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Induction motor performance and efficiency greatly depend on the applied
control technique, particularly in variable- and fixed-speed industrial
applications. This paper aims to comparatively assess scalar control and
vector control strategies for three-phase squirrel-cage induction motors.
Using a simulation-based approach in MATLAB/Simulink, scalar control
with sinusoidal pulse width modulation (SPWM) and vector control with
space vector modulation (SVM) are built and analyzed under constant,
variable, and bidirectional speed loading situations characteristic of a drive
system. The results demonstrate that vector control provides greater speed
regulation (about 93% compared to scalar control), reduced torque ripple
(about 97% compared to scalar control), lower current stress (about 94%
compared to scalar control), and improved dynamic responsiveness
compared to scalar control, especially during transient operation. The paper
is limited to numerical simulations. This paper’s biggest contribution is a
clear, practical comparison which provides performance- and cost-oriented

guidelines for selecting appropriate induction motor control strategies in
severel applications.
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1. INTRODUCTION

Asynchronous motors, particularly squirrel cage, are thought to be the most prevalent electrical
devices in industrial applications in recent years, whether they are used as generators in wind energy or
motors in pumps, electrical vehicles, fans, elevators [1]-[8], due to their many benefits over other kinds of
electrical devices, such as simple structure, low fabrication, less maintenance, ruggedness, low cost, high
efficiency, reliability [9]-[12], in addition to faster response to load disconnection [13]. Furthermore, IM
production can operate at higher temperatures and speeds than others because it does not require the usage of
rare magnetic materials [14], [15].

An effective controller is always required to manage the motor parameters and regulate flux and
torque in order to enhance the performance of an asynchronous motor drive [16]. Since the rotor and stator
currents can easily control the magnetic flux and torque independently, DC machines were crucial in the
early days of variable speed drive applications. In addition to low efficiency of the IM speed control
techniques, the usage of asynchronous motor has been limited to the applications that have constant speeds
[17]-[19].

The scalar control, also called V/Hz, and vector control, also called field-oriented control, are the
two main control techniques used to regulate asynchronous motor speed. The first strategy is simple to use,
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inexpensive, and produces good steady state outcomes. Nevertheless, this strategy provides a delayed
transient reaction, making it ineffective when dealing with dynamic systems [20]. Conversely, FOC has a
quick and superior transient response despite being more complicated [21]-[23].

Scalar control involves controlling the magnitude of frequency or voltage of supply fed to machine.
The V/f control strategy is based on the idea to preserve a constant flux of air gap by adjusting stator
frequency and voltage in order to maintain a constant V/f ratio [24]. The open loop V/f technique has
inadequate speed regulation. However, flux increases and the gap between the desired and actual speeds
decreases as the V/f ratio rises. Therefore, speed regulation can be enhanced by altering the V/f ratio [25].
The square of the terminal voltage determines the IM’s output torque. In the voltage control approach, an
increase in voltage is used to enhance torque. A redesigned PI controller with V/F scalar control enhance both
speed and torque performance. However, the issue is that terminal voltage has a limit that, if exceeded, will
have a detrimental impact on insulation [26].

Scalar control is only used in applications like pumps where the system’s dynamic behavior
performance requirements are less demanding [27]. Because the speed of rotor will be somewhat slower than
the synchronous speed and frequency is only control variable in this technique, the motor’s speed is unable to
accurately controlled [28]. voltage source nverters have been typically used to control speed by adjusting
frequency and voltage [29]-[31].

Field oriented control (FOC), also known as vector control, is an effective way to regulate
asynchronous motor’s torque, speed, or both. Like to DC machines, FOC divides the complicated stator
currents into two orthogonal components, one of which controls speed and the other electromagnetic torque.
FOC has more stability, quick torque response, and precise speed control [32]. Accurate rotor flux placement
must be obtained in order to carry out the frame transformation [33], [34]. The best performance over the
inverter losses is offered by a hysteresis-band pulse-width modulation (PWM) [35].

