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Introduction 
Induction motors are widely used in 

modern AC electric locomotives due to their 
robustness, high efficiency, and low 
maintenance requirements. In railway traction 
systems, they are essential for providing high 
starting torque, reliable operation, and efficient 
performance over a wide speed range. However, 
induction motors are nonlinear systems with 
strong coupling between torque and flux, 
making precise control challenging. 
Conventional control methods such as V/f 
control are simple but suffer from poor dynamic 
performance and limited accuracy, especially 
under rapidly changing load conditions typical 
in traction applications. [1] 

To address these limitations, advanced 
control techniques such as Field-Oriented 
Control (FOC) have been developed. In 
particular, Indirect Field-Oriented Control 
(IFOC) enables independent control of torque 
and flux by transforming motor variables into a 
rotating dq reference frame. This approach 

provides fast dynamic response and accurate 
speed control, which are critical for AC 
locomotive drives. [2-3] 

This thesis focuses on the modeling and 
control of an induction motor using the IFOC 
method. The system is implemented in 
MATLAB/Simulink and includes speed and 
current control loops, coordinate 
transformations, and a PWM-based inverter. 
The proposed control strategy aims to achieve 
high-performance operation suitable for 
electric traction systems. 
CONTROL STRUCTURE AND WORKING 
PRINCIPLE OF INDIRECT FIELD-ORIENTED 
CONTROL (IFOC) 

An induction motor drive based on the 
Indirect Field-Oriented Control (IFOC) system 
consists of an outer speed control loop and 
inner current control loops, enabling decoupled 
control of torque and flux. The reference speed 
is compared with the measured rotor speed to 
generate a speed error, which is processed by a 
PI controller to produce the reference torque 
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current 𝑖𝑞
∗ . The flux-producing current reference 

𝑖𝑑
∗  is provided separately, allowing independent 

regulation of the rotor flux. The measured stator 
currents are transformed from the three-phase 
(abc) system into the stationary αβ frame using 
Clarke transformation, and then into the 
rotating dq frame using Park transformation. 
These dq currents are compared with their 

respective reference values, and the errors are 
processed through PI controllers to generate 
voltage commands 𝑣𝑑

∗  and 𝑣𝑞
∗.The voltage 

references are then converted back to the three-
phase system using inverse Park transformation 
and applied to the PWM-based voltage source 
inverter, which drives the induction motor. Fig.1 

 
 

Fig. 1  Block Diagram of Indirect Field-Oriented Control (IFOC) System for Induction Motor Drive 
The rotor flux angle θ, required for 

coordinate transformations, is obtained 
indirectly through slip frequency calculation, 
making the system an indirect field-oriented 

control scheme. Feedback signals including 
motor currents and rotor speed are used to 
ensure closed-loop operation and high dynamic 
performance. Fig.2 

 

  
Fig. 2    Clarke Transformation (abc → αβ) 

The Clarke transformation converts 
three-phase (abc) quantities into a two-axis 
stationary reference frame (αβ). This 

transformation reduces system complexity and 
serves as an intermediate step for Park 
transformation in vector control systems. Fig.3 
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Fig.3   Park Transformation (αβ → dq) 

The Park transformation can be 
interpreted as a rotation of the stationary αβ 
reference frame by an angle θ, resulting in a 
synchronously rotating dq frame aligned with 

the rotor flux. This geometric interpretation 
simplifies the understanding of decoupled 
control in induction motor drives. 

                                                  [
𝑖d

𝑖q
] =  [

cos 𝜃𝑒 sin 𝜃𝑒

−sin 𝜃𝑒 cos 𝜃𝑒
]     [

𝑖α

𝑖β
]                                                   (2) 

 
 𝜃𝑒— electrical angle  

In indirect field-oriented control (IFOC), 
the rotor flux angle θ is not measured directly 
but estimated through electrical angular speed. 

The electrical speed is obtained as the sum of 
rotor mechanical speed and slip speed.   

                                                                      𝜔𝑒=
𝑑𝜃𝑒

𝑑𝑡
                                                                     (3)      

                                                                    𝜔𝑒 = 𝜔𝑟 + 𝜔𝑠𝑙𝑖𝑝                                                       (4) 

The slip speed is calculated based on the torque-producing current and rotor flux. The rotor flux 
angle is then obtained by integrating the electrical angular speed. This estimated angle is used in the 
Park transformation to align the rotating reference frame with the rotor flux, enabling decoupled 
control of torque and flux.[5] 

 
Matlab/Simulink Implementation Of Ifoc 

The Simulink implementation of the Indirect Field-Oriented Control (IFOC) system are given. It 
includes speed, flux, and torque control loops, along with Clarke and Park transformations for 
converting currents into the dq reference frame. A flux observer and angle estimator provide the 
required rotor flux and electrical angle for control. The system generates voltage references for PWM-
based inverter operation, ensuring decoupled control of torque and flux. Fig.4 
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Fig. 4  Simulink Implementation of IFOC for Induction Motor 
  
