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Abstract: Advanced control strategies in power electronics
include Predictive controller of current (P CURRENT
CONTROL) and Predictive controller of torque (P TORQUE
CONTROL). To operate a SRM or an induction machine, the
Predictive controller of torque (P TORQUE CONTROL) approach
analyses the stator flux and electromagnetic torque in the cost
function (IM), and the Predictive controller of current (P
CURRENT CONTROL) method [1,2] takes errors between the
current reference and the measured current into account in the
cost function. The switching vector selected for usage in IGBTs
reduces the error between the references and the predicted values.
The system restrictions are easy to include [4, 5]. The weighting
component is not required. Together with the P TORQUE
CONTROL and P CURRENT CONTROL systems, the SRM
method is the most practicable direct control technique since it
doesn't require a modulator and offers 10% to 30% more power
than an induction motor [3]. With the same current, an induction
motor can only generate between 70% and 90% of the force
generated by an SRM due to its lagging power factor. SRM
approach decreases 23% more THD in torque, speed, and stator
current when P CURRENT CONTROL and P TORQUE
CONTROL methods with a 15-level H-bridge multilevel inverter
are compared to P CURRENT CONTROL and P TORQUE
CONTROL methods with a 15-level H-bridge multilevel inverter
utilising an induction motor [21]. The transistors are only swapped
when necessary to maintain the limits of torque and flux, which
minimises switching losses. To improve the efficiency of a
multilevel inverter, semiconductor switches are switched in a
specific pattern. In contrast to the P TORQUE CONTROL and P
CURRENT CONTROL approaches using a 2-level voltage source
inverter, the 15-level H-bridge multilevel inverter employed in this
study, coupled with SRM and IM, gives outstanding torque and
flux responses and achieves robust and stable operation. This
unique strategy quickly caught the interest of academics due to its
simple algorithm and high performance in both steady and
transient modes [8].
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I. INTRODUCTION

Predictive controller of current (P CURRENT

CONTROL) and Predictive controller of torque are
promising methods (P TORQUE CONTROL). The FCS-P
TORQUE CONTROL technique shows several advantages in
addition to reducing torque ripples, such as its ease,
straightforwardness, simple implementation, and quick
dynamic responses of the algorithm. Calculating the
necessary control signals in preparation is the fundamental
tenet of the model predictive direct torque control (MPDTC)
method [6].

The MPDTC Method does not require pulse width
modulation. The control technique requires the inverter type.
During MPDTC, the P TORQUE CONTROL and P
CURRENT CONTROL method computes all possible
voltage vectors, and then selects the best one using an
optimum cost function [7]. According to the papers [8] [9],
the P CURRENT CONTROL and P TORQUE CONTROL
techniques have been extensively studied and

Applied in numerous operational contexts to date. Model
Predictive Control (MPC) has garnered considerable
attention and demand in the power electronics systems and
industrial machines community in recent years. The MPC
control strategy, which was created for process control
applications and first introduced in 1970, is extensively used
in the sector and has a variety of reported applications [4].
The central tenet of model predictive control methods is that
they base choices not on the system's prior state, but instead
on the anticipated behaviour of the state variables and the
proper offline or online selection of the controlled
variables.MPC is also known as receding horizon control
because its primary function is to continuously adjust the
prediction horizon, thereby representing an infinite prediction
horizon. The present development and fresh focus in the MPC
field described in [5]. The MPC is sometimes used to regulate
power converters, despite its straightforward design, due to
its numerical intricacy, which puts a strain on the processors.
Due to the development of new, high-speed processors, MPC
utilisation has increased today. In [6], a multilayer inverter
and VSI are controlled by an MPC, and the VSI's discrete-
time model is used to forecast the load current for all potential
inverter-generated voltage vectors. According to this, MPC
has been extensively used in many power electronics
applications, including matrix converters [8] and the
management of different industrial drives like DC-DC
converters [7].
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Based on a linearized state-space representation that
represents the dynamic operation, MPDTC can also be used
to regulate the speed of permanent magnet synchronous
motors and induction motors [9] [10].

