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1. Introduction 

As the aircraft industry is moving towards the All-Electric and More Electric Aircraft 

(MEA), there is an increased demand for electrical power in the aircraft. The trend in the 

aircraft industry is to replace hydraulic, mechanic, and pneumatic systems with electrical 

counterparts achieving more comfort and monitoring features [1], [2]. With recent 

developments in high-performance motors and power electronics, much research is being 

undertaken to develop suitable electrical actuators for MEA applications due to the many 

advantages of electric actuators over conventional actuators [3], [4]. Electrical motors are 

considered a significant part of the electrical actuators system and one of the essential 

components, and it has a direct effect on actuators' performance. Because of rugged 

construction, high starting torque, wide speed range, and many other advantages of the 

Switched Reluctance Motors (SRMs), it can be considered a suitable motor for electrical 

actuators applications [5].  

The overall performance of the SRMs can be improved in two main ways: by improving 

the mechanical design or by developing the control techniques. Regarding the development of 

the control techniques, which this thesis focuses on, there are different control strategies that 

can be applied to SRM, such as speed/position control, current control, and direct/indirect 

torque control. The torque ripples are considered the main challenge of the SRM in many 

applications [6]. This problem is very complicated and affected by many factors, and it is not 

easy to solve. Different methods of control are used to overcome this problem, such as 

traditional control methods, torque distribution, linearization control, intelligent control, and 

other control methods. So, the torque ripple can be efficiently decreased by selecting and 

developing a suitable control strategy and approach for each application [7], [8].  

This thesis aims to develop advanced control techniques for the SRMs drives for improving 

overall motor performance. This work also aims to apply these developed methods to the 

electrical actuators system of flight control surfaces for modern civil aircraft as an application 

and study the SRM-based electrical actuators' performance. Moreover, analyzing the 

performance of the aircraft electrical power distribution systems in the presence of electrical 

actuators driven by SRMs at the transient and steady-state operating conditions. To this end, a 

detailed model of the modern aircraft electric power system with SRM-based electrical 

actuators has been modeled, developed, and analyze.
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2. Research Objectives 

The thesis's main objective is to develop advanced control techniques based on modern 

control strategies for the SRMs to drive the electrical power actuation systems in modern civil 

aircraft, in which mechanical, pneumatic, and hydraulic controllers and devices are replaced 

with electrical counterparts. Based on the literature, considerable research work has been 

conducted to resolve the SRMs'operational problems; however, most of these approaches have 

used conventional control methods. Modern control strategies can be used instead of 

conventional techniques to solve complex problems and deliver better performance. In this 

thesis Fuzzy Logic Control (FLC) and Model Predictive Control (MPC) are used for the 

following reasons: 

▪ FLC and MPC have faster and smoother responses than conventional systems. 

▪ Unlike FLC and MPC, the traditional control approach requires modeling of the physical 

system and needs its transfer function to design and tune the control parameters.   

▪ FLC and MPC have a sound theoretical basis, and their stability, optimality, and robustness 

properties are well understood. 

▪ Despite being very simple to design and implement, MPC algorithms can control large-

scale systems with many control variables, and, most importantly, MPC provides a 

systematic technique of dealing with constraints on inputs and states. 

▪ Non-linear plant dynamics can be incorporated in FLC and MPC control. 

 In this work, a detailed simulation model of the SRM is built, analyzed, and controlled 

with two types of advanced control techniques: fuzzy logic control and the model predictive 

control. The proposed control techniques in this work are applied to two different control 

strategies of SRM control: current control and direct torque control. Also, the performance of 

the aircraft electrical power system in the presence of electrical actuators driven by SRM is 

studied and analyzed at transient and steady-state operating conditions.  

2.1. Switched Reluctance Motor Modeling. 

A detailed simulation model for the non-linear 6/4 switched reluctance motor with a 

symmetrical IGBT power converter has been built; this model was created using the PSIM 

software tool and programmed using C-code capability in the software. This model must 

provide a practical and accurate motor behavior during transient or steady-state load conditions. 
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2.2. Fuzzy Logic Control for SRM Drive 

To enhance the SRM performances, the PD-FLC is programmed and applied to the SRM 

current control and direct torque control and compares the controllers' performances with the 

conventional control methods. The controller design steps include fuzzification, rule evaluator, 

and defuzzification. The FLC's inputs are the current and torque error and the change in this 

error; the evaluation between these two inputs is carried using AND-intersection. The FLC 

output is a power converter modulation index used to generate the optimal gating signals with 

a selectable switching frequency. The membership functions were defined offline, and the 

variables' values are selected according to the system behavior. The rules base (decision-

making logic) is filled initially depending on the clear understanding of how the control system 

works. Then it is modified and optimized according to the controller performance.  