Various control techniques have been introduced in the past in which the direct torque control
(DTC) have proved to be most commonly used technique. With promising features like quicker torque
response and enhanced dynamic performance, DTC has become a potent instrument as shown in Figure 1.
Although the term DTC often is associated with hysteresis methods, we can classify also indirect self control
(ISC) as a DTC method. This route is followed also in the survey on DTC schemes given in [36]. Torque
ripples and slow startup when load changes are common drawbacks of traditional DTC [37]. Recent
advancements in DTC systems include the use of unified flux control scheme [38], stator flux vector control
in field weakening region [39], [40], fuzzy logic [41], FPGA [42], [43].

An effective controller for the DTC induction motor drive must be created for crucial applications.
The difficulty of an effective Pl controller for high performance increases significantly since the IM is a
heavily cross-coupled machine. Conventionally the PI controllers are tuned by Ziegler Nichols tuning
method. However, it is observed that the controller performance deteriorates under varied drive operating
conditions. Studies of the literature have revealed that the application of stochastic optimization techniques to
achieve the optimal values of PI controllers is becoming more and more important [44]-[49].
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Figure 1. Schematic diagram of DTC using VSI fed IM
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The modified DTC controller used in the proposed study replaces the hysteresis controllers for
torque and flux with PI controllers. The drawback of conventional DTC is that the errors in torque, flux are
within the designated band limits, which restricts the range of switching selection for inverter [50], [51].
In the modified DTC the difference between the reference and actual speed is processed by the speed PI
controller to generate a torque command as shown in Figure 2 [52], [53].

Abebe et al. [54], researchers have used space vector pulse width modulation (SVPWM) method to
control the inverter fed IM under DTC strategy as shown in Figure 3. Shankar [55], by separating the motor’s
flux and torque components, scalar control and vector control increase performance, including quicker
reaction times, more accurate speed and torque, and less harmonic distortion. But this study has not applied
under various load and speed conditions. DTC has higher dynamic response than FOC, however it has issues
like excessive torque ripple [56]-[58]. There are several ways to regulate an asynchronous motor’s speed,
such as control of rotor resistance [59].
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Figure 2. Schematic diagram of DTC using PI controllers
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Figure 3. Schematic diagram of DTC using PWM

Indirect vector control for asynchronous machine has presented in [60], which provide high dynamic
responses for any speed as shown in Figure 4. modelling and simulation of indirect vector control for
asynchronous machine drive using two and five level inverters has been presented in [61]-[63]. Hasan et al.
[64], performance of speed for asynchronous machine using a vector control has been presented. The main
focus is to monitor the dynamic speed performance of asynchronous machine. The outcome demonstrates
that presented technique has a negligible electromagnetic torque ripple. Khoury et al. [65], current controller
and speed controller have been designed using PID and field weakening techniques, consequently, the system
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produced good transient and steady state responses and reached the intended speed. Many approaches have
been created and researched in relation to the low-speed operation of sensor-less vector control [66], [67].
Fukumoto et al. [68], Several observers are added to the sensor-less vector control to improve performance.
As a result, circuit complexity rises as shown [69]. The performing of indirect vector-controlled
asynchronous machine has been proposed with many level inverters at [70]. Space vector-based multi-level
inverter (MLI) supplied vector-controlled asynchronous machine analysis for operation of low-speed, as
illustrated in Figure 5, has been presented in. Motor performance is negatively impacted by variations in load
speed. This circumstance is one of the problems that has been studied from the past to the present;
recommendations and solutions have been developed [71].

Jain et al. [72], it is observed that it improves the performance of conventional control techniques
when combined with proportional-integral-derivative (P-PIPID) controller [73]. Many studies have proposed
controls like flux to improve the performance of speed control [74]. There are techniques such as Kalman
Filter, placement, adaptive, finite elements, observer based, matrix theory, sensor-less [75]-[84].
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Figure 5. The concept for multi-level inverter’s schematic diagram