The P TORQUE CONTROL method has two drawbacks
when MPC compares it to the DTC method: it relies on speed
and requires longer computation times. The P TORQUE
CONTROL technique takes longer because the optimal cost
function is implemented; however, this issue can be readily
fixed with improved and faster microprocessing units [10],
[11]. In the prediction phases of the conventional P TORQUE
CONTROL method for induction machine (IM) and SRM
motor applications, the rotor electrical speed is necessary.
The estimated speed as well as the observed speed values
affect the projected stator current values.

In modern times, connecting a semiconductor switch
directly to a system with medium-sized power networks will
cause problems. To address the challenges of middle voltage,
high voltage, and exceptionally high voltage energy
applications, a multilevel converter system has been
developed. A multilevel inverter can use renewable energy as
a supply and achieve high power levels. For high-power
applications, green energy sources such as solar, fuel cells,
and wind can be readily interfaced with a tiered inverter
structure. For the past thirty years, the multiple-inverter
concept has been in use. The multilevel inverter (MLI) has
gained considerable popularity recently and has continued to
grow in popularity over time. Because several power
semiconductor devices and capacitors were used as voltage
sources, MLI was able to produce a stepwise voltage pattern
with reduced harmonic distortion. The ability of MLI to
minimise the voltage burden on power switches, dv/dt ratio,
and standard mode voltage, thereby improving output quality
[12,13], is just one of its many advantages. Diode-clamped
multilevel inverters, Cascaded Multilevel Inverters, and
Flying Capacitor Multilevel Inverters are a few examples of
MLI designs. Out of these, the H-Bridge multilevel inverter
has several benefits, including the ability to operate at lower
switching frequencies, generate output voltages with
extremely low distortion, draw input current with very low
distortion, and produce smaller common-mode (CM)
voltages.

In this research, 2-level voltage source inverters are
compared to P TORQUE CONTROL and P CURRENT
CONTROL techniques with 15-level H-bridge multilevel
inverters using SRM and IM. The modelling method was
applied to both investigations. When using SRM instead of
an induction motor, the P CURRENT CONTROL and P
TORQUE CONTROL technique with a 15-level H-bridge
multilevel inverter lowers THD by 23% in terms of torque,
speed, and stator current [10] [21]. Switching loses reduction
through THD minimization is discussed in this article. The
transistors are only swapped when necessary to maintain the
limits of torque and flux, which minimises switching losses.
This novel method quickly caught the interest of academics
due to its straightforward formula and robust findings in both
constant and transient states [8,14,15].
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II. SRM MODELING

Here, a synchronous machine without a damper winding
is employed to develop the mathematical model for vector
control of the SRM, along with the dynamics of the field
current. The synchronously revolving rotor reference frame
is used to translate stator coil numbers into the synchronous
rotating reference frame, which rotates at the same speed as
the rotor. The SRM without damper winding model, built in
the rotor reference frame, exhibits a sinusoidal induced EMF,
limited core losses, and no field current dynamics. The rotor
flux is assumed to be constant, concentrated along the d-axis,
and negative along the g-axis at a specific working location
in the creation of indirect vector-controlled induction motor
drives. When the location of the rotor magnets is taken into
account, it is possible to calculate the immediate induced emf
independently of the stator voltages and currents, and
subsequently determine the stator currents and torque of the
machine. The corresponding g- and d-axis stator windings are
converted to the reference frames that revolve at rotor speed
when a rotor reference frame is taken into account. The final
requirement is that the magnetic fields of the rotor and stator
rotate at the same speed and that the windings on the g- and
d-axes of the stator are in phase with the rotor magnet axis,
which is the d-axis in the design [17,18].