2.3. Model Predictive Control for SRM Drive 

To improve the SRM drives performances, the predictive current control, and predictive 

direct torque control are programmed and applied to the SRM controller. The predictive control 

algorithm is applied to determine the optimal states of the power converter's switches. With the 

help of phase voltage, shaft speed, phase current, and rotor position, the proposed predictive 

control algorithm can predict the controller variables' future value. And selecting the optimal 

switches state that provides the smallest value of the cost function, which determines the 

absolute error between the predicted and the reference signals considering the other control 

objectives such as switching frequency of the power converter and copper losses. The 

controllers' performances are compared with the conventional control methods. 

2.4. Modeling and Advanced Control of Modern Aircraft Electrical System  

To integrate the electrical actuators' proposed configuration in the modern aircraft system 

and study the actuator performance and its effect on the aircraft electrical power system. Firstly, 

a simulation model for the modern aircraft electrical power system must be built. In this part, 

the aircraft electrical power system is modeling, and the advanced control technique (MPC) is 

applied for the power converters inside the aircraft. The system's performance and stability 

with the MPC under a step-load change are investigated.  
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2.5. SRM-Based Electrical Actuator for Modern Aircraft Applications 

To study SRM-based electrical actuators' performance for modern aircraft applications with 

proposed control methods, a simulation model for the modern aircraft electro-mechanical 

actuator driven by SRM is built. And the performance of the overall aircraft electrical power 

system in the presence of electrical actuators is studied to investigate the possibility of using 

the SRM-based electrical actuators in modern aircraft. 

3. Thesis Outline 

In structure, the thesis consists of seven chapters, which display the work done within this 

study, and a list of references and an appendix. 

3.1. Chapter 1: 

 Presents a complete literature review concerning switched reluctance motors, converters 

topologies, control techniques and strategies, torque ripples minimization strategies, and used 

control techniques for SRM (FLC and MPC). 

3.2. Chapter 2: 

 Introduces design, programming, and application of FLC technique to SRM control. The 

FLC technique has been applied to the SRM current controller and direct torque controller, and 

the system performance is studied and analyzed. The controllers were tested at different loading 

conditions and variable reference speeds. 

3.3. Chapter 3:  

Presents design, programming, and application of MPC technique to SRM current and 

torque control, and the system performances are studied and analyzed. The proposed 

controllers were studied at various loading conditions to investigate the controller robustness 

and variable reference speeds to examine the controller's tracking performance. 

3.4. Chapter 4: 

 Gives a general description of the modern aircraft electric power system, including 

generation units and generator driving systems, distribution systems, and load types, especially 

the flight control surface electrical actuators load. In addition, it provides a complete 

description of the modern civil aircraft Boeing (B787) electrical system, which is taken as the 

case study in this work. 
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3.5. Chapter 5:  

Provides building a simulation model for the modern aircraft electrical power system with 

advanced control technique (MPC). The simulation model was designed using the PSIM 

software, and the control units are programmed using C language. The performance of the 

aircraft's electrical power system under transient and steady-state operating conditions was 

studied. 

3.6. Chapter 6:  

Presents a simulation model of the SRM-based electro-mechanical actuators for aircraft 

flight control surface applications. The actuator's mechanical design model is taken from the 

literature, and the SRM is controlled using the predictive control technique. The actuator's 

overall performances are studying, and the electrical distribution power system for modern 

aircraft in the presence of SRM-based electro-mechanical actuators is analyzed and 

investigated. 

3.7. Chapter 7:  

Describes the dissertation conclusions, and some future related works are recommended 

and pointed out.
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4. Theses 

The significant results of the dissertation can be summarized in Six theses as follows: 

4.1. Thesis 1 

An intelligent control technique has been proposed for SRM control. The proposed method 

is based on fuzzy logic control which the control variables can be converted to natural language 

terms. I designed, programmed, a more reliable controller for SRM current control, and 

compare the controllers' performances with the existed current control methods. The controller 

is designed to be more flexible, where all steps of the control unit have been programmed. 

I created a simulation model for the non-linear 6/4 switched reluctance motor with an 

asymmetrical IGBT power converter. I designed FLC and programmed all steps using C code 

based on analysis of the input and output membership functions and decision-making logic. 

The coding of controller steps helped to adapting and optimizing the controller variables. The 

obtained simulation results verified that the programmed FLC is an efficient control technique 

for the SRM current control. The motor phases' current tracking the reference signal with 

minimum current ripples' values. Hence, the torque ripples during the conduction period of 

each motor phase have been reduced. The controller was tested at different load conditions 

and with different switching angles.   