In speed control, some numerical analytic techniques are directly applied such as techniques of
interpolation [85]-[88]. The performance of the Pl speed controller, which was developed for indirect vector
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control, is examined for the control system’s optimal response in [89]. The fuzzy logic controller’s settling
time and dynamic response to abrupt load fluctuations are compared with the PI controller’s has been
presented in [90]. Holmes et al. [91] a comparison of current control techniques based on hysteresis and Pl
has been presented. Khrisna and Mohan [92], analysis of performance for vector controlled asynchronous
machine with indirect vector-controlled techniques was proposed. Based to the variables of magnetic
saturation that have been provided in [93], [94], the conventional current distribution approach usually
provides the ideal d-axis current to build a stable flux linkage. The maximum torque per ampere (MTPA)
technique is consider as an advanced vector control technique has been presented in [95], many nonlinear
control techniques available such as control of neural network [96]-[100]. In Figure 6, The gaussian process-
based current distribution approach was put out in [101]. This technique can produce high-performance
output torque and increase the accuracy of synchronous machine current distribution [102]-[106]. Table 1 has
provided a qualitative comparison between control techniques comparable studies in the literature, in addition

to mentioning the advantages and disadvantages of each technique.
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Figure 6. Current distribution model-based vector control

Table 1. A brief description of control methods

Research

Control approach

Positives

Drawbacks

Bhati and Yadav [16]

Salahuddin et al.
[22]

Sharma and Garg
[34]
Allirani and
Jagannathan [43]
Goel et al. [53]
Alexander et al. [61]
Ansani and
Deshpande [62]
Silva and Araya [66]
Jain et al. [72]

Arulmozhiyal et al.
[90]

Wang et al. [94]

Panchal et al. [103]

Direct torque control

FM-PI, or fixed-mode
proportional integral, speed
controller
FOC, VIt

DTC for voltage inverter

PI controller, DTC

Indirect vector control

Indirect vector control using
and five level inverters
Variable speed vector

control
Multi-level inverter of
vector control
Scalar speed control using
curve-fitting method

Vector control with constant
Dc-link voltage
Distribution of current
technique based on process
gaussian

faster torgue response

better performace when the time is
rising

Simple implementation, low cost

Torque and flux control
independence, robustness
Jaya optimization algorithm has
been used for adjusting the speed Pl
controller’s gain parameters.
Fast dynamic response, suitable for
wide speed range
Lower harmonic distortion, better
voltage utilization
High efficiency, flexible operation,
precision
Reduced motor stress, low
harmonic distortion (THD)
Flexibility, smoother performance,
improved accuracy over linear V/f
control
Better dynamic performance,
reduced control burden
Torque optimization, predictive
capability, reduced thermal stress

Poor low-speed performance, parameter
sensitivity, high torque, and flux ripples
Not suitable for wide speed range
control, steady-state error under
nonlinearities
Poor dynamic response, low accuracy

Variable switching frequency,
Sensitivity to measurement errors
poor diversity control

slip calculation is needed, sensor
requirement
Complex control and modulation,
balancing DC link voltages
Higher complexity, more difficult to
implement
Protection challenges, more hardware
components
Parameter dependency, limited
robustness, not suitable for high-
performance drives
Reduced efficiency, higher switching
harmonics at low speeds
Complex implementation,
computationally expensive
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Nowadays, using of electric motors has become indispensable because they are used in so many
different industrial applications. Unfortunately, the great majority of these motors are modest, with power
outputs that don’t go above a few Kkilowatts, and they usually have low efficiency (only 50%). This indicates
that the motor does not turn half of its power into productive work. Since motor performance depends
primarily on the control strategy used, new theories were suggested to control these motors, as in vector and
scalar control. This study’s significance stems from being able to provide the investor with a means to select
the preferred control method to operate the motor with the highest possible efficiency.

According to above, the goal of this study is to improve a model uses scalar and vector control
methods to drive a 3-phase squirrel cage induction motor. additionally to comparison between scalar and
vector control to analyze performance of each system when operating the motor on a load with both constant
and variable speeds, for using it in practical applications which depending on this kind of electric motor.

The results are so important because they offer a useful practical comparison between vector and
scalar control of an asynchronous machine under actual variable-speed and bidirectional loading situations.
The findings show that the choice of control approach has a direct impact on inverter performance, torque
ripple, speed accuracy, and current stress. This provides engineers and researchers with precise guidelines for
selecting suitable motor control methods based on cost and performance criteria. The simulation framework
that has been given is also a helpful resource for future scholarly and business study.