The following describes a complicated equation-based
mathematical description of an SRM in the context of a rotor:
Voltage equations are given by:

. da
Va = Rsig — wyAq +d—td [1]
. da
V, = Rgig — w,Aq + d—tq [2]
Flux linkage is given by
Aq = Lgig (3],
Ad = Ldid + /‘lf [4]
Substituting Equations 3 and 4 in 1 and 2, we get,
. . d(Lqi
V, = Rig — w,(Laia + Af) + % [5]
. . d .
Va = Rsig — w,Lgig. +E(Ldld + A) [6]
Arranging equations 5 and 6 in matrix form,
V. R + Zq wrLg i wrﬂ'f
a\ _ dt q
(V ) - dLq (i )+ &y 7]
d —erq R, + e d dt
The developed motor torque is given by
3(P . .
To = 2(2) (Aalq = Aqla) [8]
3 . .o
T, = ZP[lflq + (Ld — Lq)lqld] [9]
T =Ty + By, +] =2 [10]

Solving for rotor mechanical speed from equation 10, we get,

Te—T—Bwm
Wy = I(%) dt [11]
And the rotor electrical speed is
P
wr = 0 (%) [12]

III. H-BRIDGE INVERTER

Figure 1 shows an n-level H-
bridge cascaded converter in a
single-phase arrangement. A
single-phase full-bridge/or H-
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bridge converter is attached to each distinct DC source.

By linking the DC source to the AC output through various
configurations of the four switches (S1, S2, S3, and S4), each
inverter can produce three distinct output voltage levels:
+Vdc, 0, and -Vdc. Switches S1 and S4 are activated for
voltage level +Vdc, while S2 and S3 are activated for voltage
level -Vdc. Switches S1 and S2, or S3 and S4, can be turned
on to achieve zero-level power. To create the multilayer
voltage waveform, the AC outputs of all the synthesised full-
bridge inverter levels are linked in series and added together.
A cascade inverter has n layers of output phase voltage, where
n = 21+1, where 1 is the number of independent DC sources.
Using (n-1)/2 distinct DC sources and (n-1)/2 full bridges, a
sample phase voltage waveform for an n-level cascaded H-
bridge inverter is shown. The output phase voltage is
generalized for use as
V = Vg + Voo + Vg3 + Vs + Vs oen e e

+ Van [13]
The matching stepwise waveform's Fourier transform is as
follows [9, 5]:

4V,
V(ot) = de

Z[cos(nel) + cos(nb,) + -+
+ cos(n6))] —sm(nmt)
wheren=1,3,5,7.

By deciding on conducting angles, 1, 2,..., 1, that minimise

total harmonic distortion (THD). These propagation angles
primarily remove lower frequency harmonics of the fifth,
seventh, eleventh, and thirteenth orders in the output [16,19].
The following succinctly summarises the significant
advantages and disadvantages of cascaded H-bridge
multilevel inverters: Benefits: « There are more than twice as
many potential output voltage values (n = 21+1) as there are
DC sources.
* The H-bridge line enables modular packing and layout.
Enable a quicker and more affordable production procedure.
Cons: Each H-bridge requires a separate DC source, which
can cause fluctuations in DC source power.Units

S,«t." £ s‘«hi_,}:
+ . . Vs

v
aft n-I)2]

[14]

Voaren-1)72 ;’]

Fig. 1: Leg of Cascaded H-Bridge Multilevel Structure

IV. SWITCHING LOSSES

Transistor losses can be divided into two groups: switching
losses (appearing when the devices are switched on or off)
and conduction losses. (as a result of ohmic impedance). The
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commutated current, applied voltage, and semiconductor
characteristics all have an impact on these losses. By
considering that in a VSI inverter, the voltage seen by each
semiconductor is always half the total DC-link voltage, the
optimal switch turn-on (energy) loss power can be calculated.
[15]

whereiph is the phase current and aeon is a constant. For the
turn-off losses of the perfect switch, an equation with the
constant eoff is obtained. Usually, eoff is an order of
magnitude larger than aeon. A diode's switch-on losses are
virtually nonexistent. The reverse recovery losses, also
known as turn-off losses, are erratic in commutated phase
current but constant in voltage. Similar to how they affect
switching losses, the applied voltage and phase current both
impact conduction losses. Despite variations in the neutral
point, the DC connection voltage remains consistent. The
phase current is the result of adding the fundamental
component and the current ripple, and it relies only on the
working point—which is determined by the torque and
speed—and not on the switching pattern. For a 3-level
inverter, the ripple is typically in the range of 10%, which
makes it reasonable to assume that conduction losses are
independent of the switching pattern.

