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Abstract: Matrix converter is emerging to be an alternative topology for power converters, drive by persistent cost
reduction of silicon devices and the development of reverse blocking IGBTs. One of the major obstacles towards
commercial acceptance of this topology has been the commutation of the bi directional switches. A detailed study has
been made here to understand the limitations and possible improvement of the existing current commutation techniques
in this paper. A universal and synchronous commutation scheme for all the IGBTSs is advised so that commutation can
smoothly take place as and when required within the minimum possible time depending on the switching time of the
IGBT used. The different aspects of this commutation are verified through MATLB simulink. Possibility of step less
current commutation is explored.

Keywords: matrix converter, commutation, voltage commutation, current commutation, single step, step less
commutation, commutation.

I. INTRODUCTION

Power frequency changer is essential for converting power from one frequency to another. Earlier, rotary frequency
changers where used for converting the utility AC power to the desired frequency AC at the consumer end[1]. Rotary
frequency changers consists of motor generator arrangements where the target frequency and magnitude at the load was
achieved via subsequent stages of electrical to mechanical to electrical energy conversions as shown in Fig. 1. For
example, the utility power can be used to drive an AC motor — this motor will act as a prime mover for a DC generator,
which is again used to power a DC motor (whose rotational frequency can be adjusted with that of the target by suitably
using the motor parameters). This DC motor may be further used to drive a AC generator whose synchronous speed is
dictated by the motor preceding it and from here the power which is now having the desired frequency is fed to the
consumer end.
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Fig. 1.Schematic for rotary power conversion

The efficiency of the entire scheme is a product of the individual efficiencies of the rotating machines involved. For
instance, if the efficiency of each rotary machine is as high as 90 % then the overall system has an efficiency of 65.61
% - which is quite low in terms of energy efficiency. Furthermore, the motor generator combinations make the entire
setup quite voluminous. All this necessitated adoption of a different technique to achieve power frequency changing.

Matrix converter is an array of bi-directional switches that directly connects source to a load [2]. A 3-phase to 3-phase

matrix converter consists of a matrix of 3 x 3 bi-directional switches arranged so that any of the output lines of the
converter can be connected to any of the input lines as shown in Fig. 2.
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Figure 2. 3 x 3 matrix converters

The matrix converter offers an almost all silicon solution for AC to AC power conversion. It offers the most desirable
features in power frequency changers like
(i)Simple and compact power circuit due to the absence of any large energy storage elements.
(ii)Generation of load voltage with arbitrary amplitude and frequency
(iii)Sinusoidal input and output currents
(iv)Control over input power factor irrespective of load
(v)bi-directional power flow

A 3 phase to 3 phase matrix converter with nine controlled bi-directional switches uses the topology as shown in
Fig. 1 and has been used as a replacement for the traditional rectifier-inverter topology. A line filter is included at the
input side to block the high frequency component of the input current arising out of switching to enter the utility

supply.
Il. DIFFERENT COMMUTATION TECHNIQUES

A study was carried out to find the safe, fast and easily realizable commutation strategy. IGBT is taken as the switching
device. Different schemes are in use for commutation [4]. The schemes follow the switching constraints and also take
into account the finite switching times of the semiconductor devices and sensor delays. Some of these rely on the output
current direction, while others rely on relative magnitudes of input voltages to activate the commutation stages.
However, the disadvantages of relative voltage based commutation method outweighs its advantages as has been
pointed out in [6] where the commutation time has been shown to be greater than the methods relying on output current
directions. The main disadvantage of output current detection based commutation is that the offset errors make
erroneous signals for commutation logic for which output may be open circuited causing over voltage. However, this
is of no major concern because of a clamp circuit connected between the input and output terminals [2] can be used to
effectively counter this problem. The over voltages can appear from the input side, originated by line voltage
perturbations. Also, dangerous over voltages can appear from the output side, caused by an over current fault. When the
switches are turned off following an over current fault, the current in the inductive load is suddenly interrupted. The
energy stored in the motor inductance has to be discharged without creating dangerous over voltages. A clamp circuit,
as shown in Fig.3, is the most common solution to avoid the over voltages coming from the grid and from the motor.
This clamp configuration uses 12 fast- recovery diodes to connect the capacitor to the input and output terminals.
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Fig. 3. Matrix converter with clamp circuit
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Therefore, the method using output current direction information has been considered here for further improvement in
commutation time. The output current direction can be sensed by using either output current sensors or by measuring
the voltages across each device in a bi-directional switch cells which was proposed and had been covered in details in
[7]. The process allows the current to commutate from one switch to another without causing a line-to-line short circuit
or a load to be open circuited. This commutation is known as “semi-soft” commutation since 50% of the switching is by
devices that are reverse biased. This implementation is asynchronous. In this method data transfer is not based on
predetermined timing pattern and is limited by frequent interactions between the sensor circuits during the commutation
process. This adds unwanted delays of the sensing devices to the commutation process. The total time taken by the
commutation process cannot be estimated quantitatively. A large number of sensing circuitry (one voltage sensor per
IGBT device) has to be used to implement the method. The sensors need to interact in between themselves as well as
the gate driver during the commutation process. This makes the control scheme complicated and offsets the other
advantages of two-step commutation using voltage measurements across the switching devices.

