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Implementation of Resonance in AC Motor
Through Multi-Level Inverter
Based on PLL Technique
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Abstract—In this paper presents the multi-level inverter
which operates at the desired frequency. The desired frequency
is designed with the filter on Phase Lock Loop (PLL)
controller. This scheme proposed is controlled in the close-loop
system by PLL controller and the tracking resonance
controller. The multi-level inverter was used to drive the AC
motor which changes the speed of the motor instantaneously.
The PWM signal of the controller was controlled by PLL
controller and designs the band-pass filter by resonance
controller. This control scheme is estimated phase and
frequency in DQ-transform of the PLL controller with the AC
motor characteristic. The speed of the motor was detected the
position in the stationary frame. The current of the motor is
used for feedback and generating the central frequency for
controls the speed of the motor. The PLL controllers were
tracked and lock the frequency of the desired signal which is
determined high-precision and accuracy of switching sequence
in PLL controller for motor control.

Index Terms—Multi-level inverter, PLL controller,
Resonance Control, Speed Controller, Band-Pass Filter

I. INTRODUCTION

N recent years, the electrical power systems has been

widely investigated for high efficient by sensorless
control, directing for the decrease of losses and disturbance.
In the industries, the platforms of control are high
performance followed the propose control. In this paper, we
introduce the dynamic control is used to hold the stator
current in the AC motor. The dynamic control of this
technique based on the adjusted sequence control was
proposed for nonlinear system which control strategies of
inverter source have been presented in this paper [1]. The
control structure consists of an AC control loop, which is
tracking the response of the sinusoidal references and the
output voltage of the inverter has commanded to the accurate
control in the application. [2].

This purpose technique is used to apply the electrical
signals from the encoder. A dc control loop is responsible
for the control of the voltage error. The error of the control
signal and feedback signal is zero or reached zero on steady-
state. The output voltage of the inverter can be achieved the
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good waveform. The objective is used to control the AC
motor by the resonance controller. A single phase inverter
has been investigating the phase control by PLL controller
that is employed with the resonance controller. The
resonance of power system was suppressed via measuring
the speed feedback of the motor [3]. The PLL controller is
used to cancel the error of the phase angle which is driving
the gate of the inverter. The compensation of the speed is
obtained from the resonant mode tuned in the desired
frequencies.

This issue presents the implementation and control
performance on resonance state. We are focused the
dynamic behavior and effects to control the AC motor. The
resonant controller make use to estimate the angle on dg-
axes algorithms. The harmonic distortion of the multi-level
inverter can be removed by a low - pass filter which causes
the reduction of the overall control accuracy. In higher-order
controlled, the control system has unstable while the
resonant controller is used to compensate for loads [4]. The
resonant controller improves the phase control signal by the
transfer function of the controls. The influence of
mechanical resonance can be watched over the behavior of
the AC motor and cut the effects by adjusting the frequency
in the PLL controller [5]. In the resonance, the frequency
will be made decrease the power of the AC motor that using
the inertia of the motor increase suddenly. In the power
control, the AC loop tracks the current and the DC loop
tracks the voltage.

II. METHOD DESCRIPTION

A. Speed Control

In this section, we obtain the speed feedback which
expresses the pattern of the frequency. In fig.1 (Refered
from [6]) shows a model is presented the stability of the
closed-loop system. The production of the inverter is
measured and transmitted to the AC motor. A typical AC
motor control system is included of the motor connected to a
load through a junction and a driver [6]. An encoder is
attached to the motor shaft to make the closed circuit
feedback. The speed of the motor is fed back to the current
inverter. The speed signal can adopt by the speed sensor.
The current feedback is compensated to according the
parameter variation of the load. The control strategies base
on the PLL controller and speed controller. The PLL
controller is synchronized to the voltage of AC motor to line
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Fig.1 Circuit scheme proposed.

voltage of the inverter. In this paper, we propose a method to
eliminate electrical resonance by designing the dynamic-
control concentrated with feedback [1],[3],[4]. Thus, the
electrical resonance can be eliminated by modeling control
proposed. In particular, characteristics determine the
behavior in the tracking of resonance controller and employ
with the PLL controller. The circuit scheme proposed of the
motor is showing in fig.1. This structure is proposed for
adaptive control. The output filter has influenced the system
stability that related the harmonic [2]. In analyze, the
inductive loads does not affect the complete filter phase.

B. Resonance Frequency

The output voltage is related to the load by the PLL
controller. The control proposes consisting of the PI
controllers that are current loop and voltage loop. The
current controller is obtained from the reference current in
the job of the inverter and the current loss of the AC motor.
The resonance controller has been selected to be used in this
proposed control that is able to produce the gain control in
order to reach zero steady state error. The resonance
controller approximates the resonance frequency at a good
trade-off between accuracy in tracking and implementation
[41,[7]. This method is important in control design, analysis
and synthesis. The resonance frequency tracking can be
illustrated in fig.2 and band pass of the resonance controller

is showing in fig.3.
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Fig.2 Resonance frequency tracking.
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In fig.3, the resonance frequency is obtained from
between difference the reference frequency and the motor
frequency. We are used the capacitor current and the output
voltage to controlled the phase and frequency. The phase is
locked to be 90°degree at the resonance frequency.
However, phase control can be achieved by adding two
terms of mathematical models which related to the desired

angle @ at the resonance frequency [4].
H:Iw*+(wciAw). (1)

The resonant controller having the well-known transfer
function illustrated in (1) is considered [4].

