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Because water extraction from wells accounts for the bulk of energy consumption in 

irrigation operations globally, the sustainability and profitability of irrigation are strongly 

reliant on the energy efficiency of the pumping system. A technique that studies and 

improves the performance of motors used in well pumping systems is reported in this body 

of research as having been undertaken. In a similar manner, an experimental investigation 

of the energy efficiency of two modern systems of induction motor control has been 

carried out. According to the results, proper control performance is critical to achieving 

improvements in energy and efficiency. Using DTC-SVM for IM, the purpose of this study 

is to demonstrate a prototype of a pumping system that is powered by solar energy in the 

presence of changing radiation levels. Real-time MATLAB/Simulink simulations are used 

in conjunction with a dSpace 1104 board to carry out the hardware implementation.  
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1. INTRODUCTION

An induction motor (IM), and particularly a squirrel cage 

induction machine, has a number of advantages over a direct 

current (DC) machine. These advantages may be broken down 

into three categories. Because of the low costs associated with 

its production, as well as its wide speed range, high efficiency, 

outstanding resilience, and little maintenance needs, IM is a 

well-liked alternative. The use of IMs may be found in a wide 

variety of residential, commercial, industrial, and utility 

applications. Their management is carefully examined for a 

wide variety of applications, each of which has unique 

management requirements [1]. The nonlinear model that 

governs speed, stator flux, and torque [2] makes the IM a little 

more difficult to understand than it would otherwise be. 

Induction motor drives use a technique of control known as 

vector control or rotor field-focused control called field-

oriented control. The key advantage of using this control 

mechanism as opposed to scalar-controlled drives is the speed 

with which it can respond dynamically. The impact of 

coupling that exists between torque and flux is managed by 

decoupling control, also known as rotor flux orientation 

control [3, 4]. This control allows torque and flux to be 

independently adjusted. This control approach has the 

advantage of being quite successful in terms of the amount of 

time it takes for the torque to respond over a wide variety of 

speed control ranges [5]. Nevertheless, this approach is 

susceptible to fluctuations in the parameters of the IM as well 

as disruptions in the external load [6]. Direct torque control, 

often known as DTC, was proposed as a solution to alleviate 

these drawbacks [7]. It offers a high level of resilience to 

changes in IM parameters. The use of hysteresis controllers, 

on the other hand, causes significant ripples in the 

electromagnetic torque and in the stator flux, especially at low 

speeds. These ripples lead to mechanical vibration and 

additional noise. In addition, because of the variation in high 

frequency, the total harmonic distortion (THD) of the stator 

current will increase forward [8]. In order to attenuate these 

waves, multilevel inverters, also known as MLIs, are used [9]. 

It was stated that there is a space vector pulse width 

modulation that may reduce ripples in flux and torque [10]. 

The speed controller utilized in DTC-SVM-IM exhibits 

performance when parameters are altered and unsatisfactory 

rejection when the load torque and disturbances are applied, 

necessitating the usage of robust control [11]. For this purpose, 

the DTC-SVM control strategy (without the use of hysteresis 

controllers) is recommended in order to obtain a selection table 

that permits the optimal selection of the voltage vector 

sequence to be applied to the motor while respecting the 

constraints on flux and electromagnetic torque. This enables 

us to regulate the torque directly without the need for 

hysteresis controllers, resulting in a considerable decrease in 

the ripple of the control quantities as well as control of the 

switching frequency [12]. To demonstrate the efficacy of the 

suggested improvement strategy, the behavior of the IM 

managed by DTC-SVM is analyzed and compared with that of 

standard DTC. Due to their durable structure, induction motors 

are favored in practical applications such as pumping systems, 

resulting in a dependable, maintenance-free, and productive 

water pumping system [13]. Typically, the torque of a motor 

powered by a pump is proportional to the speed of the motor 

squared. Centrifugal pumps and positive displacement pumps 

are the two most prevalent kinds of water pumps that are 

commercially available. Centrifugal pumps use a rotating 

impeller to create a centrifugal force that pulls water in and 

pushes it out of the pump at high speed and pressure [14]. 
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This work is arranged as follows: Section 2 describes the 

modeling of the water pumping system; Section 3 describes 

the mechanism control for the water pumping system; and 

Section 4 describes the experimental approach and data 

analysis. Lastly, the study's summary is presented in Section 5. 