In this report, a generalized, synchronous switching logic for current commutation based on output current direction [8]
is considered for detail study and further improvement. The advantages of this schemes are (1) entire process of
commutation is a synchronous one, (2) is not affected by delays from current sensor circuits and (3) commutation time
can be conveniently estimated and fixed for any commutation requirement occurring any time and anywhere in the
circuit. This time is also programmable depending on the switching times of the semiconductor devices. The
commutation time used here (1.6 ps) for four-step commutation considering a particular type of IGBTs [9]. This is
negligible compared to the sampling period of pulse width modulation of 20 KHz (1.6 ps << 50 us). However, for
subintervals of the duty cycles, this commutation time may be significant. But this limit should be adhered to for safe
commutation. The commutation sub-intervals are general and hence, are applicable for all switching devices including
IGBTSs. The commutation process is described in the following section.

I11. GENERALIZED SYNCHRONOUS CURRENT DIRECTION BASED COMMUTATION METHOD

The commutation scheme is explained with the help of a two-phase to single phase matrix converter. The schematic of
the converter was shown in the section is shown in Fig.4. The two phase to single phase matrix converter is considered
to make the analysis simple but rigorous. The two ac voltage sources of same magnitude and phase but with phase
differences are the two input supply phases to the matrix converter. Two bi-directional switch cells connect those two
phases to the single phase load. The switch cells are composed of two emitter-coupled back to back IGBTs with inverse
parallel connected diodes. The modulation pulses for these switches obeys the constrains of switching i.e. at any instant
of time either of the switch cells must get switch —on gating pulse when the other receives switch-off gating pulse.
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Fig. 4: Two phase to single phase matrix converter considered in the scheme.

Four step commutation:

We consider the circuit shown in Fig.4. It is assumed that at the instant of time considered, the load current (i.) is in the
direction shown and that the upper bi-directional switch S1 is closed i.e. active. When a commutation to S2 is required,
the current direction is used to determine which device in the active cell is not conducting. This device (in this case,
S1R) is then turned off first. The device that will conduct the current

in the incoming switch is then gated (S2F in this example) after a time duration t.,. The load current begins to divert to
the incoming device. The outgoing device (S1F) is turned off just after the incoming device S2F (time interval t., )

starts sharing the load current. The load current is completely transferred to the incoming device after certain time
depending on the incoming voltage and circuit parameters. The remaining device in the incoming switch (S2R) is

turned on after time duration t., assuming the outgoing device will turn-off completely after this time interval. This
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will allow current reversals in steady state. This precaution is taken to prevent input short circuit. The process is
illustrated by the timing diagram as shown in Fig.5
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Fig. 5 :- Four step current commutation

Three step commutation:

In the case of a three step commutation method, Sz and Sie has to be turned on and off at the same instant. The
corresponding timing diagram is shown in the Fig.6. Since turn off time of an IGBT is greater than the turn on time
under all operating conditions [4], both the switching transitions can take place without violating the output open circuit
switching constraint and this will further reduce the overall commutation time. There will be a definite problem at low
current level due to offset in the current sensors for which the output current direction might be erroneously indicated.
Then the conducting IGBTs may be switched off causing output voltage spike. For example, if S1R is turned off at first
by wrongly sensing the current direction as positive, the excessive voltage will occur across the switches.

