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ABSTRACT The reconfigurable computing method is applied for the vector control system structure of
the tandem converter-fed induction motor operating in normal and failed conditions. The stator-field-
oriented voltage control of the VSI working in tandem together with a CSl is changed into rotor-field-
oriented current control of the CSI supplying alone the motor, if the VSI should be disconnected. The
reconfiguration process introduces perturbations in the vector controlled AC drive. The paper analyses
the perturbation effects based on simulation results. They were obtained with the help of a module
library in Matlab Simulink special created for implementation into the Field Programmable Gate Arrays

(FPGA).

1. INTRODUCTION

In different operating and supply mode the
induction motor needs different control
strategies. The change of the control structure is
required also in the case of the tandem converter
AC drive. The term “tandem converter” denotes a
recent solution of DC link Static Frequency
Converters (SFC), used in medium- and high-
power AC drives [1], [2]. It combines the
advantages of the two component inverters, with
different source character (current and voltage)
and different pulse modulation methods. The
larger Current-Source Inverter (CSl) is operating
in Pulse Amplitude Modulation (PAM) and
converts the active power, while the smaller
Voltage-Source Inverter (VSI) is working in Pulse
Width Modulation (PWM) and supplies the
reactive power required for improving the quality
of the motor currents in order to compensate
them in sine wave form.

Usually the tandem converter is sensible to the
failure of the component PWM-VSI. If it fails, it
has to be disconnected from the motor terminals
and the motor will be fed from the PAM-CSI only.
That means the modification of the motor supply
character from voltage source to current one [7]
[9]. Consequently the structure of the vector
control system has to be changed in order to
maintain the control of the drive. This is the
reason why the reconfigurable computing

method was applied to the control system of the
tandem converter-fed induction motor [5], [6].

2. RECONFIGURATION OF THE
TANDEM CONVERTER CONTROL
SYSTEM

Reconfiguration of the vector control systems
was presented in [3], [4]. For each vector control
scheme corresponds a state of the configuration
state machine supervised by the configuration
manager. In [4] was treated the configurable
state machine and in [5] the state machine was
associated to the reconfiguration of the tandem
converter system as is shown in Figure 1.

The most sensitive operation mode for the drive
is when the VSI fails, and the control structure,
looses its voltage-source character.

Figure 1. Reconfigurable state machine with
different vector control structures in each state.
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Figure 2. Reconfigurable vector control system for the tandem converter-fed induction motor.

In this undesired case the motor can be fed only
by the CSI, and the current-control concept will
be applied. In such a situation, the original
voltage control structure of the converter cannot
correspond any more to the new demands and
this justifies the need for reconfiguration.

The reconfiguration states from Figure 1 are

corresponding to the control structures of the

three following supply modes of the induction

motor:
e State 1: Tandem converter-fed induction

motor with voltage control;

State 2: Current-Source Inverter-fed

motor with current control;

State 3: Voltage-Source Inverter-fed

motor with voltage control.

In order to make possible the reconfiguration and
the analysis of the perturbations introduced by
the reconfiguration process in the AC drive, let
us present two control structures on which the
reconfiguration was studied. Figure 2 presents
the reconfiguration control structure for State 1
and State 2 above mentioned. The control
structure of the stator-field-oriented tandem-fed
induction motor has to be reconfigured into a
rotor-field-oriented CS/-fed one. Figure 2 also

corresponds to the two different hardware
structures implemented in reconfigurable chip
(CSoC). The multiplexers (muxes) select the two
above mentioned control strategies. In the
followings there are described shortly the two
corresponding vector control structures.

Tandem-converter-fed induction motor. The
currents of the AC machine should achieve the
sine-wave pattern. The output currents of the
tandem converter (i.e. the stator currents) in
each phase are to be equal to the fundamental
currents of the CSI, and they are:

(1)

The current in a phase of the VSI will be the
difference of the stator current and the square-
wave CSI current in the same phase, as is
observable in Figure 3. In the case of the tandem
converter the motor in fact is fed in voltage from
the VSI, which determines also the CSI voltage
at its output. Consequently, from point of view of
the motor control, the actuator will be the PWM-
VSI and not the PAM-CSI. In such a situation the
stator-field orientation (see Figure 2, data-path 1
of the mux) simplifies the cross—effect
computation and offers a simpler identification of
the orientation field [7], [9].

Is_ab,c = lcsi abe ¥ Ivs abe
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Figure 3. Current waveforms at the output of the
tandem converter.

CSl-fed induction motor. The CSI will supply
alone the motor if the VSI fails. The VSI will be
decoupled from the motor terminals and in the
same time instead of it, there will be connected
three current filtering capacitors. Due to the
current-source character of the CSI, the control
system will be reconfigured in rotor-field
orientation one (see Figure 2, with data-path 2
selected by the mux).

Several reconfiguration methods are known in
the literature, but the most suitable method for
the vector control systems is the so called
“context switching” method mentioned in [8],
where the configuration manager switches
between the configuration contexts. For each
context is allocated a given structure of the
vector control system (i.e. each context is a
configuration logic state). There are three
possible pre-computed structures as was
presented in the reconfiguration state diagram in
Figure 1. These control structures guarantee that
the motor will be controlled with the adequate
control strategy if the tandem converter is
working in normal conditions or any of the
component inverter fails (i.e. fail safe operation).

Due to the expression of the electromagnetic
torque, which is depending on the orientation
field:

l//risq/l r? (2)
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the torque computation block m,C needs also
reconfiguration.