2. SYSTEM MODELING AND STRUCTURE

Figure 1 depicts the fundamental design of the control 

system [15]. It comprises of a VSI-powered induction motor 

in accordance with the suggested SVM-DTC approach and a 

centrifugal pump as the load. Table 1 lists the parameters of 

the employed induction motor. 

Figure 1. The architecture of the system 

Table 1. Induction motor used parameters 

Element Rating 

Rs 

Rr 

Ls 

Lr 

M 

J 

Fr 

P 

6.75 Ω 

6.21 Ω 

0.5192 H 

0.5192 H 

0.4957 H 

0.0140 

0.002 

2 

2.1 Mathematical model of the Inverter water pumping 

system’s 

The static converter's primary role is to convert continuous 

energy into single-phase or three-phase alternating energy. 

The DC/AC converter is positioned between the source of 

continuous power and the motor pump. In this paper, the ideal 

scenario of a three-phase inverter with two voltage levels, 

represented by flawless instant-switching switches, is 

considered. Considered a perfect voltage source, the inverter 

has low internal impedance. 

The voltages of the output phases are represented by the 

following equations [16, 17]: 

[

𝑉𝑎
𝑉𝑏
𝑉𝑐

] =
𝑉𝑝

3
[
2 −1 −1
−1 2 −1
−1 −1 2

] [

𝑆1
𝑆2
𝑆3

] (1) 

The control signals applied to the switches are (𝑆1, 𝑆2, 𝑆3).

Filtering or PWM systems (Pulse Width Modeling) that 

modulate the duration of the pulses to produce a sine wave 

output may be used to improve the inverters. 

2.2 Mathematical model of the induction motor 

The model of the machine in the three-phase system is quite 

complicated; thus, we request its simplification as part of the 

Park's transformation [18]. Physically, it may be described by 

changing three windings of the machine into two, as seen in 

Figure 2. 

The Park transformation transforms the stator windings as, 

bs, and cs and the rotor windings 𝑎𝑟 , 𝑏𝑟, and 𝑐𝑟 into two stator

windings 𝑑𝑠  and 𝑞𝑠  and two rotor windings 𝑑𝑟  and 𝑞𝑟 ,

respectively. "d" indicates the direct axis, whereas "q" 

indicates the quadrature axis. 

[𝑃(𝜃𝑠)] = 𝐶. [

𝑐𝑜𝑠 𝜃𝑠 𝑐𝑜𝑠(𝜃𝑠) 𝑐𝑜𝑠(𝜃𝑠)

𝑠𝑖𝑛 𝜃𝑠 𝑠𝑖𝑛(𝜃𝑠) 𝑠𝑖𝑛(𝜃𝑠)

1/√2 1/√2 1/√2

] (2) 

Figure 2. Schematic representation of the Park transform 

In designing the direct torque control, the state 

representation in the stator-linked frame is used. The notation 

for this reference frame is (α, β), which translates to the 

conditions 𝑑𝜃𝑠/𝑑𝑡 = 0 and 𝑑𝜃𝑟/𝑑𝑡 = 𝜔𝑟. Then, the following 

electrical equations are obtained [19]: 

{

𝑉𝛼𝑠 = 𝑅𝑠𝑖𝛼𝑠
𝑑𝜑𝛼𝑠
𝑑𝑡

𝑉𝛽𝑠 = 𝑅𝑠𝑖𝛼𝑠
𝑑𝜑𝛽𝑠

𝑑𝑡

0 = 𝑅𝑟𝑖𝛼𝑟 +
𝑑𝜑𝛼𝑟
𝑑𝑡

− 𝜔𝑟𝜑𝛽𝑟

0 = 𝑅𝑟𝑖𝛽𝑟 +
𝑑𝜑𝛽𝑟

𝑑𝑡
− 𝜔𝑟𝜑𝛼𝑟

(3) 

By substituting the expressions of the equation's currents, 

we can formulate the induction machine's equation of state in 

a coordinate system related to the stator [20]: 

𝑑𝑋

𝑑𝑡
= 𝐴𝑋 + 𝐵𝑈 (4) 

𝑋 =  [

𝜑𝛼𝑠
𝜑𝛽𝑠
𝜑𝛼𝑟
𝜑𝛽𝑟

]; 𝐴 = 

[
 
 
 
 
 