1 .
Eon = €on E Vdc lph

V. VOLTAGE SOURCE INVERTER

In this study, the P TORQUE CONTROL and P CURRENT
CONTROL techniques are also used with a two-level voltage
source inverter. Fig. 2 displays the inverter's structure and its
practical voltage vectors. The following vector can be used to

represent the transitioning state S:
Im

? ; U3 ()
‘Stl .S.', -sn >
S, Sb‘ﬁ} sﬂ}
U5 Vg

Fig. 2. Left: Two-Level Voltage Source Inverter; Right:
Voltage Vectors

The eight voltage vectors represented by the stator voltage
space vector can be described as follows by the switching
stages and the DC-link voltage, Vdc:

I/S(‘S‘aisbt Sc) = (g) VdC (I/a + Vbe]<§) =+

(4
Ve’ (E)) [16]

WhereV,; . The DC-link voltage is the DC voltage, and the
Park's Transformation coefficient of 2/3 is the coefficient.
The line-to-line values of the AC motor, which can be written
as follows, can be used to obtain the equation:

Vap = Vac(Sa — Sp) [17]
s Ve = Vdc(Sb - Sc) [18]
Vea = Vac(Sc — Sa) [19]

The stator phase voltages (line-to-neutral voltages) are
required and can be obtained from the line-to-line voltages as
follows.
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Vo= Vap —Vea) /3 [20]
Vo = Wpe = Vap)/3 [21]
Ve = (V;a - Vbc)/3 [22]

If the line-to-line voltages in terms of the DC-link voltage,
Vdc, and switching states are substituted into the stator phase
voltages, it gives:

v, = (g) Vo (25, — S, — S.) [23]
Vo = (5) Vac(=Sa + 25 — 52 [24]
Vo = () Vae(=Sa = Sy + 250) [25]
The equation can be summarized as:
Vo = Re(V) = (3) Vue (25, — S, — S0 [26]
Vo = Re(%) = (5) Vae(=Sa + 28, = 5.) [27]
Ve = Re(V,) = (3) Vac(~Sa — Sy + 25.) [28]
S= g(sa +asS, + a%S,) [29]

L2TC
where a = e’ , §= 1 meansS;ON, 5,Means OFF, and i =
a, b, c. The voltage vector, Vis, is related to the switching
states by:
vV = Vch
where Vdc is the DC-link voltage

[30]

VI. PREDICTIVE DIRECT CONTROL METHODS
FOR SRM

A. Predictive Control of Current (P Current Control)

Fig. 3 P Current Control

Predictive Using only the expected stator currents in the set
reference frame, current control (P CURRENT CONTROL)
is used to regulate the multiphase drive. As shown in Fig. 3,
current references are acquired in the rotating reference frame
using an exterior PI speed control loop and a constant d-
component current. These references are then mapped in the
fixed reference frame and used in the cost function.
Multiphase drives with various numbers of windings have
been used to execute this straightforward predictive controller
system [10].

Sinusoidal stator current standards in the a-b-c phase
coordinates are necessary to generate the appropriate electric
power. The control objective is transformed into either a null
or non-null reference stator current vector in the x-y plane,
depending on the multiphase machine used. The reference
stator current vector in the - plane is constant in amplitude but
varies its electrical angle in a circular trajectory. MPC-based
predictive current controller with an external speed control
loop. The SRM model, stator current is as follows:

o= (- (= 50)-0) - )

LL—’",R0=RS+K3.RrandLJ=a.LS

.
The forward Euler discretization is as

[31]

whereK, =
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dx __ x(k+1)—-x(k)
at Ts
where Ts is the sampling time of the system.
Using (8) and (9), the stator current can be predicted as

[32]

LD =(1-2) 0 +2 L. Kr_(%_

J. w(’f)) (k) + vs(k)] [33]
where T, = O'.R—Z

The cost function is represented as below:
g5 = Xh=allic —iaCke + R);| + |ig — igUe + h);[} [34]

From (11), it follows that the present reference generation
is required to finish designing the P CURRENT CONTROL
technique. The P CURRENT CONTROL method's block
layout is illustrated in Fig. 2. A speed PI controller generates
the torque reference, and the reference to rotor flux
magnitude is taken to be a fixed number.