[l
I
B

Fig. 6: Three step commutation

The snubbers (R-C) across IGBTs can reduce the voltage spike [4]. For a large capacity IGBTSs, resistance for the
snubber must be set low to reduce heat dissipation and turn-on losses. For frequent change in the voltages across
snubber, losses in snubber itself are quite large. So, it is not suitable for high frequency pulse width modulated matrix
converter. However, this spike is reduced by a diode bridge clamp circuit commonly connected between output and
input terminals as an extra protection circuit which clamps the output voltage level within the input voltage
magnitude[2]

Single step commutation

In the case of a single-step commutation method, Sir, Sir are turned off by reverse bias gate voltage according to the
modulation signal and at the same instant of time, Sorand S, get the  turned-on gate pulses. The corresponding timing
diagram is shown in Fig. 7. The turn-off gate pulses make the outgoing conducting IGBT S1F to be turned off after the
turn-off time and make the non-conducting IGBT S1R turned-off quickly (will take less time than the conducting IGBT
because of absence of tailing current effect and no storage charge in the drift region). The turn-on gate pulses for the
incoming switch cell S2 make the incoming IGBT S2F turned-on within the turn-on time of the IGBT and make the
non-conducting IGBT S2R turned-on. There is a possibility of short circuit current for a very short duration when both
the IGBT S1F and S1R are in their turning-off and turning —on phase respectively. But this duration is negligibly small
because the other incoming IGBT S2F while begins to share the load current make the diode across the IGBT S2R in
forward conducting mode. The forward voltage drop across this diode set reverse voltage across the collector emitter of
the IGBT S2R making it OFF. Usually the IGBTS are rated to withstand this small duration short circuit current and the
input L-C filter reduces the level of this short circuit current. The single-step commutation has advantage of not
sacrificing the modulation pulse width for commutation. There is no requirement of current sensors also [8].
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Fig. 7: Single step current commutation

IV. SIMULATION RESULT AND DISCUSSION

A simulation programs are developed to study in detail the commutation process. The study is carried out with  two

phase to single phase (2x1) matrix converter. The simulation block diagram consists of different subsystems,
measurement blocks and scopes as shown in Fig.8. The subsystem “Two _switch cell” includes the two bidirectional
switch configurations using IGBTs and Diode blocks and the logic blocks for determining the current carrying status of
the IGBTs. The subsystem “Subsystem6” includes the control logic to distribute gating pulses for the IGBTs. Two ac
voltage sources having frequency 50 Hz , phase difference of 90° and peak magnitude 100 V are used. The load is a R-L
load where R=1 ohm , L =1 mH. Two pulse generators are used to provide modulation signals of frequency 20 kHz.
The modulation signals are phase displaced by 25 micro-second to maintain the switching constraint.
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Fig.8. Overall Simulation block diagram

MATLAB/SIMULINK result for four step commutation

The results are shown in Fig.9, Fig.10 and Fig.11 for output current direction is towards load as shown in Fig.3&4. As
soon as there is a change in modulation signal, the gate pulses of the respective IGBTS are generated to facilitate four
step commutation. There is no problem of input short circuit and output open circuit as evident from the simulation

result.
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Fig. 9 Four step commutation:; Gating pulses (a) gate signal for the outgoing IGBT 1F in switch celll, (b) gate signal

for the outgoing IGBT 1R in switch cell 1, (¢) gate signal for the incoming IGBT 2F in switch cell2 , (d) gate signal

for the incoming IGBT 2R in switch cell2 and () modulation signal for the switch cell 1, (f) clock input for the shift
register
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Fig. 10: Four step commutation (current carrying status): (a) status signal of forward conducting IGBT (1F) in switch
cell 1, (b) status signal of reverse conducting IGBT (1R) in switch cell 1, (c) status signal of forward conducting IGBT
(2F) in switch cell2, (d) status signal of reverse conducting IGBT(2R) in switch cell 2, (¢) Modulation signal, (f) clock
input signal to the shift register
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Fig. 11: Four step commutation (voltage and current in different parts): (a) Output load voltage across the R-L branch,
(b) current flowing in the input supply line connected to switch cell 1, (c) current flowing in the R-L branch, (d) current
flowing through Switch cell 1, (e) current flowing through switch cell 2
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MATLAB/SIMULINK result for three step commutation
The results are shown in Fig.12, Fig.13 and Fig.14 for output current direction towards load as shown in Fig.3.5. As

