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IMPROVING CONTROLLERS QUALITY OF ELECTRIC DRIVE
SYSTEMS FOR INDUSTRIAL MACHINES ON THE BASIS
OF POWER CONVERTER - INVERTER

NANG CAO CHAT LUGNG BO DIEU KHIEN CHO HE THONG TRUYEN DONG MAY CONG NGHIEP

TREN €0 SG BO BIEN TAN CONG SUAT

ABSTRACT

The paper presents research on the calculation method of designing optimal
current control problem sets to improve the quality of inverter systems used in
industrial machine control with loads of, three phase AC asynchronous motors.
System kinetics to evaluate control methods. The main goal of adopting the
optimal control method of the energy flow to the converter and the three phase
inverter is to requlate the output current. The AC side has the desired sine wave
shape, the voltage across the ac phases is stable with low oscillation. The
simulation results when applying the proposed research method for the three
phase inverters were simulated on Matlab Simulink software. And experiment
with phase flow inverters has proven the advantages of the converter, the
proposed algorithm has improved the output voltage and current quality of
three phase inverters with industrial load.

Keywords: Power controller, current control, three phase AC motor control,
power electronics, inverters.
TOM TAT

Bai bédo trinh bay nghién cu vé phuong phap tinh todn thiét ké bo diéu khién
dong dién t6i uu nham ndng cao chat lugng hé thdng bién tan st dung trong diéu
khién mdy cng nghiép c6 dong co truyén dong téi loai khdng ddng bo xoay chiéu
ba pha. Muc tiéu chinh ctia viéc 4p dung phuong phép diéu khién t6i uu dong ning
Iugng tGi bd bién ddi va b nghich luu ba pha dé diéu chinh dong dién dau ra, tir do
dem lai két qué dién ap va dong dién xoay chiéu ¢d dang song sin mong mudn, on
dinh véi dao dong thap. Két qua mo phang khi ap dung phuong phap nghién ciu
dé xuat cho bd nghich luu 3 pha dugc md phdng trén phan mém Matlab Simulink.
K&t qua thuc nghiém véi bd nghich luu dong pha da chiing minh dugc uu diém ca
bd bién ddi, thuat toan dé xuat, da cai thién dién p dau ra va chét luong dong dién
clia bd nghich luu ba pha véi phu tai cong nghiép.

Tir khéa: Bo diéu khién nqudn cong sudt, diéu khién dong dién, diéu khién
ddng co xoay chiéu ba pha, dién tir cong sudt, bién tdn.
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Vu Huu Thich'", Pham Nhat Khiem?,
Pham Thi Thu Ha? Tran Duc Chuyen?

1.INTRODUCTION

In recent years around the world, science and
technology are making great leaps. The electric drive field
has grown strongly and is present in many fields of
industrial and military control. The developed capacity
electronic control systems associated with electric drive
systems and microprocessor techniques, programmable
control techniques, technological process automation, etc.
Therefore, it is necessary to Improving controllers quality of
electric drive systems for industrial machines on the basis
of power converter - Inverter [1, 2, 4, 5, 6].

Using power electronic converters with power
semiconductor elements such as transistors, Bipolar
junction transistors (BJT), Thyristor (Silicon Controlled
Rectifier), Gate turn off thyristor is GTO, Mosfet, JFET, IGBT,
etc. is possible ability to withstand high currents and
voltages and ensures fast action of the drive system. In the
control  measurement  circuits  using  microchip
components, microprocessors and informatics technology
to have compact structure, high technical features to
maximize the working ability of the electric motor to satisfy
the technological requirements with high precision, wide
control area.

The improving quality digital drive control systems are
increasingly used and have outstanding advantages such
as easy adjustment of voltage and frequency value of
power supply to motor [2, 4], size and compact weight,
stability of characteristics, fast actuation, and easy
parameter optimization thanks to microcontrollers and
microprocessors. Improving the switching control
algorithm of semiconductor locks is one of the urgent
requirements to improve the output voltage quality and
ensure safety as well as improve the life of semiconductor
and simple equipment hardware circuitry [8, 11, 12, 15].