 −

𝑅𝑠

𝜎𝐿𝑠
0

0 −
𝑅𝑠

𝜎𝐿𝑠

𝑀𝑅𝑠

𝜎𝐿𝑠𝐿𝑟
0

0
𝑀𝑅𝑠

𝜎𝐿𝑠𝐿𝑟
𝑀𝑅𝑟

𝜎𝐿𝑠𝐿𝑟
0

0
𝑀𝑅𝑟

𝜎𝐿𝑠𝐿𝑟

−
𝑅𝑟

𝜎𝐿𝑟
−𝜔𝑟

𝜔𝑟 −
𝑅𝑟

𝜎𝐿𝑟]

(5) 

𝐵 =  [

1 0
0 1
0 0
0 0

] and 𝑈 =  [
𝑉𝛼𝑠
𝑉𝛽𝑠
] (6) 

In a frame of reference connected to the stator, 

electromagnetic torque is described as a function of stator 

fluxes and currents [21]: 
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𝑇𝑒 = 𝑝(𝜑𝛼𝑠𝑖𝑠𝛽 − 𝜑𝛽𝑠𝑖𝛼𝑠) (7) 

The underlying connection of dynamics enables the writing 

of:  

𝑇𝑒 − 𝑇𝑙 = 𝐽(𝑑Ω 𝑑𝑡⁄ ) + 𝑓Ω (8) 

where, 𝑇𝑒  represents the electromagnetic torque generated

by the motor, 𝑇𝑙  represents the resistive torque, 𝐽 represents

the moment of inertia of all spinning elements, and 𝑓 

represents the coefficient of friction. This connection is a 

differential equation whose independent variable is the rotor's 

angular velocity. 

2.3 Load equations 

According to their working mechanism, water pumps may 

be categorized as either volumetric or centrifugal. In addition 

to these two classes, which will be detailed in more detail later, 

there are two further kinds of pumps that may be separated 

based on their physical placement in respect to the water being 

pumped: the suction pump and the delivery pump. In 

boreholes, centrifugal pumps are the most prevalent form of 

pump. A casing containing a high-speed spinning impeller is 

known as a stage. Centrifugal force propels the water radially 

out of the casing through the impeller. When extra pressure is 

required beyond what a single stage can provide, additional 

stages are added. Before a centrifugal pump can overcome the 

static lift necessary to push water into the storage tank, it must 

operate at a particular speed [22]. A centrifugal pump is a 

mechanical device that converts mechanical energy into fluid 

pressure using centrifugal force. It is very efficient and can 

pump vast quantities of water [23]. The centrifugal pump load 

torque 𝑻𝒍 may be calculated as follows [24]:

𝑇𝑙 = 𝐾𝑝𝜔𝑟
2 (9) 

where, 𝑲𝒑 is the constant of proportionality, which is defined

as follows: 

𝐾𝑝 = 𝑃𝑛𝑝/𝜔𝑛𝑝
3 (10) 

The head of the pump and the available mechanical power 

at the revolving impeller define the water flow and pressure of 

the pump. Affinity laws, which need just the pump's ratings 

and real input parameters, rotor speed and torque [25], may 

facilitate the estimate of the pump's output characteristics. 

{

𝐻′ = (𝜔𝑟 𝜔𝑛𝑝⁄ )
2
𝐻

𝑄′ = (𝜔𝑟 𝜔𝑛𝑝⁄ ) 𝑄

𝑃′ = (𝜔𝑟 𝜔𝑛𝑝⁄ )
2
𝑃

(11) 

where, H, Q, and P are the rated parameters of the pump at the 

rated speed, while 𝜔𝑛𝑝 , 𝐻′ , 𝑄′ , and 𝑃′  are the rated

parameters of the pump at the different speed 𝜔𝑟 . The

following table (Table 2) represents the pump's output 

characteristics used in our research. 