The related work is presented in this thesis has been published in [S2]. 

4.2. Thesis 2 

The thesis is dealing with a new direct instantaneous torque control technique for SRM 

drives using fuzzy logic. The controller has been developed to improve motor performance and 

reduce torque ripples. In this approach, the fuzzy logic DITC consisted of a combination of the 

PD-FLC and PWM. With the PWM method's help, a fixed switching frequency has been 

provided, and the average phase voltage has been regulated to control the currents variety in a 

single sampling time. 

I used the Lookup table to estimate the shaft torque depending on the phase currents and 

rotor position. I performed the controller steps by programming where the membership degree 

and shape of each input and output have been defined, optimized, and selected to fulfill the 

controller requirement. The decision-making logic has been tuning and modified inside the 

controller code to achieve optimal controller performance. The controller was tested at 

different loading conditions to investigate the controller's robustness and with variable 

reference speeds to examine the controller's tracking performance. The obtained results show 
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the programmed fuzzy logic DITC technique's effectiveness to reduce the SRM torque ripples 

and improve the performance, whether in case of torque load changed or in case of motor 

speed changed compared to traditional DITC techniques. 

The related work is presented in this thesis has been published in [S3]. 

4.3. Thesis 3 

In this thesis, current control for SRM based on model predictive control technique has 

been introduced to enhance motor performance. The converter switches' switching signals have 

been optimized and directly generated without a modulator required. The system model has 

been used to predict the controlled variables' future behavior. 

To establish an accurate non-linear model of SRM for high-performance model predictive 

control, I used the Lookup table technique to find the machine's different values inductance 

according to the rotor position and phases current. I designed the controller algorithm to 

predict the future value of the phase current Ia(k+1) based on the motor analytical model. I 

defined the controller cost function to determines the optimal switch state for each switch of 

the power converter according to the predicted current and the desired one. The new proposed 

algorithm has enhanced the motor performances by selecting the optimal state of the power 

converter switches based on predicting the controller variables' behavior and according to the 

predefined cost function. The controller has been tested at two different loading conditions, 

and the obtained results confirm the proposed algorithm's ability to improve the performance 

of the SRM drives. 

The related work is presented in this thesis has been published in [S9]. 

4.4. Thesis 4 

The Predictive Direct Instantaneous Torque Control (PDITC) has been proposed to 

improve the overall performance of SRM drives. In this method, the shaft torque has been kept 

close to the desired torque by predicting the motor torque's future values and selecting the 

optimal switch state applied to power converter switches to minimize the torque error. 

Additional objectives for the controller have been considered, such as reducing phases current 

to reduce copper losses and increasing overall efficiency, and operating the controller at the 

low switching frequency. 

To apply the predictive control technique for DITC of the SRM, I used the analytical method 

from the literature to describe an exact non-linear model of the SRM and predict the control 

variables' future states. I designed the controller algorithm to holding the motor torque close 

to the desired values with a small value for torque ripples. I used multi objectives predefined 
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cost function to decreasing copper losses and minimized the average switching frequency as 

well. With the predictive torque control algorithm's help proposed here, the future values of 

the total electromagnetic torque Te(k+1) for all possible power converter's switches states 

have been predicting. And by minimizing the controller multi-objective function, including 

reducing the motor torque error, average switching frequency, and phases current, the optimal 

states of the power converter switches have been selecting. The obtained simulation results 

demonstrate the effectiveness of the proposed technique to minimize the torque ripples of the 

SRM, whether in the case of torque load changed or in the case of motor speed changed. And 

thanks to the controller's multi-objective function, the motor torque has tracked the desired 

torque with small values of ripples. Also, the copper losses and the average switching 

frequency have been minimized compared to the conventional DITC technique. 

The related work is presented in this thesis has been published in [S5]. 

4.5. Thesis 5 

In this thesis, A complete simulation model for a single channel of the modern civil 

aircraft's electrical power system has been modeled and controlled using model predictive 

control. The model includes a Generator Control Unit (GCU) of the synchronous generator 

driven by a separately excited DC motor (engine equivalent), Auto Transformer Unit (ATU), 

Auto Transformer Rectifier Unit (ATRU), and Transformer Rectifier Unit (TRU). The 

simulation and analysis for Variable Speed Variable Frequency (VSVF) electric power 

distribution systems of modern civil aircraft have been presented. The MPC technique has been 

used to control all power converters inside the model, including GCU, AC-DC Controlled 

rectifier, AC-AC inverter, and DC-DC converter.  