2. METHOD

In this research, the method of driving a three-phase voltage inverter using the techniques of space
vector modulation (SVM) and sinusoidal pulse width modulation (SPWM) has been explained, which later
form the basis for two driving models based on vector control and scalar control respectively. The models
have been created using the MATLAB/Simulink environment. In addition to creating a model representing a
constant- and variable-speed load, which has been applied to the driven motor by using vector and scalar
control methods, then performance of system has been compared in each case.

2.1. Principle of scalar control

When a three-phase induction motor is supplied with a constant voltage and frequency, it often
operates as a constant-speed machine. Many industrial, scientific research, and electrical systems require
controllable (variable speed) induction motors that can be driven by precisely adjusting their speeds. In recent
years, as a result of the increase of hardware devices used in applications, the need to find mechanisms to
drive induction motors according to the control parameters required in those applications has increased.

Scalar control is the control of only the amplitudes of the control variables, neglecting the effects of
the interconnection between these variables in the induction machine. For example, by controlling the voltage
amplitude, the flux can be controlled, and by controlling the frequency or slip, the torque can be controlled.
Therefore, the control algorithm can be consider as controlling the motor by changing the frequency and
voltage together while maintaining a constant rate of change (V/f = constant), by supplying the motor with a
voltage inverter that adopts the principle of SPWM.

Figure 7 has demonstrated the closed loop control used to drive a three-phase induction motor using
the control principle V/f. The operating frequency has been determined based on the required speed and the
rotational speed measured by the motor. PI controller has used to regulate the slip in order to maintain the
motor speed at the desired value. Where the (1) has used to link the control variables flux @, voltage V,
angular frequency .
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Figure 7. Closed loop control using control principle V/f
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The resulting frequency is used to determine the amplitude and angle of the voltage used in SPWM
that will drive the inverter. Driving systems based on scalar control have some weaknesses in their
performance, but they are easy to implement and are widely used in industrial applications. But it has become
less important nowadays due to the superior performance of vector control-based driving systems required in
most applications.

2.1.1. Sinusoidal pulse width modulation (SPWM)

The typical circuit of a three-phase voltage inveter that uses the pulse width modulation (PWM)
principle is depicted in Figure 8. The output signal is formed by the six electronic switches, numbered S
through Se. Where it is driven using switching variables a, a’, b, b’, ¢, ¢’. When the upper transistors are
closed (switched on) the values of a, b, c are all equal to 1. While the lower transistors are open (switched
off) which means the values of a’, b’, ¢’ are all equal to 0. Therefore, the open and close states of the upper
transistor can be used to determine the output voltage. When applying the scalar control system, inverter has
been driven by SPWM method.

2.2. Principle of vector control

The discovery of vector control dates back to early 1970, This method has been used to demonstrate
that induction motors can be driven as if they were DC motors. Consequently, it offers good drive efficiency for
induction motors. Vector control deals with the amplitude and phase angle of the motor’s vector variables.
It decouples both vector of stator and rotor current so they can be controlled separately, giving a fast response.

2.2.1. Principle of pulse width modulation (PWM) using space vector modulation (SVM)

SVM method is one of the most common SVM method used in modern drive system applications.
The closed loop control that uses SVM to drive a three-phase induction motor can be seen in Figure 8. PWM
using a space vector refers to a specific sequence of switching the upper transistor state of a three-phase
voltage inverter. They are employed for more dependable utilization of the voltage source and to produce less
distorted harmonics in the output voltages or in the currents delivered to the phases of an AC motor.

DC Supply Voltage

Pl Speed

SV-PWM [~

Inverter]

calculte

V& Teta E !

Speed Motor

jCN

Figure 8. Closed loop control using SVM

In (2) and (3) have shown the relationship between the vector of the switching variable [a, b, c]”
and both the line voltage vector [V, V,. V.,]"and the phase voltage vector [V, V,, V.]T respectively:

Vb ] 1 -1 01ra
Vpe|=Vae| O 1 -1 [b] 2
v, 1 o 11l
[Van] 2 -1 —-1]ra
Von =%[—1 2 -1 [b] 3)
[V, -1 -1 21l

As shown in Figure 9, there are eight possible configurations for the open-close matrix of the upper
electronic switches. Since the open and close states of the lower switches are exactly opposite to those of the
upper switches, it will be easier to determine them after determining the state of the upper switches. Based on
(2) and (3), we can find the octal switching vectors, the resulting phase voltages, and the resulting line
voltages in terms of the DC supply voltage Vc.
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Figure 9. Three-phase voltage inveter uses PWM principle

where it is:

quo = [fd fq fo]T

1 -1/2 -1/2
K=2 0 v3/2 —3/2
1/2  1/2 1/2

fave = fa fo fc]T

where f refers to the voltage or current variable.