Table 2. Centrifugal pump used parameters 

Element Rating 

The nominal speed 

The nominal flow rates 

100 rad /s 

10 m3/h 

The nominal head pump 

The nominal power hydraulic 

19.1 m 

520 W 

3. CONTROL MECHANISM FOR THE PROPOSED

SYSTEM

3.1 Conventional direct torque control 

3.1.1 DTC principle 

By using hysteresis controllers, DTC regulates the stator 

flux and electromagnetic torque. The 2L-VSI switching states 

may be chosen from a control table using the output of these 

controllers. For DTC, it is assumed that the rotor speed is high 

in order to ignore the voltage drop induced by stator resistance 

in the stator voltage calculation. This approximation 

demonstrates that the voltage vector delivered to the inverter 

may alter stator flow. It achieves decoupled control of the 

stator flux and electromagnetic torque in the stationary frame 

( 𝛼 , β ) and allows induction machines to respond to 

electromagnetic torque with precision and speed. It utilizes a 

switching table to pick the proper voltage vector. The 

switching states are closely related to the machine's stator flux 

and torque fluctuation. Therefore, the selection is 

accomplished by limiting the magnitudes of the flux and 

torque to two hysteresis bands. These controllers provide 

independent regulation of these two quantities. The flux and 

torque errors as well as the outputs of hysteresis controllers 

determine the proper voltage vector for each commutation 

period [12]. The main scheme of DTC is presented in Figure 

3. 

Figure 3. Block diagram of DTC of induction motor feeding 

a centrifugal pump 

3.1.2 Torque and flux estimation 

It is important to note that all calculations for determining 

the stator flux s and electromagnetic torque 𝑇𝑒 are performed

in the reference (α, β). The flux components are denoted as (α, 

β) components of stator current and stator voltage vs the 

following [26]:  

�̂�𝛼𝑠 = ∫ (𝑣𝛼𝑠 − 𝑅𝑠𝑖𝛼𝑠)𝑑𝑡
𝑡

0

(12) 

�̂�𝛽𝑠 = ∫ (𝑣𝛽𝑠 − 𝑅𝑠𝑖𝛽𝑠)𝑑𝑡
𝑡

0

(13) 
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The estimation of the electromagnetic torque and stator flux 

is provided by the following expressions [27]: 

�̂�𝑠 = √�̂�𝛼𝑠
2 + �̂�𝛽𝑠

2 (14) 

𝜃𝑠 = 𝑡𝑎𝑛
−1 (

�̂�𝛽𝑠

�̂�𝛼𝑠
) (15) 

𝑇𝑒 = 𝑝(𝜑𝛼𝑠𝑖𝑠𝛽 − 𝜑𝛽𝑠𝑖𝛼𝑠) (16) 

The components of the voltage vector (Vαs and Vβs) are 

calculated based on the switching states (Sa, Sb, Sc) provided 

by the switching table, so: 

{

V̅αs = 
 1

3
 Vdc (𝑆1 − 𝑆2 − 𝑆3)

V̅βs = √
1

3
 Vdc (𝑆2 − 𝑆3)

(17) 

3.1.3 Hysteresis controllers 

As shown in Figure 4a, a two-level hysteresis controller 

maintains the stator flux in a circular crown. Moreover, a 

three-level hysteresis controller regulates the electromagnetic 

torque of the motor in both rotational directions, providing 

either positive or negative torque. Figure 4b depicts a 

hysteresis torque controller with three levels [28]. 

Figure 4. Hysteresis controllers for a stator flux and b 

electromagnetic torque 

3.1.4 Switching table 

A three-level hysteresis comparator receives the difference 

between the estimated torque and the reference torque. In 

contrast, the difference between the calculated stator flux and 

the reference stator flux is sent into a two-level hysteresis 

regulator. Using the output states of the two hysteresis 

comparators and the stator flux location, the voltage vectors of 

the inverter may be chosen from a switching table (Table 3) 

[10]. 

Table 3. Switching table (TAKAHASHI table) 

Sector 

Flux Torque 1 2 3 4 5 6 

Increase 

Increase V2 V3 V4 V5 V6 V1 

No change V0 V7 V0 V7 V0 V7 

Decrease V6 V1 V2 V3 V4 V5 

Decrease 

Increase V3 V4 V5 V6 V1 V2 

No change V7 V0 V7 V0 V7 V0 

Decrease V5 V6 V1 V2 V3 V4 

3.1.5 Direct torque control-space vector modulation (DTC-

SVM) 

As mentioned previously, the conventional DTC algorithm 

uses the hysteresis comparators for the torque and flux as well 

as the sector position of the instantaneous flux to produce the 

correct switching states for the inverter. The primary 

shortcomings of the hysteresis comparator are its high torque 

and flux ripples, as well as its variable switching frequency. 