Some previous studies have focused only on the
problem of controlling reverse system, optimally using
semiconductor valves, some control methods of frequency
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change, modeling and change, the opening and closing of
semiconductor valves in a ballast system [7, 9]. These
documents do not pay attention to the quality problem of
the system control and when the load is consumed.

The main research content of the paper is to study the
optimal current control to improve the quality of the three
phase inverter system controlling in industrial machines:
such as CNC machine tool system, robot machine system in
industrial, conveyor system of mixing plants in cement
factories, etc is now very necessary.

2. THE BUILD A CONTROLLER MODEL

2.1. Structure diagram of three phase inverted bridge
The power circuit of three phase inverter with output LC

filter considered in this paper is shown in Figure 1. The

converter and filter models are presented here, and the
load is three phase load.
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Figure 1. The three-phase inverter with output LC filter

The controller uses a model of the system to three
phase inverter, on each sampling interval, the behavior of
the output voltage for each possible switching state. Then,
a cost function is used as a criterion for selecting the
switching state that will be applied during the next
sampling interval. There is no need of internal current
control loops and no modulators; the gate drive signals are
generated directly by the control [3, 6, 8, 10].

Figure 2. The voltage vectors generated by the inverter

2.2. The Optimized quality improvement for a three
phase reverse flow system

With the switching rules of the current pulse-width
modulated inverters, the same current is often present in
the column of the inverters, to eliminate it normally in the
microcontroller must integrate a firing tool. Deat time
complicates the programming algorithm, so the problem of
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eliminating duplicate current only by improving the
switching law contributes to simplify the microcontroller
structure as well as easily set up control. each state of the
inverse bridge. The switching states of the converter are
determined by the gating signals S,, S, and S, as follows [2,
4,5,111:

1,if S1 on and S4 off
:{ (M

a 0,if S offand S4 on

_ {1, if So on and Sg off
2=

0, if S offand Sg on

_ {1, if 53 on and Sg off
a

o, if S3 off and Sg on (3)

and can be expressed in vectorial form by:

2 2
S=_(S5 +aS;, +a°S 4
3(a b c) (4)

Where, a=e”?"3. The output voltage space vectors
generated by the inverter are defined by:

2 2
V= g(UaN +avp +auey) (5)

Where, uan, Ubn, Uy are the phase to neutral (N) voltages
of the inverter (Figure 1). Then, the load voltage vector v
can be related to the switching state vector by:

V= Vdc.s (6)
Where, V4. is the DC link voltage.

Considering all the possible combinations of the gating
signals S, S, and S, eight switching states, and
consequently, eight voltage vectors are obtained. Note that
Vo = V7 resulting in only seven different voltage vectors, as
shown in Figure 2. Here, using modulation techniques like
PWM, the inverter can be modeled as a linear system.

With a more accurate model of the converter model
could be used for higher switching frequencies. It may
include deadtime, insulated gate bipolar transistor (IGBT)
saturation voltage, and diode forward voltage drop, for
example. In this work, emphasis has been put in simplicity,
so a simple model of the inverter will be used for control
system.

In a balanced three phase load, the current can be
defined as a space vector by:

i= %(ia +ai, +a’i.) 7)
and the load EMF as
e= %(e&I +ae, +a’e,) (8)

In this way, the load current dynamics can be described
by the vector equation.

ey di
v—R|+La+e 9)
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where R is the load resistance, L the load inductance, v
the voltage generated by the inverter, and e the load back
EMF. For simulation and experimental results, the load back
EMF is assumed to be a sinusoidal with constant amplitude
and constant frequency. Then authors building a discrete
time form of the load current (9) for a sampling time T, can
be used to predict the future value of load current with the
voltage and measured current at the ks sampling instant.
Approximating the derivative di/dt by:

di N i(k)—itk-1)

& T, (10)

And then replacing it in (9), the following expression is
obtained for the future load current:

ik) [Li(k =1+ Tgv(k) - Ts (k)] (11)

TRT 4L

where the term RTs could be neglected if the sampling
period is small enough and the load is mainly inductive.
The shifting the discrete time one step forward in (11), the
future load current can be determined by:

. 1 .