To apply PWM using space vector, the voltage equations in the reference system abc can be
converted to the reference system of stator dq, which consists of the horizontal d and vertical q axes.
Thus, the two referential statements have the following relationship:

quo = Ksfabe (4)

The six non-zero vectors and the two zero vectors can be identified. Where the six non-zero vectors (V1-Ve)
form the hexagonal axes of the shape described in Figure 10, electrical power that feeds the load. The angle
between any two adjacent vectors is non-zero (60°). While zero vectors (Vo and V7) are at coordinate origin.
This results in applying zero voltage to the load. The eight vectors are called the primary space vectors that
indicated as follows Vo, V1, V2, V3, V4, Vs, Vs, and V7. The same transformation can be applied to the output
voltage for obtaining the reference voltage vector Vs in the d-q axes.

q axis 4
; V3 V2
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2 (o
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v, 3y, : Vv,
11) (000) x (100)
(~2/3,0) Vy T (2/3,0) d axis
4 (1N 6
5
1/3,-1/V3 1/3,-1/\3
( V3) V. Vi ( V3)

5
(001) (101)

Figure 10. Basic switching vectors

3.  RESULTS AND DISCUSSION

The research steps can be summed up by modeling the load at both fixed and variable speeds,
describing the existing control models, and carefully examining how each system performs when the load is
delivered to the motor.

3.1. Modeling of fixed and variable speed load
An electric elevator drive system has been used to evaluate this study under both ascent (up) and
descent(down) operating circumstances. The operating system can be divided into two stages:

Study of performance the 3-phase induction motor that drives by using scalar ... (Omran Alabedalkhamis)
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3.1.1. Ascent (up) stage

Ascent (up) stage has represented motor operating condition in the first quadrant (positive rotation
direction) which has been divided into three states according to (5) to achieve constant acceleration during
take-off and stop. Figure 11 has shown the reference speed (N1) diagram for the ascent (1) diagram.

2400 * ¢ 0<t<05
N1= 1200 05<t<15 (5)
—2400 % (t—2) 15<t<2

Where N1 is reference speed in the ascent (up) stage, t represents time.

3.1.2. Descent (down) stage

Descent (down) stage has represented motor operating condition in the third quadrant (negative
rotation direction) which has been divided into three states according to (6). Figure 12 has shown the
reference speed (N2) diagram for the descent (down) stage.

2400+t 0<t<05
N2=] —1200 05<t<15 (6)
2400+ (t—2) 15<t<?2
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Figure 11. Reference speed (N1) diagram for the ascent (up) stage
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Figure 12. Reference speed (N2) diagram for the descent (down) stage

The findings demonstrate that the suggested load modeling effectively represents motor behavior
during ascent and descent in operating at both fixed and variable speeds. Stable functioning under various
load levels is made possible by the prescribed speed profiles, which guarantee smooth acceleration and
deceleration. In all working quadrants, the control techniques provide dependable performance and efficient
load handling.
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3.2. Models of control utilized in the driving systems
3.2.1. Scalar control system

Figure 13 has illustrated the scalar control system in which the reference speed has been chosen to
determine the operational state (up or down). In this system, the required operating frequency has been
determined to rectify error between the intended (reference) speed and the actual speed by inputting the error
signal to a proportional-integral (PI) controller a frequency signal limiter within the range (-50 ~ +50) Hz, the
limiter’s output signal has been integrated to generate the angular frequency signal (mt) which allows to
determine the three reference signals in the PWM system using a triangular signal of frequency 5 KHz which
in generates the six control pulses to inverter that feed the induction motor.