Diverse researchers agree to combine the benefits of Direct 

Torque Control and Field Oriented Control within the same 

framework to overcome these drawbacks, resulting in the 

DTC-SVM method. In contrast to the DTC, which uses 

instantaneous measurements and direct computations to 

determine the inverter's switching state, the DTC-SVM uses 

average values and the SVM algorithm to determine the 

inverter's switching state. As seen in Figure 5, the DTC-SVM 

estimates the reference voltage vector and modifies it using the 

SVM approach to generate inverter switches. In this design, 

the torque and flux of the induction motor are controlled. The 

method of control is performed by regulating the voltages 

generated by PI controllers. To generate switching pulses for 

the inverter, the SVM block is utilized. The proposed DTC-

SVM system uses three PI controllers to handle speed, flux, 

and torque errors. The speed error, which is handled by the PI 

speed controller, determines the torque reference (𝑇𝑒
∗). The PI

flux controller and PI torque controller are responsible for 

making the command voltages 𝑉𝑑𝑠 and 𝑉𝑞𝑠, respectively [29].

Figure 5. DTC-SVM configuration 

Figure 6. Flow-chart of DTC-SVM algorithm 

Figure 6 depicts the DTC- SVM's flow chart. As shown in 

Figure, the main steps start from reading 𝑉𝛼 𝑎𝑛𝑑 𝑉𝛽  after

calculated the voltage required driving the error in the torque 

250



and flux to zero, the following identify the sector, where exist 

the vector active such represents Figure 7 to generate the 

switching pulses. If the inverter can't provide the required 

voltage, the voltage vector that drives the torque and flux 

toward the demand value is chosen and kept for the rest of the 

cycle.  

Figure 7. Space vector of a two-level inverter 

• DTC-SVM for Two-Level Inverter

In the instance of the two-level inverter, space vector 

switching attempts to match the sinusoidal reference voltage 

to the six active space vectors and two zero-voltage vectors 

generated by the inverter, as seen in Figure 8. To realize the 

reference voltage vector Vs to its neighboring vectors with the 

lowest possible switching frequency, the complete cycle Ts 

must be split into three parts Ta, Tb, and T0. Using the 

straightforward geometry of Figure 7 produces the following 

on-time or volt-second calculations [30, 31]: 

�̅�𝑠  𝑇𝑠 = 𝑇𝑎�̅�𝑎 + 𝑇𝑏�̅�𝑏 (18) 

where, va=(1, 0) and vb=(0.5, h). 

𝑇𝑎 + 𝑇𝑏 + 𝑇0 = 𝑇𝑠 (19) 

Take the components of Vs along the quadrature axis to 

yield: 

𝑣𝛼0
𝑠 𝑇𝑠 = 𝑡𝑎 + 0.5𝑡𝑏 (20) 

𝑣𝛽0
𝑠 𝑇𝑠 = ℎ𝑡𝑏 (21) 

The on-time periods may be derived from the preceding 

equations as follows: 

𝑇𝑎 = 𝑇𝑠 [𝑣𝛼𝑠
𝑠 −

𝑣𝛽0
𝑠

2ℎ
] (22) 

𝑇𝑏 = 𝑇𝑠 [
𝑣𝛽0
𝑠

ℎ
] (23) 

Rest of the time will consist of: 

𝑇0 = 𝑇𝑠 − 𝑇𝑎 − 𝑇𝑏 (24) 

Figure 8 depicts the leg voltages resulting from the 

generation of reference vectors in sector 1. Each nonzero 

vector's temporal length is split into two equal pieces. The 

length of the zero vectors is uniformly divided from V0 to V7; 

hence, the switching sequence of the space vector during 

period modulation is V0, V1, V2, V7, V7, V2, V1, and V0. 

[33]. 

|�̅�𝑠
∗| =  

2

3
𝑉𝑑𝑐 𝑐𝑜𝑠 (

𝜋

6
) =

1

√3
𝑉𝑑𝑐 (25) 

Figure 8. Leg voltages in sector 1 

4. EXPERIMENTAL PROCEDURE AND DATA 

ANALYSIS

4.1 Experimental system setup 

In order to evaluate the efficacy of the suggested strategies, 

experimental activities were conducted utilizing Figure 9 as a 

benchmark. For the purpose of validating the performance and 

efficacy of the proposed control approaches, a test bench for 

applying the techniques to a water-pumping system has been 

designed. The experimental testing station is shown in Fig. It 

consists of a dSpace 1104 card, computer-connected control 

desk software, a three-phase power supply (50 Hz), an 

incremental encoder, a power electronics Semikron module 

(consisting of a rectifier and an IGBT inverter), a powder 

brake, and a 1.1 kW induction motor. However, it should be 

mentioned that the control loop used current sensors. The 

present sensorless vector control was developed on a DS1104 

board where measurements, control variables, and 

(1) A personal computer equipped with Controldesk

control software.