I built a simulation model for a single channel of Boeing 787 modern civil aircraft electrical 

power system as a case study. I designed the controller of each bus of the distribution systems 

using the MPC technique. I studied the aircraft electrical distribution system's stability and 

performance at all load buses by applying the full load step. It is found that the proposed model 

has been maintained the stability of the aircraft distribution system and kept the voltage 

profiles within the limits of aircraft standards. With the proposed control in GCU, ATRU, and 

TRU controllers, the main four buses voltage (variable frequency bus, 270 V DC bus, 28 V DC 

bus, and constant frequency bus) have been kept within standard limits at the transient and 

steady-state conditions. And the generator frequency has been within the standard limits for 

all the frequency operating ranges of 400-800 Hz. The obtained results from the controllers' 

comparison part show the superiority of the predictive control compared to the other methods. 
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It has a shorter settling time and generates lower ripples. Also, it guarantees the robustness of 

the aircraft electrical system even with a large step-load at different distribution system buses. 

The related work is presented in this thesis has been published in [S1] and [S7]. 

4.6. Thesis 6 

A new configuration of the electro-mechanical actuator for modern civil aircraft flight 

control surfaces has been proposed. In the proposed configuration, the SRM has been used to 

drive the actuator surface. A simulation model for the SRM-based electro-mechanical actuator 

has been built, and the SRM has been controlled using two different control strategies. 

I built a complete simulation model of the SRM-based electro-mechanical actuators, and 

the actuator's mechanical design model and its parameters have been taken from the literature. 

This model has considered inertia, damping, the stiffness of the ball screw mechanism, stiffness 

of the bearing structure, and surface dynamics. I applied the predictive current control 

algorithm shown in thesis three to the proposed configuration of the SRM-based EMA. By 

studying the actuator performances, the motor speed and the flight control surface deflection 

have tracked the desired signals accurately during a complete cycle of the deflection angle. 

These results show that the actuator controller provides a satisfactory response to the motor 

speed, and the proposed configuration produces the desired deflection angle for flight control 

surfaces in both directions accurately. I utilized the PDITC method presented in thesis four on 

SRM-based EMA.  By investigated the performances of the proposed configuration with the 

PDITC technique. It is found that the flight control surface actuator's deflection angle follows 

the desired angles in both directions satisfactorily, and the torque ripples have been reduced. 

I studied the performance and power quality of the aircraft electrical distribution system 

in the presence of SRM-based EMA using the aircraft simulation model and control technique 

presented in thesis five. It is found that the SRM-based EMA is affecting aircraft electrical 

system, but with the help of MPC in GCU and ATRU controllers, the primary AC bus and 

HVDC bus's voltage values have been kept within the limits of aircraft standards at varying 

frequencies and different operating conditions of the actuators' deflection angle. This study's 

simulation results confirm the possibility of using the proposed configuration of the SRM-based 

EMA and the applied control strategies in modern aircraft applications. Because this 

configuration combines the advantages of SRMs and the predictive control technique, it 

demonstrated its ability to drive flight control surfaces accurately, and its effect on the 

aircraft's electrical system was acceptable and met the aircraft's electrical standards. 

The related work is presented in this thesis has been published in [S4] and [S6].
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5. Significance and Practical Applicability of the Results 

The use of electrical actuators within modern aircraft, whether civilian or military, has 

become a necessity due to their ability to reduce the system's overall weight, providing 

increased quantity and quality of data and giving instantaneous feedback through the motors' 

control units, achieve more accurate control and more excellent repeatability, reducing the part 

count by eliminating the hydraulic actuator parts, providing higher reliability and lower life 

cycle costs, and improve overall efficiency. However, the electrical actuators put some 

challenges on the aircraft electrical system, both in the amount of the required electrical power 

and the processing/management/control of this power. 

The modern More-Electric and All-Electric aircraft are supposed to incorporate the 

proposed configuration of the flight control surfaces' actuation system since it can provide high 

power density, high starting torque, and a wide speed range; due to the integration of the SRM 

into the electro-mechanical actuator. The proposed configuration of electric actuators provides 

high control performance by applying advanced control techniques. And the advanced control 

techniques presented to electrical actuators can be used to all power converters inside the 

aircraft electrical system, which provides superior flexibility in the design with the possibility 

of integrating controllers together to reduce size, weight, as well as cost. 

 

6. Directions of Further Research 

For future work, the following directions of research are recommended: 

1. Use advanced tools to mitigate the harmonics generated in the aircraft system due to the 

presence of the SRM-based electrical actuator. These tools may include passive and/or 

active filters. 

2. Develop an accurate analytical model for SRM to achieve high-performance real-time 

control. 

3. Improve the sensor-less control method of SRM for industrial applications. 

4. Preparing a scaled-down laboratory model, implement the proposed control techniques and 

strategies, and validate the obtained simulation results.
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