The related standard numbers for the torque- and field-

producing  currentsiz and iz are produced by
l; — lorl [35] ,
Lm
e 2Ly T
g ==-— 36
a 3 L |yl [36]

In the cost function, the state’s current values in the of
frame are required. The inverse Park transformation is
presented to satisfy this requirement as follows:

(06) _ (605(9) —sin(G)) (d)

B) ~ \sin(0) cos(8) ) \q

B.Predictive Control Of Torque (P Torque Control)
Fl L _\\-

[37]

Tongras s §lux

predictions

Flux exfimations

Fig. 4 MPC-based Predictive Controller of Torque with
an Outer Speed Control Loop

For three-phase, two-stage induction motor systems,
Predictive Controller of Torque (P TORQUE CONTROL)
based on FCS-MPC is shown in Fig. 4. The stator flux and
torque are controlled variables, and an internal P TORQUE
CONTROL and an external PI-based speed control run the
process. The torque reference is provided by an external PI
based on the speed error, while the stator flux reference is
fixed to its usual value for base speed operation. After
evaluating the cost function [20] [22], the switching condition
with a decreased cost (J) is then utilised with the VSI. To
improve P TORQUE CONTROL performance, a changed
cost function that aimed to not only control stator flux and
produce torque but also set a maximum attainable stator limit
was provided in [17].
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Torque and flow forecasts, as well as the creation of a cost
function, are at the heart of P TORQUE CONTROL. In the
predictive algorithm, the stator flux prediction can be
obtained as

(ﬁs(k + 1) = (ps(k) + Ts- vs(k) - Rs- Ts' ls(k) [38]
The electromagnetic torque can be
Tk+1) = ;p.Im{q—;S(k +1)". 5, (k + 1)} [39]

The classical cost function for the P TORQUE CONTROL
method is

gj = 221:1{
m;ll}

T* =Tk + 1), + 2 |zl — || @s Gk +
[40]

VII. RESULTS

A. P Current Control and P Torque Control Method with
SRM and IM using 15-Level Inverter

A 15-level multilayer inverter was used to model P
CURRENT CONTROL and P TORQUE CONTROL for a 4-
pole induction machine and compare it to a 2-level voltage
source inverter. The induction motor has the following
specifications: 5 HP, 440V, 50Hz, and 1440 RPM. The
following motion parameters will be used for all simulations:

Table. 1: Induction Motor Parameters

Resistance of stator (ohms) 1.403
Resistance of rotor (ohms) 1.395
Self-inductance of stator (H) =0.005839
Self-inductance of rotor (H) 0.005839
Rotor Mutual Inductance  (H) 0.2037
Number of poles =4
Inertia (kg.m"2) 0.0005
Time of Sampling =1 Sec

A 15-level multilayer inverter was used to model P
CURRENT CONTROL and P TORQUE CONTROL for a 4-
pole SM and compare it to a 2-level voltage source inverter.
The following motion parameters will be used for all
simulations. Table II lists the characteristics of the SRM
motor. The following motion parameters will be used for all
simulations:

Table. 2: SRM Parameters

Phase resistance Stator Rs =43
Arm. Inductance =0.0001
Linkage established by magnets =0.05
Voltage Constant =18.138
Torque Constant =0.15
Inertia, friction factor, pole pairs 0.000183
Friction factor =0.001
Pole pairs =2
Initial conditions ia,ib(A) ] =[0,0,0,0]
Sampling Time =1

