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Abstract. Sensorless speed and torque control of a three-phase induction motor utilizing
cascaded H-bridge inverter with unequal selected DC voltage sources (USDCVS) is
presented in this study. Several output voltages with minimum distortions and IGBTS are
achieved with DC input voltage sources equal to (1, 3, 9) Vgc. The induction motor speed
and torque are estimated depending on the instantaneous output phase voltages and
currents of the drive circuit. A novel controller circuit is built depending on a modified
absolute sinusoidal PWM (MASPWM) technique. Embedded s-function is coded to
regenerate switching pulses and get various output levels. Simulation results demonstrate
that the USDCVS of the multilevel inverter based on MASPWM technique produces
different output levels with acceptable distortion. Also, show an acceptable sensorless
speed and torque responses at steady-state and dynamic operation conditions under
different speeds and mechanical load torques that explained the strength of the drive and
control circuits.
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1 Introduction

In industrial power system applications, induction motor (IM) is widely used because of
high reliability working and low maintenance and cost. Speed and torque of 1M adjusts and
varies according to the applications and mechanical load torque requirements which are
controlled depending on system currents, voltages and frequency [1]. The power converter
circuit used in general to drive IM is a rectifier-inverter type with different control strategies.
DC\AC converter circuits are designing to generate AC waveforms from DC power sources. In
high and medium power applications, multilevel cascaded H-bridge voltage source inverter
(CHBVSI) produces higher output voltages with lower THD than the conventional type. Pulse
width modulation algorithms, applications, comparisons, and experimental circuits of CHBVSI
are performed in [2-6]. The multilevel CHBVSI utilizes the same DC input source per each cell
of the H-bridge. To increase output levels, more IGBTs and DC voltage sources are needed.
Utilizing unequal selected DC voltage sources (USDCVS), higher output levels and fewer
power electronics devices achieved last years. The circuit illustrated in Fig. 1 provides higher
output levels with DC sources ratio as explained in Tablel [7-9]. The structure (Vac, Ve, Vac)
type provides the lowest levels. whilst (Vae, 3Vae, 9Vac) type produces the highest number of
levels. Three CHBVSI cells produce 27-level output voltage depending on the structure (Vc,
3Vae, Vac) type which is adopted and built by [10-15] applying optimization, selective harmonic
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elimination (SHE), and multi-carrier PWM techniques. The output phase voltage of multilevel
voltage source inverter can be improved using different PWM techniques to get approximating
sinusoidal waveform of the output voltage [16, 17].

In 2011 [18], a symmetry half-wave SHE PWM technique with a multilevel inverter was
suggested. This technique is studied to obtain different points in a half cycle with different
modulation indexes to get effective areas that give the best THD. In 2015 [19], a 7-level
CHBVSI with unequal separated DC sources was used. A fuzzy logic algorithm is used to select
switching angles and an artificial bee’s colony (ABC) system optimises the selection of these
angles. Simulation results of the output voltage illustrated that the THD using fuzzy with ABC
technique gives results better than particle swarm optimization (PSO) and fuzzy-PSO. In 2016
[20], switching angles of a 27-level cascaded H-bridge inverter are selected based on genetic
algorithm and particle swarm optimization methods. The THD of the output voltage is changed
from 28.9% to 2.92% for the modulation index from 0.09 to 1. In 2018 [21], symmetrical (7-
level) and asymmetrical (9-level) inverters with less power switching devices based on
sinusoidal and modified square PWM were used. The THD of the output voltage for
symmetrical and asymmetrical inverter are 16.4% and 15.2%, respectively. In the same year
[9], 27-level inverter depending on the structure (Vae, 3V, 9Vac) was adopted. A modified
absolute sinusoidal PWM (MASPWM) method is designed and built to control the system under
stable and dynamic conditions for various output levels. The THD with no OV step level is less
than including OV step. The phase voltage and current distortions are between 0.085% and
1.16%. In 2019 [22], a single-phase seven-level VSI using seven power electronics switching
devices was used and tested for the grid-tied application. A model predictive control is used to
get a sinusoidal waveform during changing the grid current amplitude and power factor.
Modeling and practical results illustrate that THD of the injected current is 1.23 %.