'(k+1)=RT_ES+ [Li(k) + Tgv(k+1) — Tse(k + 1)] (12)
The load back - EMF can be estimated using (11) and

measure ments of the load voltage and current, resulting in

the following expression:

RTs-+L

£k (13

e(k) =v(k)+ Tii(k --
S

where, é(k) is the estimated value of e(k).

Then during the time the semiconductor valves are in
service, the EMF component value can be calculated using
the extrapolation of the estimated current and past values
of the set setback EMF, or the state that the following EMF
did not change significantly over a sampling period and in
that case, assume e(k +1) = e(k) .

Then in the proposed predictive algorithm, (12) is
evaluated for each of the possible seven voltage vectors,
giving seven different current predictions. The voltage
vector whose current prediction is closest to the expected
current reference is applied to the load at the next
sampling instant.

2.3. The linear Current Control With PWM
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Figure 3. The model current control with three phase load
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In this control strategy, shown in Figure 3, measured
load currents are compared with the references using
hysteresis comparators. Each comparator determines the
switching state of the corresponding inverter leg (S., Sk,
and S.) such that the load currents are forced to remain
within the hysteresis band.

The PWM current control scheme is shown in Figure 4.
Here, the error between the reference and the measured
load current is processed by a proportional integral
controller to generate the reference load voltages. A
modulator is needed to generate the drive signals for the
inverter switches. The reference load voltages are
compared with a triangular carrier signal, and the output of
each comparator is used to drive an inverter leg.
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Figure 4. The pulse width modulation current control

Pulse width modulation (PWM), or pulse duration
modulation, is a method of reducing the average power
delivered by an electrical signal, by effectively chopping it
up into discrete parts. The average value of voltage (and
current) fed to the load is controlled by turning the switch
between supply and load on and off at a fast rate. The
longer the switch is on compared to the off periods, the
higher the total power supplied to the load. Along with
maximum power point tracking, it is one of the primary
methods of reducing the output of solar panels to that
which can be utilized by a battery. The PWM is particularly
suited for running inertial loads such as motors, which are
not as easily affected by this discrete switching, because
their inertia causes them to react slowly [2, 5]. The PWM
switching frequency has to be high enough not to affect
the load, which is to say that the resultant waveform
perceived by the load must be as smooth as possible. With
this method, constant switching frequency, fixed by the
carrier is obtained. The performance of this control scheme
de pends on the design of the controller parameters, and
on the frequency of the reference current. Although the PI
controller assures zero steady state error for continuous
reference, it can present such an error for sinusoidal
references. This error in creases with the frequency of the
reference current and may become unacceptable for
certain applications [1, 2].

With the design and control structure on the three-
phase inverters, we have the waveform of the PWM
modulated reverse voltage source converter with the three
phase inverters structure diagram using the valve IGBT, we
have the waveform simulated as shown in Figure 5, as [2, 4].
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Figure 5. The carrier waveform and modulation, the output voltage
waveform for controllers

3. THE SIMULATION AND EXPERIMENTATION
3.1. The Simulation

The after studying the calculation, algorithm and
modeling and control of the three phase inverted system
with the control system structure was proposed in Part II.
To illustrate the operation of the control system with three
phase asynchronous motor alternating loads, we conduct
simulation and evaluation results to verify the correctness
of the system is research problems in the environment
Matlab Simulink [13, 14] with the following parameters:
three phase AC motor, P = 2,2kW, U = 380V, | = 8,6A, speed
1500rpm, p = 2, frequency 50Hz.

The simulation model of the PWM modulated three
phase voltage inverter system for the load is a three phase
asynchronous motor built on Matlab Simulink as shown in
Figure 6.

iy

Figure 6. Schematic simulation system built on Matlab Simulink

The simulate a three - phase reverse flow system with
voltage values of phases A, B, C and current values
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corresponding to phases A, B, C as shown in Figure 7,
results of simulation of separate price The value of phase A
voltage and current of phase A are shown in Figure 8.