3. PERTURBATIONS INTRODUCED BY
THE RECONFIGURATION PROCESS

Because of the reconfiguration from one control
structure to another (i.e. from tandem CSI+VSI to
CSI structure), may appear some unavoidable
and undesired transients in the controlled
variables of the drive. The ftransients appear
usually as damped oscillatory signals, which
persist for relatively short time after the
reconfiguration has occurred. The transients
were treated for reconfigurable control loops also
in [10] and [11]. The problem of the
reconfiguration transients is well known by
control and audio processing communities,
however only a few research reports treat the
suppressing of these transients in dynamical
reconfigurable systems. There are several
solutions for the reduction of reconfiguration
transients. Péceli in [10] presented the transient
reduction methods treated for filtering problems.
The transients in the reconfigurable vector
control system need to be carefully analyzed due
to the dynamic performance of the drive system.
The reconfiguration of a vector control system
introduces perturbations in the AC drive, which
actually are transients due to the changes of the
control structure, i.e. of the hardware structure.
The reconfiguration transients for the AC drive
act as disturbances and reduce the quality of the
drive performances.

timel[s]

Figure 4. Simulated current waveforms before
and after reconfiguration.

For this reason it is important to reduce the
reconfiguration transients. In the particular case
of the tandem converter controlled AC drive the
source of the above mentioned transients, which
act as perturbations in the motor, is not only due
to the reconfiguration process itself. Let us take
the case of the reconfiguration from State 1 to



State 2, the case when the VSI fails. The source
of perturbation is also the switching process from
the failed VSI to the capacitors. This switching is
also part of the reconfiguration but this has
directly influences on the stator currents. The
overall influence of the reconfiguration, i.e. the
introduced perturbations, can be observed in
Figure 4. In this case, the perturbations
introduced in the AC drive appear mainly
because of the reconfiguration from a structure,
which has voltage-controlled character (i.e. for
the tandem converter-fed motor) to another
structure with current-controlled character (i.e.
for the CSl-fed-motor) of the drive.

As can be observed in Figure 2 the two control
structures (CSI+VSI) and (CSI only) have
common computing modules. These modules do
not need reconfiguration — even if in the two
control structures they compute different physical
parameters (voltage and/or current intensity).
The only exception is perhaps the case of the
flux controller, where with the change of the field
orientation character (from stator to rotor) the flux
reference itself is changed and due to this
change, it will generate transients. One solution
to avoid this is to use in parallel two flux
controllers, one for the stator flux and another for
the rotor flux. When the reconfiguration
supervisor generates a reconfiguration process,
started by the VSI fail, in parallel will switch
between the two controllers by using a
multiplexer.

4. SIMULATION RESULTS

The reconfiguration from the tandem converter-
fed structure to the CSl-fed one was simulated
using MATLAB-Simulink® environment. The
induction motor data are: 5.5 kW, 50 Hz, 220
Vims: 14 Ams, €cos@ = 0.735 and 720 rpm (4 pole-
pairs). The motor was started with the tandem
converter and after one second it was
reconfigured.

For the implementation of the reconfigurable
vector control structure in Field Programmable
Gate Arrays (FPGA), for rapid prototyping and
simulation of the reconfiguration process a
module library was created. The simulation made
with the help of this module library, which can
directly implemented in FPGA structures, shows
promising results. The control algorithm,
implemented in Triscend’s CSoC chip with ARM7
RISC processor, was decomposed in elementary

mathematical operations. This  procedure
permitted the elaboration of a module library
using Matlab Xilinx Toolbox in order to be
implemented the control structure into the FPGA
chip.

Figure 4 show the ftransients (perturbations)
introduced in the stator current, CSI current. It is
also observable the transition from the VSI to the
capacitors.
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Figure 5. Motor stator-current space-phasor.
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Figure 6. CSI output-current space phasor.

The transient influence on the AC drive — while
the stator current waveforms became sinusoidal
again is between 0.025s — 0.15s. During this
time, the controlled parameters of the motor
suffer perturbations. Figure 5 to Figure 13 show
these influences on the represented parameters.
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Figure 7. VSI or capacitor-current space phasor.
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Figure 8. Stator-flux space phasor before and
after reconfiguration.
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Figure 9. Rotor flux space-phasor before and
after reconfiguration.
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Figure 10. Stator-terminal-voltage space-phasor.
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Figure 11. Dynamic speed-torque mechanical
diagram.
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Figure 12. Electromagnetic torque and electric
angular speed.
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Figure 13. Rotor and stator resultant flux.

The simulation results made with the created
module library compared with [5], [6], [9] perform
similarly and in some cases the results were
better then the simulations done with Simulink
library elements. The reconfiguration fulfils the
expectations.

The simulation results proved that the
reconfiguration  influences the  controlled
variables of the AC drive. The perturbations of
the drive result from the reconfiguration process
itself and also from the change of the control
structure.



5. CONCLUSIONS

The reconfiguration-generated perturbations in
the AC drive influences its variables. Each
variable reacts in particular way to the
reconfiguration. The stator flux — controlled
before reconfiguration — is sensitive to the
transients for about 0.05s, while the rotor flux,
which is controlled after reconfiguration, will
reach the controlled level in about 0.11s. The
motor speed and the electromechanical torque
perceive the most important negative effects.
The CSI controlled motor achieves closely the
reference parameters in about 0.1s — 0.15s.
Further research should be made to find
solutions for the compensation of these negative
effects.

State 3 when the CSI fails it was not treated here
and neither in [5] and nor in [6]. For this reason
the reconfiguration state machine should be
extended to this situation and should be
investigated this possibility, too.
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