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A matrix converter is used as an alternative AC-AC power converter that has received wide
research concentration as an alternative scheme to fixed AC-DC-AC converter. To convert the
energy from an AC source to an AC load without the need of bulky and limited-lifetime energy-
storage elements matrix converters are preferred. This paper presents a simulation of speed
control of Induction motor fed by Indirect Matrix Converter (IMC) using v/Hz technique by space
vector PWM technology. Out of the several methods of speed control of an induction motor such
as pole changing, frequency variation, variable rotor resistance, variable stator voltage, constant
VIf control, slip recovery method etc., the closed loop constant \V/f speed control method is most
widely used. The simulation results were carried out for very sparse indirect matrix converter fed
induction motor drive and the performances of indirect matrix converter is analyzed and verified
using the response obtained through Matlab/Simulink.

P1 controller, Speed Control v/Hz,
Space Vector PWM.
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INTRODUCTION

In recent researches for direct frequency conversion technique
focus is made on using a matrix converter (MC). The main
reason for the interest in MCs is that it provides a compact
solution for a four quadrant frequency converter producing
sinusoidal input and output currents without passive
components in dc link. The absence of dc link also has its
disadvantages: input and output disturbances are not filtered
and additional commutation strategies are needed to avoid a
short circuiting of the supply voltage or open circuiting of the
load current path (Bueno et al., 2008). The IMC offers the
same benefits and disadvantages as the DMC, but it also
provides an option to reduce the number of switches of the line
bridge to three if no bidirectional power flow is needed (Yao
et al., 2008), (Friedli and Kolar 2010). Safe commutation of
semiconductor devices produce smooth variation in converter
output voltage. In sensor less motor drives this is a
disadvantage especially in the low speed region and needs to
be compensated (Kolar et al., 2011; Wheeler et al., 2002;
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Yoon and Sul 2006). To develop suitable compensation
methods the construction and effectiveness of the used
converter has to be known. The motor control industry is a
strong, aggressive sector. To remain competitive, new
products must address several design constraints including
cost reduction, power consumption reduction, power factor
correction, and reduced EMI radiation. In order to meet these
challenges, advanced control techniques are necessary.
According to market analysis, the majority of industrial motor
applications use AC induction motors. The reasons for this are
higher robustness, higher reliability, lower prices and higher
efficiency (up to 80%) on comparison with other motor types.
However, the use of induction motors is challenging because
of its complex mathematical model, its nonlinear behavior
during saturation and the electrical parameter oscillation that
depends on the physical influence of the temperature.

Scalar control is the term used to describe a simpler form of
motor control, using non-vector controlled drive schemes. An
AC Induction motor can be led to steady state by simple
voltage fed, current controlled, or speed controlled schemes.
The scalar variable can be manipulated after obtaining its
value either by direct measurement or calculation, and can be
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used in both open loop and closed loop feedback formats.
Although its transient behavior is not ideal, a scalar system
leads to a satisfactory steady state response.

Indirect Matrix Converter

The indirect matrix converter (IMC) has received considerable
attention as it provides a good alternative to double-sided
PWM voltage source rectifier-inverter having advantage of
being a two stage converter with six bidirectional switches and
six unidirectional switches for three phase to three phase
conversion and inherent bidirectional power flow, sinusoidal
input/output waveforms with modulate switching frequency,
the possibility of compact design due to the absence of dc-link
reactive components and controllable input power factor
independent of output load current. The main disadvantages of
matrix converter are the inherent restriction of the voltage
transfer ratio (0.866), more complex control and protection
strategy.

The direct AC-AC matrix converter topology has a trouble less
structure and it includes several attractive features; but the
complexity of its conventional PWM control strategy and the
commutation problem prevent it from being used in industry.
An alternative approach to overcome these failures is proposed
(Arevalo et al., 2010; Klumpner et al., 2006; Garcia-Vite
et al., 2010). It is a two -stage converter topology known as an
indirect matrix converter. This topology is similar to the
conventional AC-DC-AC converter topology without any
reactive DC-link energy storage components for the
intermediate imaginary DC -link bus. A block diagram of the
indirect matrix converter topology is shown in Figure 1.
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Figure 1. Indirect matrix converter topology block diagram
feeding to an AC -Load

All the desired features of the direct matrix converter
topology, such as sinusoidal input current and sinusoidal
output voltage, four -quadrant operation, unity power factor,
elimination of DC-storage elements are achieved by this
indirect matrix converter topology. In addition, this topology
simplifies the complexity of the conventional PWM control
strategy, and overcome the commutation problems of the
previous topology.

Very Sparse Matrix Converter

The Characteristics of Very Sparse Matrix Converter topology
includes 12 Transistors and 30 Diodes. There is no limitation
in functionality compared with the Direct Matrix Converter
and Sparse Matrix Converter. When compared to the Sparse
Matrix Converter it uses reduced number of transistors but
increases the conduction losses due to more number of diodes
in the conduction paths. Figure 2 shows the circuit diagram of
Very Sparse Matrix Converter.
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Figure 2. Very Sparse Matrix Converter

V/F Control of Three Phase Induction Motor

The torque developed by the motor is directly proportional to
the magnetic field produced by the stator. So, the voltage
applied to the stator is directly proportional to the product of
stator flux and angular velocity. This makes the flux produced
by the stator proportional to the ratio of applied voltage and
frequency of supply. Therefore by varying the voltage and
frequency by the same ratio, the torque can be kept constant
throughout the speed range.

This makes constant V/F is the most common speed control of
an induction motor. The torque developed by the induction
motor is directly proportional to the V/F ratio. If we vary the
voltage and frequency, keeping their ratio constant, then the
torque produced by induction motor will remain constant
for all the speed range.