3.2.2. Vector control system

Figure 14 has illustrated the vector control system in which the reference speed has been chosen to
determine the operational state (up or down). In this system, the required operating frequency has been
determined to rectify error between the intended (reference) speed and the actual speed by inputting the error
signal to a Pl controller a frequency signal limiter within the range (-50 ~ +50) Hz, The limiter’s output
signal has been integrated to generate the angular frequency signal (mt) which allows to determine the signal
of reference voltage (space vector) using in PWM system by modulating the space vector according to the
modulation frequency 5 KHz which in generates the six control pulses to inverter that feed the induction
motor.

3.3. Discussion of results
In the Table 2, parameters of 3-phase squirrel cage induction motor are listed.

Table 2. Parameters of induction motor

Description Symbol Value
Rated power Pn 3H.P
Rated voltage Vi 380/220 V
Rated current Iy 53/32A
Rated speed Np 1420 r.p.m
Rotor inertia J 0.023 kg.m?
Number of poles p 2
Frequency f 50 Hz
Inverter input voltage Ve 600 V
Loading torque To 5N.m
Stator resistance Rs 0.435 Q/ph
Rotor resistance (referred to stator) R, 0.816 Q/ph
Inductance of stator leakage L 4 mH
Inductance of rotor leakage (referred to stator) L, 2mH
Inductance of magnetizing (referred to stator) Lm 69.31 mH
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Figure 14. Model of vector control system

3.3.1. Ascent (up) stage

Figure 15 has shown the speed curve of the two control systems(scalar-vector) ascent (up) stage.
The scalar control system’s curve, shown by curve ny, indicates that the maximum error value occurred in the
situation of acceleration after starting, at speed (500 r.p.m) and at times (0.23 sec) and (0.27 sec). While the
maximum speed error value in the case of fixed speed was 10 r.p.m., which occurred at time (0.8 sec).
However, the value of this error in the case of slowing down before stopping was (100 r.p.m), that occurred
at time (1.77 sec). Regarding the vector control system’s curve, represented by curve ny, it was found that the
maximum speed error value (in all cases) was (2 r.p.m), which is a very small value in comparison to the
values obtained by using the scalar control method. This indicates that the vector control method performs

better than the scalar control method.

motar speed

«  nl(RPM)
© n2(RPM)

Speed [RPM]

GO0 ! I I
u} 0.2 0.4 0B 0.8 1 1.2 1.4 16 1.8 2

Time [sec]

Figure 15. Motor speed in vector and scalar control systems during ascent (up) stage

Figure 16 has shown the electromagnetic torque curve of the two control systems(scalar-vector)
ascent (up) stage. It is obvious that bumps appear in the torque curve Te resulting from the scalar control
system, which reached very high values, exceeding (2500 N.m) in some times. which caused arising
high currents, as seen by the curve lac in Figure 17, occasionally exceeding (200 A). while in the torque
curve Te resulting from the vector control system as we can see in Figure 16. It should be noted that the
torque fluctuates within reasonable bounds and never rises above (20 N.m). The currents resulting from
these torques, as shown in Figure 17. which represented by the curve lac, are in acceptable transient
cases not surpassing the value (50A) for a very short period of time, then return to the value of (15A).
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When such values arise for both torque and transient currents in a scalar control system, the efficiency of the
system decreases due to the higher losses. Additionally, it impairs performance by raising the temperature of
the electronic switches and equipment, which might result in their collapse when the allowable limit values
are above. Economically speaking, it is detrimental since electronic switches that can manage these high
currents must be bought. Consequently, vector control outperforms scalar control with regard to of electrical
switch performance, efficiency, and cost.

motor Torgue

L L . L L L . L L
o 0.z 0.4 05 0.5 1 1.2 1.4 1.6 1.8 2
Time [sec]

L L L L L L L L L
o 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Time [sec]

Figure 16. Electromagnetic torque for motor in vector and scalar control systems during ascent (up) stage

motor Currents

labot [A]

labe2 [4)
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Figure 17. Stator current for motor in vector and scalar control systems during ascent (up) stage

3.3.2. Descent (down) stage

Figure 18 has shown the speed curve of the two control systems(scalar-vector) descent (down) stage
(in other words, when the motor rotates in the opposite direction). The scalar control system’s curve, shown
by curve ns, several maximum values of speed error are demonstrated with high limits. This error in the curve
ns from the vector control system was very small compared to the values from the scalar control system,
demonstrating the superiority of the vector control system when the motor operates at the same load and in
the opposite direction.