soon as there is a change in modulation signal, the gate pulses of the respective IGBTs are generated to facilitate three
step commutation. There is no problem of input short circuit and output open circuit as evident from the simulation

result.
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Fig. 12 Three step commutation: Gating pulses (a) gate signal for the outgoing IGBT 1F in switch cell1, (b) gate signal
for the outgoing IGBT 1R in switch cell 1, (¢) gate signal for the incoming IGBT 2F in switch cell2 , (d) gate signal
for the incoming IGBT 2R in switch cell2 and () modulation signal for the switch cell 1, (f) clock input for the shift

register
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Fig.13: Three step commutation (current carrying status): (a) status signal of forward conducting IGBT (1F) in switch
cell 1, (b) status signal of reverse conducting IGBT (1R) in switch cell 1, (c) status signal of forward conducting IGBT
(2F) in switch cell2, (d) status signal of reverse conducting IGBT(2R) in switch cell 2, (¢) Modulation signal, (f) clock
input signal to the shift register
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Fig.14: Three step commutation (voltage and current in different parts): (a) Output load voltage across the R-L branch,
(b) current flowing in the input supply line connected to switch cell 1, (c) current flowing in the R-L branch, (d) current
flowing through Switch cell 1, (e) current flowing through Switch cell 2
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MATLAB/SIMULINK result for single step commutation

The results are shown in Fig.15, Fig.16 and Fig.17 for output current direction is towards load as shown in Fig.4 . As
soon as there is a change in modulation signal, the gate pulses of the respective IGBTs are generated to facilitate single
step commutation. This has been observed that commutation will generate voltage spikes in the output. This magnitude
of these spikes increases with increase in output current magnitude for a particular value of load inductance. For a very
short duration, at the instant of start of commutation, the incoming switch cell takes finite time ( in the order of 100
nanosecond) to turn on. Until the switch is completely turned-on, the load circuit resistance jumps to a high value
causing voltage spikes as shown in Fig. 18. However, the voltage spikes are small. Although these voltage spikes can be
attenuated to a safe level by using a clamp circuit which allows path for the inductive current for very small duration of
time when both the two switch-cells are off at the start of commutation instant..
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Fig. 15 Single step commutation: Gating pulses (a) gate signal for the outgoing IGBT 1F in switch celll, (b) gate signal
for the outgoing IGBT 1R in switch cell 1, (¢) gate signal for the incoming IGBT 2F in switch cell2 , (d) gate signal
for the incoming IGBT 2R in switch cell2 and () modulation signal for the switch cell 1, (f) clock input for the shift
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Fig. 16: Single step commutation (current carrying status): (a) status signal of forward conducting IGBT (1F) in switch

cell 1, (b) status signal of reverse conducting IGBT (1R) in switch cell 1, (c) status signal of forward conducting IGBT

(2F) in switch cell2, (d) status signal of reverse conducting IGBT(2R) in switch cell 2, (¢) Modulation signal, (f) clock
input signal to the shift register
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Fig.17: Single step commutation (voltage and current in different parts): (a) Output load voltage across the R-L branch,

(b) current flowing in the input supply line connected to switch cell 1, (c) current flowing in the R-L branch, (d) current
flowing through Switch cell 1, (e) current flowing through Switch cell 2
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Fig. 18: Single step commutation (voltage and current in different parts) showing voltage spikes at the output: (a)

Output load voltage across the R-L branch, (b) current flowing in the input supply line connected to switch cell 1, (c)
current flowing in the R-L branch, (d) current flowing through Switch cell 1, (e) current flowing through Switch cell 2

V. CONCLUSION

In this paper, a generalized and synchronous implementation of a widely used current commutation strategy in matrix
converter through MATLAB simulink is presented. Output Current based different commutation techniques are studied
in depth. The reduction of input short circuit current, output voltage overshoot and commutation intervals are the major
objectives of the commutation techniques. This has been observed that even with the Four Step commutation technique,
input short circuit current can flow. The reason behind is explained. Near zero current the commutation scheme can fail,
causing output voltage notches.
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