For the predictive approach, it is necessary to calculate the
electromagnetic tension T(k + 1) and the next-step stator flow
s(k + 1). The stator flow prediction can be created by
discretizing the voltage model (1) with (9) asFigures 5, 6, and
10 compare the modelling findings of the P CURRENT
CONTROL method and the P TORQUE CONTROL method
with IM using a 15-level inverter to those of the P CURRENT
CONTROL method and the P TORQUE CONTROL method
with SRM using the same inverter [10]. The images indicate
that both techniques behave similarly and effectively at this
stage of the procedure. The P CURRENT CONTROL
technique has a slightly better current reaction, but the P
TORQUE CONTROL method has fewer torque ripples than
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the P CURRENT CONTROL method does. Results across
the whole speed spectrum are investigated in the models. The
motor goes from a positive nominal speed to a negative
nominal speed. The rotor current, measured speed, and
measured force are all monitored throughout this dynamic
process. The waves of the two techniques are very similar.
The same exterior speed PI factors cause them to have nearly
identical settling times to finish this reversal process. When
compared to the P CURRENT CONTROL technique, the
torque waves produced by the P TORQUE CONTROL
method are marginally smaller. Based on these models, we
can say that two techniques can behave well at steady states
with the complete load and perform well across the entire
speed range. THD minimisation was the strategy employed
in this research to minimise total harmonic distortion (THD).
Total harmonic distortion (THD) has been precisely
calculated in this research using MATLAB 2013. The
recommended method performs better in terms of Total
Harmonic Distortion when compared to conventional
methods for speed, torque, and stator current in fleeting
situations (THD).Figs. 5(a), (b), and 6(a), (b), respectively,
depict the related speed, torque, and stator current reactions
of the P TORQUE CONTROL and P CURRENT CONTROL
systems using SRM with a 15-level converter (c). In the P
CURRENT CONTROL and P TORQUE CONTROL using
SRM with a 15-level converter, Figures 9(a),(b),(c) and
Figure 10(a),(b),(c) respectively show the THD in speed,
electromagnetic torque, and stator current. Figs. 7(a), (b), and
8(a), (b), respectively, show the corresponding speed, torque,
and stator current reactions of the P TORQUE CONTROL
and P CURRENT CONTROL systems with a 15-level
converter using IM (c). The THD in speed, electromagnetic
torque, and stator current for the P CURRENT CONTROL
and P TORQUE CONTROL techniques with IM using a 15-
level converter are shown in Figures 11(a), (b), and 12(a), (b),
respectively. According to the article [10], P CURRENT
CONTROL and P TORQUE CONTROL decrease THD in
speed, torque, and rotor current by roughly 5.3% and 4.8%,
respectively, in the conventional system. When compared to
the article [10] shown in Table 3, the suggested P CURRENT
CONTROL and P TORQUE CONTROL system with 15-
level inverter is shown to be better to the standard one by the
THD in speed, torque, and stator current with P CURRENT
CONTROL and P TORQUE CONTROL being decreased by
roughly 23% and 23%, respectively.

B. P Current Control and P Torque Control Method with
SRM and IM using 2-Level Inverter

Figures 3 and 4 depict the MATLAB and Simulink models
of the P CURRENT CONTROL and P TORQUE CONTROL
methods with SRM using a 2-level inverter. The external PI
speed regulators are configured with the same settings to
facilitate comparison between the two approaches. The
simulation results of the P CURRENT CONTROL method
and the P TORQUE CONTROL method with SRM using a
2-level inverter are shown in Fig. 13(a),(b),(c) and Fig. 14
(a),(b),(c) compared with the simulation results of the.
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P CURRENT CONTROL method and the P TORQUE
CONTROL method with IM using a 2-level inverter shown
in Fig.15 (a),(b),(c), Fig.16 (a),(b),(c) respectively [10]. The
images indicate that both techniques behave similarly and
effectively at this stage of the procedure. The P CURRENT
CONTROL method has a slightly better current response;
however, the torque ripples of the P TORQUE CONTROL
method are lower than those of the P CURRENT CONTROL
method. The performances in the whole speed range are
investigated in the simulations. The motor rotates from
positive nominal speed to negative nominal speed. During
this dynamic process, the measured speed, the torque, and the
stator current are observed. Both methods have very similar
waveforms. They each have almost the same settling time to
complete this reversal process due to the same external speed
PI parameters. The torque ripples of the P TORQUE
CONTROL method are slightly lower than those of the P
CURRENT CONTROL method. From these simulations, we
can conclude that both methods can work well across the
entire speed range and exhibit good behaviour with full load
at steady states.