(2) Numerical Oscilloscope.

(3) Power supply 5 V and 15 V.

(4) dSpace 1104 acquisition card.

(5) Current sensors.

(6) Amplification board.

(7) Semikron power converter consisting of a rectifier, an

IGBT inverter and adaptation interfaces (5V - 15V); with

nominal characteristics: 1000 V, 30 A.

(8) Digital Multimeter.

(9) 1.1kW squirrel cage motor.

(10) Magnetic powder brake and its control unit (12).

(11) Three phases autotransformer (0-450 V).

(13) Voltage sensor.
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ControlDesk software may be coupled. The encoder signal of 

the motor is picked up by one of the board's incremental 

encoder interfaces, while one Analogue/Digital Converter 

(ADC) is needed to evaluate the DC-voltage recorded by the 

dc-link voltage sensor. On the basis of the measured values, 

the controller board executes the control algorithm and 

determines the corresponding inverter control signals, which 

are generated on the DSP subsystem of the board via the 

Digital Input/Output (Digital I/O) board, to specify the 

converter's output voltage and frequency. Note that the load 

torque (pump torque) was utilized in the control loop through 

the dSpace 1104 board to set/extend the value of the powder 

brake. The complete parameters associated with the induction 

motor and water-pump are given in Appendix. 

 

 
 

Figure 9. Configuration diagram of experimental setup 

 

4.2 Comparison and discussion experimental results 

 

 
(a) By DTC 

 
(b) By DTC-SVM 

 

Figure 10. Torque-Speed by DTC, and by DTC-SVM 

The corresponding real-time results are shown below. 

Figures 10a and 10b depict the based speed control of the 

induction motor (the reference speed is set to 1000 rpm) and 

the electromagnetic torque when a load torque (pump torque) 

of 5 N.m is applied using the traditional DTC and DTC-SVM 

approaches, respectively. By using DTC-SVM, the 

electromagnetic torque exhibits fewer ripples than traditional 

control. Even at the rated load, the reaction of the control 

system to the speed reversal test is seen to be quite excellent. 

 

 
 

Figure 11. Three phase currents by DTC 

 

 
 

Figure 12. Three-phase currents without load by DTC 

 

 
 

Figure 13. Alpha-beta currents by DTC 

 

 
 

Figure 14. Three-phase currents without-under pump load by 

DTC-SVM 
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Figure 15. Alpha-beta currents by DTC-SVM 

Currents without-under pump load by DTC, Three-phase 

Currents without load by DTC, Alpha-beta currents estimated 

by DTC, Three-phase currents without-under pump load by 

DTC-SVM, and Alpha-beta Currents without-under pump 

load by DTC-SVM are shown in Figures 11, 12, 13, 14, and 

15, respectively. The rotor and stator current components for 

both approaches are the same. They are responsive to the 

torque fluctuations generated by the load. Their form is 

sinusoidal. As with traditional DTC, the steady state current 

response of the DTC SVM exhibits little ripple in stator 

current and a nearly sinusoidal wave shape. The ripple of the 

stator current is quite strong, displaying the phase current and 

its harmonic spectrum. Because of hysteresis controllers, the 

quality of DTC-SVM stator current waveforms is clearly 

better than that of traditional DTC. 

(a) Trajectory flux

(b) Alpha-beta flux

Figure 16. The stator flux by DTC 

(a) Trajectory flux

(b) Alpha-beta flux

Figure 17. The stator flux by DTC-SVM 

Figures 16a, 16b, 17a, and 17b show, respectively, the stator 

flux trajectory as measured by DTC, the Alpha-beta Flux 

under-without pump as measured by DTC, the stator flux 

trajectory as measured by DTC-SVM, and the Alpha-beta Flux 

under pump as measured by DTC-SVM. The steady-state 

behavior of both the traditional techniques and the new ways 

is shown by these data. 0.8 Wb is the instruction for the stator's 

flux. On the basis of these findings, it is possible to see that the 

approach that is presented, which is based on the SVM 

methodology, gives fewer flux ripples. 