Results And Discussion 

The simulation results demonstrate the 
dynamic performance of the induction motor 
drive under the Indirect Field-Oriented Control 

(IFOC) strategy. The obtained waveforms 
include stator voltage, stator currents, rotor 
speed, and electromagnetic torque. Fig.5 

 

 
 

Fig. 5 Simulation Results of Induction Motor under IFOC Control 
 
From the results, it can be observed that as the 
rotor speed increases, the stator voltage also 
increases proportionally. At the initial stage, the 
stator voltage is approximately 91.4 V and 
continues to rise with speed until it reaches the 

rated value of about 2150 V. This behavior 
corresponds to the constant V/f control region. 
Beyond this point, in the field weakening region, 
the stator voltage remains nearly constant 
despite further increase in speed.The stator 
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current behavior also confirms proper 
operation of the control system. At the starting 
condition, the stator current reaches 
approximately 510 A, providing high starting 
torque required for traction applications. As the 
motor approaches nominal operation, the 
current decreases to around 390 A. At maximum 
speed, the current slightly increases and 
stabilizes at approximately 410 A, indicating 
effective torque control in the field weakening 
region.[6-7] 
Furthermore, the stator current frequency 
increases proportionally with speed. Starting 
from near zero frequency, it rises continuously 
and reaches the nominal frequency of 46 Hz, and 
further increases up to approximately 86 Hz at 
maximum speed. This confirms that the inverter 
correctly adjusts the supply frequency 
according to the speed demand.The rotor speed 
curve shows a smooth and stable increase 
without oscillations, indicating good dynamic 
response and proper tuning of the control 
system. The electromagnetic torque remains 
within the expected range and does not exhibit 
significant instability, demonstrating effective 
decoupling of torque and flux. 
Overall, the results confirm that the 
implemented IFOC strategy provides stable 
operation, accurate speed tracking, and efficient 
control of the induction motor over a wide 
speed range, including both constant torque and 
field weakening regions. These characteristics 
make the system highly suitable for AC electric 
locomotive applications. 
 
Conclusion 
This thesis investigated the modeling and 
control of an induction motor using the Indirect 
Field-Oriented Control (IFOC) strategy. The dq-
based mathematical model enabled decoupled 
control of torque and flux, and the complete 
control system was implemented in 
MATLAB/Simulink. The simulation results 
demonstrate that the stator voltage increases 
with speed up to its rated value and remains 
constant in the field-weakening region. The 
stator current decreases from its initial value 
and stabilizes at higher speeds, while the rotor 
frequency increases proportionally with speed. 
The rotor speed accurately tracks the reference 

value, and the electromagnetic torque remains 
stable throughout operation. 
The results obtained in this study confirm the 
effectiveness of the Indirect Field-Oriented 
Control (IFOC) method for controlling an 
induction traction motor. The proposed 
approach ensures fast dynamic response, 
precise speed regulation, and reliable operation, 
making it well suited for application in AC 
electric locomotive traction systems. 
 
References 

1. Prof. Dr.-Ing. Andreas Steimel. Electric 
Traction - Motion Power and Energy 
Supply: Basics and Practical Experience, 
2008. 197–206 с.  

2. Assoc. Prof. Gonzalo Abad. Power 
Electronics and Electric Drives for 
Traction Applications, Mondragon 
University, Spain, 2017    264-276   с.   

3. Burkov, A.T., Valinsky, O.S., Evstaf’ev, 
A.M. et al. Modern Locomotive Traction 
Drive Control Systems. Russ. Electr. 
Engin. 90, 692–695 (2019).   

4. Nazirkhonov T. M., Radjibaev D. O. 
Evaluation of the efficiency of a 4q-S 
converter of an alternating current 
electric locomotive of the O’Z-ELR series 
using a computer simulation model 
//AIP Conference Proceedings. – AIP 
Publishing, 2023. – Т. 2476. – №. 1. 

5. Sang-Hoon Kim. Electric Motor Control: 
DC, AC, and BLDC Motors. CRC Press, 
2017. 

6. Ľuboš Struharňanský, Ján Vittek, Pavol 
Makyš, and Jaroslav Ilončiak. Vector 
control techniques for traction drive 
with induction machines – comparison. 
In Proceedings of TRANSCOM 2017: 
International Scientific Conference on 
Sustainable, Modern and Safe Transport, 
Žilina, Slovakia, 2017. 

7. T. M. Nazirkhonov, A. T. Lesov, and N. Q. 
Sobirov, “Integration of neural networks 
into electric rolling stock control 
systems,” Railway Transport: Topical 
Issues and Innovations, no. 1, 2025. 

 


