effect on a work of 
MRAS structure in case of rotor flux linkage 
and angular speed. 

2. Mathematical model of induction drive 
and classical MRAS structure  
A mathematical model of induction machine is 
represented in the stationary α,β coordinate 
system for the three phase induction machine 
vector model notated in relative units with: the 
assumption of concentrated parameters; three-
phase motor with electrical symmetry with even 
air crack is analyzed; anisotropy and magnetic 
excitation, hysteresis phenomenon and eddy 
currents are ignored; one harmonic sinusoidal 
voltage is considered and object is considered 
as stationary. With those assumptions 
a mathematical model is formulated, which is 
a base for all observers and estimators [1,4]: 
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From this set of equations the voltage model 
and the current model of rotor flux linkage can 
be derived: 
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The method of flux and speed estimation based 
on the MRAS structure has been proposed by 
Schauder and Tamai in the early 90’s of last 
century and has been developed further by 
Jansen and Lorenz. It is based on the 
observation that information on the value of the 
rotor space flux linkage vector can be obtained 
both from the rotor and the stator circuit 
equations. The voltage model needs information 
on the stator current and the stator voltage, 
while the current model needs information on 
the stator current and the rotor angular speed. 

 

 
 
Fig.2. Flux and Speed estimator based on 
classical MRAS structure. 

Due to a comparison of estimated values taken 
from the both models, the angular speed of the 
motor can be obtained. It is a principle of the 
Model Reference Adaptive Control (MRAC). 
The ωe coefficient is tuned by an adaptation 
algorithm until the output of the two models 
match [1]. The PI controller calculates the 
estimated motor angular speed which tunes the 
current (adjustable) model to minimize the 
output error. It is done by the adaptation 
mechanism which can be presented by the 
following equation: 
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There are many other MRAS structures for 
example a structure with a motor as a reference 
model. In this article only the classic structure 
has been analyzed. 



Zeszyty Problemowe – Maszyny Elektryczne Nr 88/2010 
 

131 

3. Dead time effect in the three phase 
voltage inverter  
The topology of a voltage source inverter which 
is commonly used in vector control drive 
systems makes it impossible for complementary 
IGBT transistors to work at the same time, 
without short circuits in a DC link. Due to 
limited switching time of IGBT transistors 
some dead time has to be introduced between 
respectively a turn off/on of a Q1 transistor, and 
a turn-on/off of a Q4 transistor to prevent a DC 
link from short circuiting (as shown in Fig.1). 
This dead time (time where both 
complementary transistors are turned-off) leads 
to distortion in a voltage that is provided to the 
motor windings. The dead time depends on the 
transistors dynamics and in industrial 
applications where IGBT transistors are 
commonly used is about 0.4-1 µs (TD). The 
voltage distortion also depends on the sign of 
a winding phase current, sampling frequency 
(fs) and DC voltage. Equation which describes 
this distortion is shown below: 

 

( )s D s dc sT f U sign∆ =u i                           (14) 

 
This distortion is generated without feedback 
information to a control circuit, so calculated 
voltage differs from the output one and these 
may cause many undesirable effects. One of 
these effects is that the machine is controlled by 
signals that do not fit to those calculated in the 
control system. The other effect is that it 
powers up low frequency harmonics and causes 
loss of fundamental voltage. 

All these effects have to be compensated by the 
control algorithm, but if they are not, they also 
influence the MRAS structure. As it has been 
emphasized the MRAS structure is very 
sensitive to the voltage disturbances [1,2,3]. In 
author’s opinion and from their practical 
experience, the dead time effect may cause 
instability of flux and speed estimation and in 
effect to instability of a whole drive. It is 
obviously unacceptable in any practical 
application. 

4. Simulations of DFOC using MRAS 
estimator with SVM (Space Vector 
Modulator) 
All simulation blocks have been build in 
Simulink program with sample time of 100 µs 
and using stiff/mod Rosenbrock method solver 
and the 1.1 kW Tamel motor has been modeled. 
The parameters were taken from the protocols 
of the no-load test and short circuit trial which 
were, as a standard procedure, undertaken by 
the machine producer. The MRAS structure has 
been simulated as a classical structure (without 
modifications proposed in the literature). The 
only differences of parameters in the MRAS 
and the machine equations were in stator 
resistance and reactance. The differences were 
of 2% and 5%, respectively (to simulate real 
situation). The dead time varied from 0.4 to 1 
µs and the whole control algorithm was 
calculated in 100 µs. The simulations were 
carried out for various load torque and set 
values of speed. Three criteria were used to 
evaluate control quality factor: 
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Authors simulated all the effects that occur 
during powering the drive from a voltage 
source inverter using a Space Vector 
Modulator, neglecting dynamics of a transistor 
and limited stiffness of a DC link [6]. 

5. Simulation results 
As it was mentioned in the previous section 
authors simulated all the effects that occur 
during powering the drive from a voltage 
source inverter using a Space Vector 
Modulator. All the simulations could be done 
using a simplified model of a voltage distortion 
without losing proper approximation [2]. 
Simulation results are shown in the following 
figures. Presented results show four control 
system signals (ω, Jω , estJω , MRASJψ ) with two 

different dead times (0.5 and 1 µs) for various 
speed values and nominal load torque.  
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Fig.3. Motor speed (d.t. = 0.5 µs) 
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Fig.4. Motor speed error criterion (d.t.=0.5 µs) 
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Fig.5. Est. motor speed err. crit. (d.t. = 0.5 µs) 
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Fig.6. MRAS flux error criterion (d.t. = 0.5 µs) 
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Fig.7. Motor speed (d.t. = 1 µs) 
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Fig.8. Motor speed error criterion (d.t. =1 µs) 
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Fig.9. Est. motor speed error crit. (d.t. = 1 µs) 
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Fig.10. MRAS flux error criterion (d.t. = 1 µs) 
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Fig.11. Motor speed for different commanded 
speed values (0.5;0.7;0.9;1.1;1.3, d.t. = 0.5µs) 

6. Conclusions 
The aim of this article was to show the 
influence of a voltage distortion caused by the 
dead time effect on a classic MRAS structure 

and behavior of a whole drive system. It 
showed that the dead time effect can lead to 
instability of a whole drive system, which is 
caused by instability of the MRAS estimator. In 
case of low speeds the effect of the dead time is 
much smaller compared to effect at speeds just 
below nominal speed of a motor. For speeds 
exceeding the nominal speed of a motor, the 
effect seems to have very weak influence on the 
control system and the speed and rotor flux 
estimation. The bigger the dead time, the 
quicker the instability is observed. The whole 
analysis proved that the voltage distortion 
generated by the dead time of transistors in 
a voltage source inverter should be 
compensated by proper algorithms, to avoid 
instability and inaccuracy of the angular motor 
speed and flux estimation. 
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