Time [3]

Figure 7. The voltage and current values of phase A, B, C of three-phase
inverters simulated on Matlab Simulinks

Current |

Tlme[;]
Figure 8. Voltage and current in one phase

Observing the simulation results above we see that in
the response time from 0 to 1 second, the system response
to the voltage and current values of the inverter shows the
correct control structure. Correct with the selected
parameters of the rectifier. From the curvature
characteristics of the speed, current, and flux we see that
the output response is always asymptotic to the initial set
value even when the speed of a three phase motor is
changed, the system always works well. This is a new
scientific issue, completely applicable to the practical
industrial and civil production.

3.2. The experiment

Experimental study with three phase reverse flow
system as shown in figure 9 and figure 10, including:
Parameters of AC asynchronous motor three phase are the
same as those in simulation, motor is hard coupled to the
load: DC motor: P = 4kW, U = 220V, | = 8,6A, speed
1750rpm, frequency 50Hz. Devices located on inverted
table: current transformer 50A/5A, power module IGBT
25A/1200V, digital control module dsPIC30F4011, display
module LCD - ICEA, oscilloscope, power source transformer,
etc. The test system with inverters parameter table is as
follows:
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Table 1. Parameters to select devices for inverters

Description Value
Voltage DCinput for inverter 60 - 200VDC
Voltage DC - link 750V
Pulse frequency 10kHz
Filter cutoff frequency fc 25Hz
Capacitor C of the filter 4800pF
Filter reactor L 2,5mH

The detailed layout of the control equipment of the
three phase inverted test table is shown in Figure 9 and
Figure 10 is an actual experimental table connected to a
three phase motor load and a DC motor load (to generate
load).

B Ma

LCD

Bs STOP  START

00

Figure 9. The structure diagram of reverse flow table with three phase
storage AC motor control with load

Figure 10. Image of experimental structure of three phase inverter flow in
the laboratory

The objective of the experimental process is to evaluate
the quality, demonstrate the performance of a three phase
inverter using the filter to improve the output voltage of
the inverter, to feed the rotating machine dimension with
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the load as calculated and proposed above. From there,
checking, surveying and evaluating the quality and
comparing with the simulation results of the system,
thereby proving that the system not only works well on the
Matlab Simulink simulation, but also works well in the
system real time system.

The measured response is the value of voltage and
current at the back of the three phase inverter, when the
filter is passed. At the time the system is operating when
the load changes from no load to the load, the load change
time is 25ms out of the total system response time of 50ms.

The measured response is the value of the voltage and
current at the back of the three phase inverter, when
passed through the filter as shown in Figure 11. At the time
of system operation when the load changes from no load
to load, the load change time is 25ms in total system
response time is 50ms.

Through the research results, we can see that the
system has been calculated and built to contribute to
improving the quality of electric energy sources of three
phase inverter systems in industrial machine control. The
system meets the standards of power quality, this is a new
scientific issue, completely applicable to the practical
production of industrial machines, in civil, defense and
security.

Ua Ub Ue

Figure 11. Voltage and current values of the system with variable load: from
no load to have load

Comparing the results with studies in [7], and in
previous studies [9], the results achieved by the paper are
better than the simulation with time to reach a small
equilibrium value both value of current, voltage, capacity
and experimentation with optimal current control system
to improve the quality of inverter systems in control in
industrial machines, with process control Load controls
work well in real time.

4.CONCLUSIONS

The improving quality of electrical energy from other
energy sources such as (solar energy, wind energy,
generator energy, etc.) that is DC power produced, want to
bring In industrial use, it is necessary to pass an optimized
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three phase inverter to control current to improve the
quality of inverter systems in industrial machine control
that the authors have studied. The simulation results have
shown the correctness and feasibility of the proposed
solution. The system can be used for industrial and civil
production and to balance energy supply and demand in
renewable energy systems that work either independently
or with a microgrid. Optimal current controlled inverters for
improved quality of three phase inverter systems in
industrial machine control have been developed and
verified with experimental results on in-room three phase
inverters experiments in Figure 11, the results given in this
paper are consistent with the IEEE 519 power quality
standard that countries are using.
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