Figure 19 has shown the electromagnetic torque curve of the two control systems(scalar-vector)
descent (down) stage. It is obvious that the scalar control system caused bumps in the torque curve Tes, which
sometimes reached very high values. Which caused arising high currents, as seen by the curve las in Figure 20,
occasionally exceeding (250 A) whereas Figure 19 has shown the torque curve Tes obtained from the vector
control system. It should be mentioned that the torque fluctuates within acceptable ranges, as seen in Figure 20,
the currents resulting from these torques are in allowable temporary scenarios, as indicated by the curve lapca.
After analyzing the load ascent and descent scenarios, we conclude that the vector control system is superior
to the scalar control system in regards to performance, efficiency, and the cost of the inverter’s electronic
switches, in contrast, the scalar control system’s economic cost is offset because it does not require a
controller to generate control pulses to the inverter. Practical applications that need for independent torque
and speed control as well as increased output signal stability can make use of the vector control system.
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Figure 19. Electromagnetic torque for motor in vector and scalar control systems during descent (down) stage
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Figure 20. Stator current for motor in vector and scalar control systems during descent (down) stage

The findings demonstrate that during both the ascending and descent phases, vector control performs
noticeably better than scalar control. Vector control ensures steady operation in both rotation directions by
achieving far lower speed errors, a smoother torque response, and significantly fewer current peaks. Scalar
control, on the other hand, results in significant torque and current changes, which raise losses, thermal
stress, and inverter cost. All things considered, vector control offers better performance, efficiency, and
dependability, which makes it more appropriate for applications needing exact torque and speed
management.

The results are so important because they offer a useful practical comparison between scalar and
vector control of a three-phase induction motor under actual variable-speed and bidirectional loading
situations. The findings show that the choice of control approach has a direct impact on inverter performance,
torque ripple, speed accuracy, and current stress. This provides engineers and researchers with precise
guidelines for selecting suitable motor control methods based on cost and performance criteria. The
simulation framework that has been given is also a helpful resource for future scholarly and business study.
According to above, it is evident that the vector control method outperforms the scalar control method by a
wide margin. Table 3 has shown simple comparison between vector control and scalar control method.
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Table 3. Simple comparison between vector control and scalar control method

Scalar control method Vector control method
Simple Complex
Slow response Fast response
Low-cost technique High-cost technique
Low performance in speed Speed regulation is
regulation excellent

4. CONCLUSION

The study proves to the conclusion that for three-phase induction motors to operate efficiently,
vector control provides a notable performance benefit over scalar control. The primary characteristic of
vector control is its capacity to dissociate torque and flux, which enables autonomous and accurate control of
motor dynamics and improves performance across crucial parameters including response time, torque
control, and harmonic distortion. Advanced PWM techniques are incorporated into vector control to further
improve its abilities to reduce harmonics, maximize power efficiency, and provide quick, dynamic responses.
These features make vector control ideal for applications like robotics, and high-performance industrial
drives where high precision, quick speed response, and low harmonic content are necessary.

For simpler applications with less demanding requirements for high performance, scalar control is
still a practical and affordable option. Scalar control offers a suitable and useful solution for use cases where
low cost, simplicity, and convenience of implementation are more important than accurate control, such as in
fans, pumps. It is easier to build since it relies on the more straightforward voltage-to-frequency (V/f)
approach. Especially in cases where dynamic torque adjustment and great accuracy are not necessary.
Therefore, the specific demands of the application should determine whether to use scalar or vector control,
taking into account variables like cost, performance requirements and complexity.

Scalar control’s simplicity makes it perfect for less demanding contexts, even though vector control
is clearly the more advanced and potent method. These techniques can improve system performance and
efficiency by increasing adaptability and optimizing control strategies in real-time. Future research can build
on this study by using advanced control techniques to improve resilience and dynamic performance under
changing load situations. For useful industrial applications, sensorless control and energy-efficiency
improvement can also be investigated.
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