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ABSTRACT:

Of the various sensorless control techniques Model referencing adaptive
system finds a lot of attention due to its simplicity and robustness. However,
there are ripples present in the current and torque of conventionally used
MRAS observer. The conventional methods use voltage source inverter that
introduces ripples in the current and torque waveforms. Hence, to improve the
performance in terms of ripples in this paper a novel MRAS based speed
observer using space vector pulse width modulation (SVPWM) is proposed for
sensorless control of induction motor. Conventional methods utilized PI
controllers that get affected during load torque variations. Hence, to make the
induction motor robust to external disturbances in this paper the conventional
PI controller is replaced by a fuzzy logic controller (FLC). Hence, by using the
proposed fuzzy logic based SVPWM, not only the ripples are reduced but at
the same time the motor becomes robust to external disturbances. Simulation
results are presented and analyzed to show the effectiveness of the proposed
method.
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I. INTRODUCTION
Of the various sensorless control methods presented in the literature model
referencing adaptive system (MRAS) is one of the best methods due to its simplicity
and design [1-4]. The different MRAS techniques are usually either based on
instantaneous reactive power [3] or back e.m.f. [5, 6] or rotor flux [7, 8]. The rotor
flux based MRAS which is used in this method is the most popularly used method and
efforts are made to improve the performance of this method.

The conventional two level inverter produce ripples in the flux and torque and
THD is also high in the line current. To overcome the above drawbacks SVPWM is
found to be one of the most widely used techniques. Conventionally PI controllers are
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used in the adaptation mechanism of MRAS speed observer by majority of adaptation
schemes. Conventional controllers have few draw backs such as: they require accurate
mathematical model of a plant or system, applicable to linear systems, gets affected to
external disturbances. Hence, in this paper SVPWM techniques along with FLC, is
proposed which gives better performance by reducing ripples and making the motor
robust to external torque disturbances.

I1. MODEL REFERENCING ADAPTIVE SYSTEM

The main essence of MRAS is the reduction of error between two models such that it
tends to zero. The basic principle of rotor flux based MRAS speed observer for
estimation of speed can be easily understood from model shown in Fig 1. As shown in
Fig. 1, it consists of two models, reference model and adaptive model and an
adaptation mechanism which minimizes the error between the two models. The
reference model also known as voltage model represents the stator equations and is
given in matrix form by eq. (1) and current model is given by eq. (2)
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The difference of the outputs of the two estimators known as error is given by eq.
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This is used as speed tuning signal that is given as input to adaptation mechanism,
which forms the main part of the MRAS scheme.

Reference Model
[Voltage Model] defined
by Stator Equations

s
a Model

i O
[Current Model) defined
by rotor Equations

Adaptation Mechanism

Fig. 1 Principle of Conventional MRAS
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1. SVPWM ALGORITHM

For a three phase VSI, there exist two possibilities for each phase, which in effect
means that the total number of combinations possible for switching states will be 2° or
8. The 8 switching codes or states are numbered from 0 to 7. The possible 8 switching
states are given as Vy(000), V1(100), V2(110), V3(010), V4(011), V5(001), Ve(101),
V7(111). Among the 8 possible switching states, 6 states i.e. states from V; to Vs are
known as active voltage vectors and 2 states, i.e. Vo and V7 are known as zero vectors.
The maximum boundary of the space vectors form the hexagon and the circle, shown
in Fig.2, is the maximum trajectory of the sinusoidal outputs.

V, (011)¢

Fig.2 Voltage space vectors of VSI

IV FUZZY LOGIC CONTROLLER

In the proposed MRAS observer conventionally used PI controller in the adaptation
mechanism of MRAS based speed observer is replaced by a FLC. The block diagram
of two input single output fuzzy logic controller is shown in Fig. 4. Speed tuning
signal & and its change A& are the two inputs to the proposed FLC. The main aim of
FLC is to obtain output signal Au , known as change in output signal, which is based
on & and A& . Knowing the value of Au the output signal “u” can be given as in eq.
(4) and estimated speed is given by eq. (5). The extra logic of FLC is contained
mainly in the rules which are given in Table 1

u(k) =u(k =1) + Au(k) 4)

and
&, (k) =6, (k-1)+Ad, (k) (5)



680 Mohammad Haseeb Khan and Arshia Azam

Table 1 Fuzzy control rule table with 49 rules

E INL | NM| NS |ZE | PS |PM | PL
AS
NL | NL | NL | NL | NL | NM | NS | ZE
NM | NL | NL | NL [NM | NS | ZE | PS
NS | NL | NL INM | NS | ZE | PS | PM
ZE | NL |[NM | NS | ZE | PS | PM | PL
PS [NM| NS | ZE | PS | PM | PL | PL
PM| NS | ZE | PS |PM | PL | PL | PL
PL | ZE | PS |PM | PL | PL | PL | PL

Fuzzy
Logic

Controller

Fig. 4 Block diagram of FLC

VPROPOSED FLC BASED SVPWM FOR SENSORLESS CONTROL
The block diagram of proposed FLC based SVPWM-MRAS is shown in Fig. 5.
In the Vi (reference voltage vector) calculator block shown in Fig. 5 the reference

and actual values of the d & q axes stator fluxes are compared and the error is given
by the eq. (6)
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Fig. 5 FLC based SVPWM-MRAS speed observer
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By knowing the values of stator flux error in d and g axes and the stator ohmic
drop the appropriate reference voltage space vectors can be calculated by utilizing the
eq.s (7).

Ay
v o Msd gy o S g ()
T s

TS is the duration of sampling period or which is half of the period of the

switching frequency which means that the flux is controlled twice per switching
cycle.

VI RESULTS AND DISCUSSION

Simulations are performed to validate the proposed FLC base SVPWM-MRAS speed
observer for sensorless control of induction motor drive. In Fig. 6 the response of
conventional MRAS is shown for 1300 rpm on no load in which there are ripples
present in the torque and current wave. The response of the proposed FLC-SVPWM
base MRAS is shown in Fig. 7, it can be observed that the ripples present in the
current and torque are N-m applied at 1 sec and Fig. 9 shows the response of the
proposed MRAS. From the simulated results it can be observed that by utilizing the
proposed FLC based SVPWM for sensorless control of induction motor using MRAS
the ripples in the current and torque are reduced considerably.
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Fig. 6. Response of Conventional MRAS at 1300 rpm
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Fig. 9. Response of proposed SVPWM based MRAS with load of 10 N-m.
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VII CONCLUSION

In this paper a novel method based on SVPWM technique is proposed for reducing
ripples present in the torque and current of sensorless control of induction motor drive
using MRAS. Conventional controllers are prone to external disturbances, hence to
make the induction motor robust to external load torque variations; FLC is also
proposed that replaces the PI controller in the adaptation mechanism of the MRAS
speed observer which makes the drive robust to external disturbances.
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