The method used in this study to minimise switching losses
is THD minimization. In this study, total harmonic distortion
(THD) has been accurately computed using MATLAB 2013.
The recommended method performs better in terms of Total
Harmonic Distortion when compared to conventional
methods for speed, torque, and stator current in fleeting
situations (THD). The corresponding speed, torque, and
stator current responses of the P TORQUE CONTROL and P
CURRENT CONTROL systems using SRM with a 2-level
converter are shown in Figs. 13 (a), (b), (¢), and 14 (a), (b),
(c), respectively. Figures 17(a),(b),(c) and Figure
18(a),(b),(c) respectively demonstrate the THD in speed,
electromagnetic torque, and stator current in the P
CURRENT CONTROL and P TORQUE CONTROL using
SRM with a 2-level converter. The related speed, torque, and
stator current responses of the P TORQUE CONTROL and P
CURRENT CONTROL systems using IM with a 2-level
inverter are similarly depicted in Fig. 15(a), (b), (c), and Fig.
16(a), (b), (c). The THD in speed, electromagnetic torque,
and stator current for a 2-level converter using the P
CURRENT CONTROL and P TORQUE CONTROL
methods are depicted in Figs. 19(a), (b), and 20(a), (b),
respectively. According to the article [10], P CURRENT
CONTROL and P TORQUE CONTROL decrease THD in
speed, torque, and rotor current by roughly 5.3% and 4.8%,
respectively, in the conventional system. The THD in speed,
torque, and stator current with P CURRENT CONTROL and
P TORQUE CONTROL is decreased by approximately 19%
and 36%, respectively, when compared to the article [10]
indicate that the suggested P CURRENT CONTROL and P
TORQUE CONTROL system with a 2-level converter is
better than the standard one. The SRM method provides 10%
to 30% more power than an induction motor and doesn't
require a modulator, making it the most practical direct
control method, along with the P TORQUE CONTROL and
P CURRENT CONTROL methods [3]. With the same
current, an induction motor can only generate between 70 and
90 per cent of the force generated by an SRM due to its
delayed power factor. In this paper, total harmonic distortion
(THD) has been accurately computed using MATLAB 2013
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in comparison to (10). In contrast to the P CURRENT
CONTROL and P TORQUE CONTROL method with a 15-
level H-bridge multilevel inverter using an induction motor,
which is detailed in the Table.3 [21], the SRM method with a
15-level H-bridge multilevel inverter lowers 23% more THD
in power, speed, and stator current. The graphs 1, 2, and 3
also illustrate the graphical representation of the percentage
of THD in terms of rotor speed, electromagnetic torque, and
stator current. The table also includes comparisons of P
CURRENT CONTROL and P TORQUE CONTROL's
problems. 4. Switching losses are kept to a minimum because
transistors are only turned on when necessary to maintain the
limits of torque and flux. To improve the efficiency of a
multilevel converter, semiconductor switches are switched in
a specific sequence. This plan enhances productivity and
reduces costs while minimising switching losses. When
compared to P TORQUE CONTROL and P CURRENT
CONTROL methods using a 2-level voltage source inverter,
Direct Torque Control of Induction Motor (DTC), and Direct
Torque Control of Induction Motor with Fuzzy Logic
Controller, the 15-level H-bridge multilevel inverter used in
this study with SRM and IM provides excellent torque and
flux responses, robust, and stable operation is achieved. (DTC
with fuzzy). Due to its simple formula and strong results in
both stable and transient states, this innovative technique
rapidly drew the attention of academics. In terms of speed,
torque, and stator current ripple during transient
circumstances, the suggested system responds better than the
usual one [10]. Fig.5: Current Controller with 15-MLI SRM
Result
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Fig.6: PTorque Controller with 15-MLI SRM result Fig.8: P TORQUE CONTROL with 15-level MLI using IM
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Fig.11: THD in PCurrent Control with 15-level MLI using IM
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Fig.13: P Current Control with 2-level VSI using SRM
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C. THD Analysis of P Current Control and P Torque
Control Method

Table 3: % THD Calculation Comparison
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Sr. No

%THD in

Different Methods

Rotor
Speed
(Wr)

Torque

(To)

Stator
Curre
nt

P CURRENT CONTROL
with SRM using 15-level
multilevel inverter

31.44

31.34

44.85

P TORQUE CONTROL
with SRM using 15-level
multilevel inverter

21

21

118

P CURRENT CONTROL
with IM using 15-level
multilevel inverter

54.24

155.2

53.22

P TORQUE CONTROL
with IM using 15-level
multilevel inverter

41.51

41.51

89.67

P CURRENT CONTROL
with SRM using 2-level
voltage source
inverter(VSI)