Stator voltage (V) o Stator flux (@) x Angular velocity (o)
V oo © x 2nf

o=V/f

Maximum Torque

Vs/We = constant

Rated curve

0.5

Torque(Te/Tem)

0.5 1
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Figure 3. Torque-speed characteristics of the induction motor

Figure 3 shows the torque -speed characteristics of the induc-
tion motor with V/F control. The voltage and frequency
reaches the maximum value at the base speed (Hojabri et al.,
2011). We can drive the induction motor beyond the base
speed. But by doing so only frequency varies but not voltage.
Hence the ratio of V/F will no longer remain constant.
Since the torque developed by the induction motor is directly
proportional to the V/F ratio it will not remain constant
throughout the speed. Other than the variation in speed, the
torque-speed characteristics of the V/F control reveal the
following:
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Figure 4. Block diagram of speed Control of Induction Motor fed by Indirect Matrix Converter

e The starting current is low.

e The stable operating region of the motor is increased.
Instead of simply running at its base/ rated speed (NB), the
motor can be run typically from 5% of the synchronous
speed (NS) up to the base speed. The torque generated by
the motor can be kept constant throughout this region.

e Since almost constant rated torque is available over
the entire operating range, the speed range of the
motor becomes wider. User can set the speed as per the
load requirement, thereby achieving the higher efficiency.

Control Strategy

The overall system implementing a 3-ph induction motor with
V/Hz control strategy is depicted in Figure 4. The induction
motor is driven by the Indirect Very Sparse Matrix Converter.
The PI controller is being used to generate the six pulse width
modulation (PWM) signals using a space vector PWM
technique, for six power switching devices in the indirect
matrix converter. The proposed scheme consists of three phase
matrix converter connected in series with motor load. Matrix
converter and Asynchronous motor parameters are shown in
Table 1. Space vector PWM technique is proposed for v/f
speed control scheme. Speed is taken as control element for
the proposed method. From the error difference between
reference and actual speed (negative feedback), PI controller is
used to give provide dg plane voltage (Vq, V) for the space
vector control scheme. Voltage and frequency both are
controlled by varying the reference voltage and frequency of
the system. To prove the stability of the system, test has been
carried out for no load as well as load conditions to verify the
speed regulation of the system, through simulation.

Simulation Results

To demonstrate the feasibility of proposed scheme, the results
and waveforms have been obtained through simulation for
different conditions before realization in real time. Figure 5
displays the simulated source end voltage and current response
of very sparse indirect matrix converter, Figure 6 portrays
simulated Voltage and Current response of very sparse indirect
matrix converter at load end, Figure 7 displays the simulated
voltage response of matrix conveter at source and load side at
time t=0 sec(Tm=0 & ® = 157 rad/sec ), Simulated voltage
response of matrix conveter at source and load side at time t=1
sec (T,=3 N-m & o = 157 rad/sec) is shown in Figure 8,
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Figure 5. Simulated Voltage and Current response of very sparse
indirect matrix converter at source side
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Figure 6. Simulated Voltage and Current response of very sparse
indirect matrix converter at load side
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Figure 7. Simulated voltage response of matrix conveter at source
and load side at time t=0 sec(T=0 & ® = 157 rad/sec )
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Figure 8. Simulated voltage response of matrix conveter at
source and load side at time t=1 sec (T,=3 N-m & o = 157
rad/sec)
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Figure 9. Simulated voltage response of matrix conveter at
source and load side at time t=3 sec (T=3 N-m & ® = 130

rad/sec)
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Figure 10. Simulated voltage response of matrix conveter at

source and load side after load and speed disturbance (T =3 N-

m & o =130 rad/sec)
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Figure 11. Simulated response of DC link voltage of matrix
converter
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Figure 12. Simulated speed response of Asynchronous motor under
difference conditions (t=0s , ® = 157 rad/sec; t=1s, T=3 N-m& t=3s,
o = 130 rad/sec) for v/f control scheme

Figure 9 shows simulated voltage response of matrix converter
at source and load side at time t=3 sec (T=3 N-m & ® = 130
rad/sec), Simulation is also camed out under load disturbance
and the response obtained is shown in Figure 10. (T,=3 N-m
& ® = 130 rad/sec), Simulated response of DC link voltage of
matrix converter is displayed in Figure 11, Figure 12 shows
simulated speed response of Asynchronous motor under
disturbed load conditions and setpoint change at t=0.1 and 3
sec respectively. (t=0s , ® = 157 rad/sec; t=1s, T=3 N-m &
t=3s, ® = 130 rad/sec). From the response it is observed that
the system with constant v/f control scheme has rejected the
load disturbance with in the time interval of 0.1 sec and
responds instantaneously for set point change.

Table 1. Matrix converter and Asynchronous motor parameters

Parameter Value

Matrix Converter rating (Vims) (P-N) 220V

Asynchronous Machine Rating 3.73 KVA, 350 V, 50 Hz, 2p
Stator Resistance and Inductance (Rs,Ls) (1.115Q , 0.005974H)
Rotor Resistance and Inductance (Rg,Lg) (1.083 0.005974)

Mutual Inductance (L) 0.2037H

Moment of Inertia (J) 0.02 N-m.

Asynchronous motor Mathematical Rotor reference frame
modelling type

Conclusion

From the voltage and speed response of the simulation results
(Fig.7-10 and Fig.12), it is obtained that Indirect matrix
converter (Very sparse matrix converter) can be made suitable
for motor drive application. In the area of Energy conservation
field in future indirect matrix converter can play a significance
role in motor drives, with benefits of direct AC-AC control
with reduced switching and conduction losses. Also it opens
can up new avenue for lead to researches in the area of various
drive control scheme which has superior performance.
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