In this paper, the equal voltage DC sources of the CHBVSI cells replace with the USDCVS
depending on the structure (Vac, 3Vae, 9Vac) to increase output voltage levels as shown in Fig.2.
The power circuit is used to drive and control speed and torque of an IM without sensors as
illustrated in Fig.2. The IM speed and torque are estimated depending on the instantaneous
output phase voltages and currents of the drive circuit. The controller system is built and
modeled depending on the MASPWM technique as illustrated in Fig.3 [9]. Therefore, the
novelty of the proposed system is to improve the power quality of the 27-level CHBVSI with
USDCVS depending on MASPWM technique to drive and sensorless control of the induction
motor.
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Fig. 1. Three CHBVSI cells.
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Table 1. Arrangement between DC input sources and output levels.

VcHe1/Vde 1

VcHe2/Vde 1 2 3

Vewsa/Voe | 1|2 3 |4 |5 (2|34 |56 |73 |4|5|6|7|8]9

Van
(level)

2 Modified Absolute Sinusoidal PWM Strategy

Different PWM algorithms such as space vector modulation, frequency type modulation,
SHE technique, and multi-carrier PWM algorithm are used with multilevel inverters. Multi-
carrier signals based on disposition, phase and level shift methods are used to generate PWM
pulses [23]. In this study, one carrier (triangular) signal is used and compared with the reference
signal, which is a modified absolute sinusoidal signal. The MASPWM controller algorithm
produces a reference signal (absolute sinusoidal signal ASS) with magnitude represents the
desired output voltage level. The block shown in Fig.3 detects and creates positive and negative
signals from the reference sine signal. The ASS is converted to a number of discrete levels to
get the absolute sinusoidal discrete signal or quantization sequence, which is a sequence of DC
voltages with amplitudes that tracks sine wave function values at discrete times. The modified
ASS is the difference between the ASS and quantization sequence signal as shown in Fig.4. The
MASPWAM signal of the power drive circuit produces by comparing one triangular signal with
modified ASS. Embedded MATLAB s-function is coded based on the state conditions presented
in Table 2 to regenerate and apportion PWM pulses of the proposed CHBVSI and choose ON-
OFF state of the power electronics devices. The MASPWM controller is built to generate
various levels in the output voltages based on the DC input source arrangements. Therefore,
thirteen levels appear in the output of the proposed power circuit as explained in Table 2.
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Fig. 2. MATLAB model of three-phase Induction Motor Drive circuit.
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Fig. 3. Controller model of the 27-level CHBVSI based on the MASPWM algorithm.
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Table 2. Switches states of the proposed power circuit.
VAN
(levels) 1 2 3 4 5 6 7 8 9 10 11 12 13
T1 ON | OFF | OFF | ON OFF | OFF | ON OFF | OFF | ON OFF | ON ON
T2 ON | OFF | ON ON OFF | ON ON OFF | ON ON OFF | OFF | ON
T3 OFF | ON OFF | OFF | ON | OFF | OFF | ON OFF | OFF | ON ON OFF
T4 OFF | ON ON OFF | ON ON OFF | ON ON OFF | ON OFF | OFF
T5 OFF | ON ON ON OFF | OFF | OFF | OFF | OFF | ON ON ON ON
T6 ON ON ON ON OFF | OFF | OFF | ON ON OFF | ON ON ON
T7 OFF | OFF | OFF | OFF | ON ON ON OFF | OFF | ON OFF | OFF | OFF
T8 ON | OFF | OFF | OFF | ON ON ON ON ON OFF | OFF | OFF | OFF
T9 OFF | OFF | OFF | OFF | ON ON ON ON ON ON ON ON ON
T10 ON ON ON ON ON ON ON ON ON ON ON ON ON
T11 OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF
T12 ON ON ON ON OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF




3 Sensorless Speed and Torque Model Circuit and Controller

To estimate the speed of the IM, slip (wsl) and synchronous (we) speeds are computed and
estimated in this paper depending on the instantaneous three-phase output phase voltages and
currents [24]. The voltages and currents of the multilevel CHBVSI transform to dg-stationary
frame voltages and currents components. The differences between the (wsl) and (we)
waveforms produce the estimated speed (west) as illustrated in Fig.5. The electromagnetic
torque (Te) is estimated (Teest) depending on the dg-stationary flux and current as explained in
Fig.5 [24-25].

An artificial neural network (ANN) is a proficient tool to represent a complicated
relationship between inputs and outputs. In this paper, ANN is trained to select the number of
output voltage levels of the multilevel CHBVSI with USDCVS as shown in Fig.5. The
proportional-integral (PI) controller is employed to adjust the number of levels to accurate the
estimated speed and torque as best as possible with the required speed at the required load
torque.

4 Simulation Results

The multilevel CHBVSI is designed and modified to produce levels higher than
conventional type using USDCVS. The DC input source value is chosen equal to 24V. To
approve the strength of the proposed power converter circuit to produce output voltages with
minimum THD, simulation model results of the output phase voltages with spectrum analyser
at fifteen and twenty-seven levels of the CHBVSI during no load (without IM) are illustarted in
Fig.6 and Fig.7. The spectrum analyser confirmed that the low harmonic order values are
approximately zero with a very small value of the higher orders. The THD of the output phase
voltages with different voltage levels is illustrated in Fig.8. These results explained that the
THD values are within standard limits depending on the MASPWM technique. The designed
power and sensorless control circuits are used to drive the IM at a different speed and load
torque conditions. The speed and electromagnetic torque responses of the IM at load torque
equal to 10N.m and 12N.m are shown in Fig.9 and Fig.10. The estimate and actual speed has
good responses and arrive at the desired value within 0.42 and 0.36 seconds, respectively. Figure
11 shows the three-phase output phase and line voltages and currents of the IM drive system at
mechanical load torque 12N.m. The success of the system controller's capability to drive IM at
a constant speed and different load torque also at different speed values with constant load
torque are illustrated in Fig.12 and Fig.13. The speed responses continue around the reference
values with a steady-state error approximately zero. In order to prove the strength of the
designed power circuit and controller to drive the IM at different speeds and mechanical load
torques at the same time, estimated speed and torque follows the actual value and offers good
responses as illustrated in Fig.14. The estimated electromagnetic torque response explains
changing in the load torque.
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Fig. 5. Estimation model blocks of the induction motor speed and torque with voltage level selector and
controller based on neural network and PI controller.
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Fig. 11 Three-phase output phase and line voltages and current waveforms at 1200rpm and 12N.m.
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Fig. 14 Speed and torque responses at different values of speed and load torque.

5 Conclusions

A three-phase multilevel CHBVSI with USDCVS depending on MASPWM technique has
been implemented in this study to drive an IM. The designed power circuit uses three H-bridge
inverter cells in a cascaded with USDCVS to get output voltages with 27-level compared with
the conventional type with 7-level. Sensorless speed and electromagnetic torque control of the
IM in steady-state and dynamic operation conditions at a different speed and load torque has
been done. The IM speed and electromagnetic torque are estimated depending on the output
phase voltages and currents of the drive circuit. Simulation model results demonstrated that
THD of the multilevel CHBVSI voltages and currents has been reduced to a minimum value



and given acceptable power quality at different voltage levels. Also, the THD value with no 0V
step level is lower than with OV step. As well as, the senseless speed and electromagnetic torque
have high-quality responses at variable speeds and load torques compared with the actual value.
These results support the ability of the power circuit depending on MASPWM technique and
sensorless controller to drive and track the required speed and torque with the best power
quality.
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