Figure 18. Speed reference imposed 

(a) By DTC

(b) By DTC-SVM

Figure 19. Rotor-speed measured 

Figures 18, 19a, and 19b respectively represent the motor 

reference speed, the measured rotational speed, as determined 

253



by DTC and DTC-SVM approaches, and the motor reference 

speed. Even when operating at the rated load, the control 

system had a very excellent reaction in terms of how it dealt 

with the speed variation test. This is something that can be 

seen. However, it is important to keep in mind that traditional 

DTC is inferior to DTC-SVM when measuring dynamic's 

performance at low speeds. It is also possible to note that the 

pumping system has exceptional tracking performance with a 

nominal pump speed of equal to 1000 revolutions per minute. 

The flow rate that was measured in the pump by DTC and 

DTC-SVM may be seen in Figures 20a and 20b, respectively. 

The pump has been imposed with a flow rate that is nominally 

10 𝑚3/h. as shown by the fact that the tracking performance

remains stable despite significant rotor speed variations. 

(a) By DTC

(b) By DTC-SVM

Figure 20. Flow rate measured 

(a) By DTC

(b) By DTC-SVM

Figure 21. Head pump 

Our pumping system has been enforced with a nominal head 

pump of 19.1 meters. Figures 21a and 21b, respectively, 

demonstrate the behavior of the head pump in response to 

variations in the speed of the rotor when DTC and DTC-SVM 

were used to analyze the data. This was the fast track of the 

system, and it forced the rotor to move at a very high speed. 

The hydraulic power also influenced the fast at any rotor 

speed, which is depicted in Figures 22a and 22b by DTC and 

DTC-SVM, respectively. Everyone knows that 520 W is the 

standard for hydraulic power in our water system, such we 

described in Table 2. 

It is possible to see that any improvement in IM behaviors 

is a direct increase in the performance of the head pump, flow 

rate, and hydraulic power (the water-pumping system 

globally). 

(a) By DTC

(b) By DTC-SVM

Figure 22. Hydraulic power 

We are able to present this prototype with a change in speed 

as a pumping system that is based on renewable energies such 

as solar energy, so that the change in speed represents the 

continuous change in energy that is given by the solar panels. 

In other words, we are able to demonstrate that the change in 

speed represents the continuous change in energy that is given 

by the solar panels. Altering the voltage at which the system is 

supplied with power is one way to accomplish this goal. For 

example, if there is a change in the radiation, there will be a 

corresponding shift in the voltage that is given to the motor 

that feeds the pump. This will occur because of the change. In 

today's world, these technologies are being put to use in the 

fields of agriculture and irrigation in parts of the world that are 

geographically isolated. The system that was looked at shows 

how the yield of the central pump and its features affect how 

the engine works, as well as how the control mechanism helps 

the system work as well as it can in its current state. 

5. CONCLUSION

In this paper, a study using a prototype of a direct torque 

control method that is based on space vector modulation has 
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been provided for an induction motor that is driven by a two-

level inverter. The performance of traditional DTC should be 

improved, and each improvement in IM behaviors should 

result in an increase directly in the performance of the head 

pump, flow rate, and hydraulic power (the water-pumping 

system globally). The purpose of this study was to address the 

experimental validation of DTC-SVM control for a pumping 

system by using the dSPACE DS1104 platform. It has been 

shown that both the dynamic model of IM as well as the 

fundamental concept of DTC methods have developed in 

detail the control approach known as DTC, which is based on 

space vector modulation. Here is a list of the most important 

things that were found when a prototype of the pumping 

system was used to test the system controls:  

• Using space vector modulation, also known as SVM, is an

effective way to improve DTC. Flux and torque ripples are 

reduced. As a result, there are fewer issues that might arise 

with IM, such as aging, mechanical vibrations, heating, etc. 

The pump will have problems as a result.  

• Compared to traditional DTC, the suggested method

reduces the amount of harmonic distortion in the rotor and 

stator currents by 51%, resulting in optimal optimization.  

• The benefits of traditional DTC, such as its quick response,

torque dynamics, and ruggedness, are kept. 

Finally, we commend that this improved pump performance 

technology is suitable for the use of the pump powered by 

synchronous engines, and will be part of our future work and 

other engines if possible. 
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NOMENCLATURE 

IM induction motor 

Vds The stator voltage in d coordinate system 

Vqs The stator voltage in q coordinate system 

Vsα The stator voltage in the stationary 

frame α. 

Vsβ The stator voltage in the stationary 

frame β. 
Rs stator resistance of IM. 

Rr rotor resistance of IM. 

Greek symbols 

ωm the rotor electrical frequency in rad/s. 

φ∗ flux reference. 
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