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Abstract — This paper presents a torque ripple 
reduction approach to direct torque and flux control 
(DTFC) of an induction motor using a sliding-mode 
control (SMC) technique. A distinctive feature of the 
approach is that, by appropriately parametrizing 
and implementing the sliding-mode controller, the 
discontinuous nature of the actuator may be directly 
incorporated to the design process. The present pa-
per shows how to design the DC-bus value of the 
inverter to guarantee reachability of rated values, 
and proposes two strategies for reduction of steady-
state torque ripple in the implementation of the 
SMC. Experimental results confirm the characteris-
tics of the proposed control strategies and indicate 
that they are specially effective at low speed of op-
eration. 
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I. INTRODUCTION 
Vector control of electrical drives, with its two main 
commercial implementation approaches, Field Oriented 
Control (FOC) and Direct Flux and Torque Control 
(DTFC), has generated much discussion in comparing 
advantages and disadvantages of each scheme (see for 
example Le-Huy (1999); Vas (1998); Casadei et al. 
(2002)). FOC is recognized to have better performance 
than DTFC in a wide range of speed and load condi-
tions. However, the performance of a FOC implementa-
tion critically depends on very accurate coordinate 
transformations and flux angle estimation, which gener-
ally require a significant amount of computations. In 
contrast, an equivalent DTFC implementation is sim-
pler, as it normally only requires setting a fixed look-up 
table to specify the actuation for each given torque and 
flux condition.  

The relative simplicity of DTFC comes at the cost of 
some performance limitations. Such performance limita-
tions appear as difficulties in start-up (machine mag-
netization), increased levels of steady-state torque ripple 
and those emerging from the variable frequency opera-
tion of the inverter driving the motor.  

Because the simplicity of DTFC is highly desirable in 
many applications, a number of recent works have sug-
gested different strategies to circumvent its performance 
limitations. Kazmierkowki and Kasprowicz (1995) have 
proposed the introduction of an additional carrier signal 
to the torque controller input to improve start-up and 

low speed operation, while Takahashi and Noguchi 
(1997); Idris and Yatim (2000); Kang and Sul (1998) 
suggest double parallel PWM-Inverter, injection of 
dither signal, triangular signal, and calculation of opti-
mal switching technique for the reduction of steady-
state torque ripple.  

In recent works, Yan et al. (2000) and Romero and 
Valla (2000) have proposed modified DTFC control 
schemes based on the sliding-mode control (SMC) de-
sign technique pioneered by Utkin (1993). A distinctive 
feature of the SMC of electrical drives is that the dis-
continuous nature of the actuator (the inverter) may be 
explicitly taken into account within the design process. 
Indeed, the SMC scheme operates by switching among 
a predefined set of feedback laws in a way that will 
guarantee the convergence of the system to a desirable 
state of operation. Thus, the discontinuous operation of 
an inverter naturally fits the switching operation of 
SMC, which may be designed to directly drive the in-
verter states. An implementation of FOC based on SMC 
and feedback linearization techniques has been recently 
reported in Chen and Dunnigan (2003) and Naassani et 
al. (2005).  

Ripple reduction has been an aspect of special interest 
in SMC approaches to DTFC. Naassani et al. (2005) 
discuss tradeoffs between performance and torque ripple 
in SMC-DTFC schemes. Ortega et al. (2001) introduces 
the concept of “output regulation subspaces” to generate 
a partition of the input and a switching logic based on 
the minimization of a quadratic criterion to obtain re-
duction in torque ripple. Similar techniques are applied 
and extended in Escobar et al. (2003). 

The present paper builds on the basic SMC scheme 
presented in Romero and Valla (2000) emphasizing on 
torque ripple reduction issues. Based on Lyapunov sta-
bility considerations, we firstly show how to design the 
inverter DC-bus value in order to guarantee stability and 
tracking of the proposed SMC scheme (Section III). 
Secondly, we present two strategies for the implementa-
tion of the SMC to achieve reduction of the torque rip-
ple. The first proposed strategy, described in Section 
IV.A, consists in moderating the control action when-
ever the application of null voltage vectors is already 
sufficient for the convergence of the system to the de-
sired equilibrium manifolds. This modified implementa-
tion of the SMC technique produces a reduction of 
torque ripple, particularly significant at high speeds, and 