0] 2w, s
G(s)=—2 = 5 b -
@ s°+2¢0w,s + w,

err

2

From transfer function (2), we can be obtained the

resonant frequency (f ) as follows [8].

res

fo=e G)
R NN

The motor speed signal obtains from the speed observer
that is employed to improve the system. The structure of the
speed observer is written in mathematic model as [1].

V. =Ri, +L%+Kma)m sin(w, t) . (4)

o

We can be considered the dq model of the two axes in the
stationary frame of the ac motor as given by [6]

vy | | Cos@ Sin0 |V, 5
v, | -Sin0 Coso v, | ®
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III. OPERATION PRINCIPLES

This section presents the development of the proposed
controller for technique controls and there is derived into
three sections.

A. Frequency and Speed Close-loop Control

For the stability of the controller is considered an
uncertain load. There are several methods to determine the
parameters of the performance frequencies (f). The robust
stability proof can be derived by using the mathematical
equations.

o, —Aw o, . +Aw
Fig.4 Central frequencies and bandwidth.

In fig.4 can be show the bandwidth of the frequency and
central frequency that were related with the phase angle. The
phase angle was fixed by the PLL controller which is
estimated by band-pass filter in the resonance controller.
This method provides the ability to control the phase in
order to compensate the phase in our system. The desired
phase to be compensated is an expression in (6) that directly
affect from the magnitude.

The phase angle of resonance (¢,,,) can be calculated at

the resonance frequency is
T
O =Pt (©)

The desired phase angle (6) of the frequency at the
resonance frequency can be written as

ZO(w)=ot+o,, . (7

However, all these parameters have to be considered for a
proposed control. The magnitude and phase have affected by
the behavior of the inverter output power. The magnitude of
the resonance frequency is expressed as in (8) [10].

frew = [, () = H(jw)e'™. (8)

In the trust, the inverter will connect with loads as a
resistive load and an induction load which equivalent the AC
motor. The output voltage of the inverter will be eliminated
the harmonics by the filter which consist of the switching
component. The harmonic distortion is presented in the
voltage form that operating to establish control in this
strategy. When the system has to start in a nonsynchronous
condition, the PLL must be performed the operation on the
frequency and band-pass.

The resonant compensators are rejecting the asymmetric
harmonics, which is presented in a frequency term. The
energy flux of the control scheme is absent by the PLL that
is interested to control functions. The magnitude and phase
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are used in tuning the process and evaluating the control
parameters. In order to appropriately design and tune the
PLL controller, low-pass filter is behaved with frequencies is
then analyzed. The grid frequency is utilized to check the
current in an AC motor which obtained from the PLL
controller. In fig.5 is showing the block control that is used
to compensate both magnitude and phase of the control
signals by PLL controller.

Inverter LC AC
Voltage » Resonant Motor
source Model

Close-loop Feedback

PLL
Controller

Fig.5 Block diagram of control proposed.

The control purposes are able to choose the gain and
phase of the controller according to the load condition. The
current loop is helped to compensate speed of the motor.
The current is a controlled variable two synchronizations
during initialization and transients. The current is employed
to change the speed motor for this techniques control. A
mathematic model based on dg-axes frequency estimation
should be obtained suitable phase angle. However, the phase
angle of control signals can be estimated in the voltage of
dg-transform that is used to calculate the speed of the ac
motor [1].

Vol [r+Lp 0 T,
v, 1o r+Lp|i,
cosé |

+K . 9

The loop for compensation of speed is presented, using
resonant compensators and the equivalent model of the
motor in the dg-axes. The phase error has been reached to
cross zero degrees at the resonance frequency [1].

Vo, =V, sin0+V, cosf

-(r+Llo,)i, +i,) . (10

B. PLL Controller and Application

This paper presents the study and implementation of the
phase lock loop (PLL) controller base on the resonance
condition. The amplitude of the measured voltage is
compared with a reference voltage. This proposes have
compensated the phase which is caused incorrect of the
modulation and switching on the inverter. The sampling
signal and modulation delays can be made by compensating
the phase which adds the error phase. The capacitor current
and output voltage can be let as [6]
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v, =V cosd.

i, ==V sin@.