82.45

68.60

39.39

P TORQUE CONTROL
with SRM  using 2-level
voltage source
inverter(VSI)

106.11

41.40

90.02

P CURRENT CONTROL
with IM using 2-level
voltage source
inverter(VSI)

118.86

98.14

72.21

P TORQUE CONTROL
with IM using a 2-level
voltage source
inverter(VSI)

57.20

79.38

102.34

Direct Torque control of IM
using 2-level voltage source
inverter(VSI)

49.53

81.62

157.84

10

Direct Torque control of IM
with Fuzzy Logic
Controller  using 2-level
voltage source

inverter(VSI)

49.53

61.82

137.14

D. Comparative  Issues  between
CONTROL and P TORQUE CONTROL

Table 4: Comparative Issues between P Current Control
and P Torque Control

P CURRENT

Feature PCCO l::;;zlllt P Torque Control
Conceptual Complexity Poor Poor
Pl-current controller Not Req Not Req
Use of PWM Not Req Not Req
Switching Frequency Varying Varying
Dynamics Quick Quick
Torque Ripple Higher Lower
Stator current THD Poor Poor
Systellrl;lClCuoslilsgalnts Easyly Easyly

E.Graphical Representation of % THD in Speed, Torque
and Stator Current
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%THD in Stator Current g 1 pcC+PMSM+15level

m 2 PTC+PMSM+15level

B 3 PCC+IM+15level
H 4 PTC+IM+15level
5 PCC+PMSM+2level
6 PTC+PMSM+2level
7 PCC+IM+2level
8 PTC+IM+2level
19 DTC+IM+2level

10 DTC+IM+Fuzzy

a. Graph-1 THD in Stator

%THD in Torque(Te) ®1PCC+PMSM+15level
M 2 PTC+PMSM+15level
H 3 PCC+IM+15level
W 4 PTC+IM+15level
W 5 PCC+PMSM+2level
6 PTC+PMSM+2level
7 PCC+IM+2level

8 PTC+IM+2level

9 DTC+IM+2level

10 DTC+IM+Fuzzy

b. Graph-1 THD in Torque

%THD in Rotor Speed(wr)
M 1 PCC+PMSM+15level
H 2 PTC+PMSM+15level
M 3 PCC+IM+15level
4 PTC+IM+15level
B 5 PCC+PMSM+2level
M 6 PTC+PMSM+2level
7 PCC+IM+2level
8 PTC+IM+2level

9 DTC+IM+2level
10 DTC+IM+Fuzzy

¢. Graph-1 THD in Rotor Speed

VIII. CONCLUSION

This paper presents and investigates the P CURRENT
CONTROL and P TORQUE CONTROL methods of the
MPC family with a 15-level multilevel inverter using solely
simulation methodology.
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Compared to the P TORQUE CONTROL method with a
15-level multilevel inverter, the P CURRENT CONTROL
method has a quicker computation time, a quicker dynamic
reaction, and reduced stator current harmonics. Without an
interior current PI controller or a modulator, both techniques
are direct control techniques.

The P CURRENT CONTROL technique is more effective
for uses with extended prediction horizons as a result of this
benefit. According to the test findings, the P CURRENT
CONTROL method and the P TORQUE CONTROL method
with a 15-level multilevel inverter both work admirably in
constant and transient conditions. The P CURRENT
CONTROL method with a 15-level multilevel inverter is
superior when the currents are assessed. Still, the P TORQUE
CONTROL method with a 15-level multilayer inverter has
fewer torque ripples. Due to its simple formula and strong
results in both stable and transient states, this innovative
technique rapidly drew the attention of academics.

Future research will evaluate switched reluctance motors,
and when P CURRENT CONTROL and P TORQUE
CONTROL methods are applied to servo motors with
multiple inverters, we expect that the computation time will
be significantly reduced. The P TORQUE CONTROL
method exhibits significantly greater resilience to the
magnetising inductance than the P CURRENT CONTROL
method does to the stator resistance.
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