(11)
(12)

The phase relationship of the capacitor current and the
output voltage has the difference phase as 7 /2 of the
output voltage. In the PLL controller, we can assume the two

signals in dq transform as Vs and v, .These variables can

be calculated in matrix transform as [6],[9],[10]

(vqej cos@ —sin6’ (vqu
= . . (13)
Ve sind  cos@ Vs

The current is connected of the two components between
the source and load that is synchronized inverter and AC
motor. The current of the inverter is flowing to the loads that
connected both others in parallel mode. A frequency and a
phase are obtained from a signal that connected between
inverter and PLL controller. The investigation was extended
to the changing frequency of the inverter in order to function
at the resonance frequency. The block diagram of the
estimation scheme is shown in fig.6 [1],[5],[6],[9]. The PLL
controller can be designed the bandwidth of frequencies with
the resonance controller, which is defined by wp . The
inverting transform is reversing the voltage of the

motor (V,,V,) to the voltage of control signal(v,,v,).
Moreover, the speed of the motor is estimated in two current
signals which are generated the frequency of the switching

devices. The frequency from the PLL controller (mpr;) can
be designed to hold a reaction at specific frequencies.

Ly 1y
v, \ v, \

ab Dpyy,
v PLL Controller —
b :

—

Fig.6 The PLL controller and dq transform.

The control parameters calculated the frequency and the
duty cycle in current loop and voltage loop, respectively. In
the PLL controller, the PWM pulses were generated from
the DC voltage comparison with the triangle waveform that
can be adjusted the frequency and duty cycle. Computation
of the control voltage can be received back from the phase
angle and amplitude in the PLL controller.

C. Resonance Frequency Analysis

This technique is used a current and a voltage in the LCL
model to apply the resonance frequency. On resonant
controllers in two dimensions are tuned to get a desired
frequency. The phase delay has 90 degrees at the resonant
frequency and the phase reference has 0 degrees. The
absence of PLL has the advantages the syntheses the control
signal. The quadrature signal is obtained by estimating a
resonant filter and PLL controller on the output voltage.
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At the resonant frequency of the filters, the input signal
was adjusted the frequency to check the PLL controller. The
phase angle was estimated by the controller and generated
the square wave of control signal at the resonance frequency.
The phase angle must be influenced the transient response of
the control voltage. The parameters are selecting appropriate
control and make small angles. Thus, the tracking error may

be made zero. Where 3 is the angle of the current, and 0 is

the angle of the voltage, and ® are defined the angle and
frequency of the grid.

B — @

I

PLL Controller
K=K K F(s)

0 —»

Fig.7 The parameter K in PLL controller.

The frequency of tuning can be designed by analyzing the
voltage or the current that are presented in the compensation
loop in fig.7. The parameter wc can be chosen according to
the selectivity and parameter K can be used in electrical
model. The parameter K is used to determine suitable the
PWM for switching devices. The employed energy is
synchronized by using the H(j®) presents a resonant

mode.

v, =v, cos(at+0)

=v,|H(jo)cos(wt+0).  (14)
i, =—v, sin(ot+ f)
= v, |H(jo)sin(or + B). (15)

IV. SIMULATION RESULTS

In this section, we are described the simulation results
there are related the output of the AC motor and the inverter.
A dc control loop is responsible for the control of the
voltage error. The simulation parameters of the inverter were
used to estimate the results by Matlab program/simulink.
The parameters of the component were used in simulation
results are shown in TABLE L.

TABLE 1
SIMULATION RESULTS

Symbol Quantity Values
Voo DC voltage 50%5=250V
Rf Filter resistance 1Q
Lf Filter inductance 75 mH

Filt it

Cf 1lter capacitance 100 /uF
R Motor resistance 7.68 Q
L Motor inductance 24.7 mH
f Fundamental frequency 60 Hz

The quantites are replaced the values of the symbol there
are used in the simulation via Matlab/Simulink program.
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In fig. 9 is showing the voltage and the current motor at

the resonance frequency that is interrupted on time delay.
The capacitor current and the motor current are shown in the
fig.10.

Fig. 8 The output voltage and the current motor.

Time delay on resonance frequency

Fig.9 Time delay on resonance frequency.

Fig.10 The capacitor current and the motor current.

The results of the simulation are shown in fig. 8-10,
respectively. In fig. 8 shows the output voltage and the
motor current were operated in this propose scheme. The
phase of the output voltage has phase lead 7/2 of the
motor current. This result is affected from the PLL controller
that was estimated in dq transform.

V. CONCLUSION

This paper presented the multi-level inverter that is
controlled at resonance frequency by PLL controller. The
PLL controller was designed to operate the bandwidth of the

ISBN: 978-988-19253-6-7
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

frequency at resonance state. At resonance frequency, the
motor is unable continuous the response in suddenly. The ac
motor was detected the speed for control system which is
sent to the PLL controller. The proposed strategy uses the
phase error and frequency error to tracking the resonance
frequency of the control signal. In the PLL controller is
discussed in frequency form that was related the current of
the inverter. This proposed is derived the utility of PLL
controller performed with the LCL component which is used
to design the band-pass filter. The band-pass filter was used
to track the central frequency of the switching signals.
Therefore, the scheme proposed becomes a useful method to
obtain a good performance of the sequential switching for
the proposed modulation technique.
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