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TRACTION MOTORS 
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Abstract: This article focuses on the identification of asynchronous traction motor 
parameters, their real-time monitoring during operation, and the improvement 
of vector control system efficiency. It proposes an indirect identification 
method within a rotor flux-oriented coordinate system. Considering the 
limitations of traditional methods, a real-time parameter correction algorithm 
based on a mathematical model has been developed. Computer simulations 
conducted in the Matlab environment demonstrated high accuracy. The 
proposed approach ensures reliable and energy-efficient control of traction 
electric drives in locomotives.

Keywords: Asynchronous motor, parameter identification, vector control, mathematical 
modeling, real-time operation
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Аннотация: Настоящая статья посвящена вопросам идентификации параметров 

асинхронных тяговых электродвигателей, мониторинга их состояния в 
процессе эксплуатации и повышения эффективности систем векторного 
управления. В статье предложен метод косвенной идентификации в 
системе координат, ориентированной по вектору потокосцепления 
ротора. С учетом ограничений традиционных подходов разработан 
алгоритм коррекции параметров модели двигателя в реальном времени на 
основе математического моделирования. Компьютерное моделирование в 
среде Matlab показало высокую точность полученных результатов. 
Предложенный подход обеспечивает надежное и энергосберегающее 
управление тяговыми электроприводами локомотивов. 

Ключевые 
слова: 

Асинхронный двигатель, идентификация параметров, векторное 
управление, математическое моделирование, реальное время 

 
Introduction. In modern electric traction systems, asynchronous traction motors (ATMs) 

have become increasingly widespread due to their robust construction, relatively low cost, and 
high reliability under various operational conditions. The efficiency and precision of these motors, 
especially in high-performance railway applications, heavily depend on accurate real-time 
information about their internal parameters, such as stator and rotor resistances, reactance values, 
and magnetic coupling characteristics. [1–4]. 

However, these parameters are not constant; they vary significantly during operation due to 
thermal effects, load conditions, and aging. For vector-controlled drives — particularly those using 
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indirect rotor flux orientation — even small deviations in model parameters can lead to control 
errors, reduced performance, and potential instability. [5].  

Traditional methods for determining motor parameters often rely on offline measurements, 
invasive sensors, or temperature-based correction techniques, which can be impractical or 
imprecise in real-time applications. Therefore, there is a growing demand for robust and accurate 
identification algorithms that can dynamically adjust model parameters based on readily 
measurable quantities such as stator current, stator voltage, and shaft speed. 

This article presents a parameter identification approach for asynchronous traction motors 
based on the analysis of the stator current trajectory in response to PWM excitation. The method 
employs a mathematical model operating in parallel with the physical motor, iteratively correcting 
its parameters using the least squares method to minimize the difference between measured and 
simulated current vectors. The proposed algorithm was tested using Matlab simulations and 
demonstrated high accuracy and practical applicability for real-time embedded systems. 

In practical traction applications, especially in railway locomotives, asynchronous motors 
operate under rapidly changing loads and environmental conditions. As a result, maintaining 
control system stability and efficiency requires continuous adaptation of motor models used within 
the control algorithm. The indirect field-oriented control (IFOC) strategy is particularly sensitive 
to mismatches between actual motor parameters and their nominal values used in the model. This 
sensitivity is further exacerbated during low-speed operations or transient load conditions, where 
parameter drift significantly affects rotor flux estimation and torque accuracy. 

To address these challenges, the development of adaptive identification techniques that do 
not require additional hardware sensors has become a priority in traction drive research. Such 
techniques not only improve control robustness but also reduce system complexity, cost, and 
maintenance demands. The algorithm proposed in this study meets these requirements by relying 
solely on existing electrical measurements and employing an analytical model with algebraic 
formulations, enabling fast and reliable parameter tuning suitable for real-time digital 
implementation. 

Literature review. The identification of parameters in asynchronous traction motors 
(ATMs) has long been recognized as a critical component in achieving high-performance electric 
drive systems, particularly under vector control schemes. The accuracy of rotor flux estimation — 
a central element in indirect field-oriented control (IFOC) — depends heavily on correct motor 
parameters, such as stator resistance (Rs), rotor resistance (Rr), and leakage/reactance inductances 
(Ls, Lr). Due to thermal drift, magnetic saturation, and aging, these parameters can deviate 
significantly from their nominal values during operation, leading to degraded control accuracy and 
system instability. 

Initial approaches to parameter identification relied heavily on direct measurement 
techniques, including the use of Hall-effect sensors and flux coils embedded in the stator slots to 
directly estimate the rotor flux linkage [Holtz & Thimm, 1996]. While these techniques offered 
high accuracy, they were often impractical for industrial or traction applications due to cost, 
complexity, and the requirement for custom-designed motors. [6–8]. 

Model-based identification strategies emerged as a practical alternative. These methods 
utilize mathematical models of the motor, driven by measurable inputs such as stator voltage, 
current, and rotor speed. The voltage model uses stator voltage and current as inputs and performs 
well at high speeds, but suffers from sensitivity to noise and parameter mismatch. In contrast, the 
current model, which relies on rotor speed and stator current, performs better at low speeds but 
generally offers lower accuracy [Leonhard, 1998; Vas, 1990]..  

Collectively, these studies emphasize the importance of integrating non-destructive testing 
methods into a comprehensive structural health monitoring strategy. Such integration supports the 
development of advanced methodologies capable of assessing both static and dynamic effects on 
support units, ultimately ensuring safer and more efficient railway operations. 

Other research focused on recursive estimation techniques, such as Extended Kalman Filters 
(EKF) [Kim & Sul, 1999], which dynamically update parameter estimates by minimizing the error 
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between observed and predicted system behavior. Though effective under slowly varying 
conditions, these methods often require extensive computation and are less robust under rapidly 
changing load scenarios. 

Methods. Model-Based Parameter Identification Using Analytical Trajectory Fitting. 
Building upon existing model-based identification techniques, this study introduces an enhanced 
parameter identification algorithm for asynchronous traction motors (ATMs), designed for real-
time implementation without the need for additional sensors. The method leverages the stator 
current response to PWM excitation to iteratively tune a parallel-running analytical model of the 
motor. The approach prioritizes algebraic computation, symbolic differentiation, and numerical 
stability, making it suitable for embedded traction drive systems with limited computational 
capacity.. 

The proposed algorithm operates by comparing the measured stator current vector Is(k) with 
the stator current trajectory is(k) simulated from an analytical model. This model functions in real-
time using measured input signals: stator voltage, stator current, and mechanical shaft speed. The 
motor equations are formulated in the stator-fixed α,β coordinate system, and instead of solving 
differential equations numerically, closed-form algebraic solutions are derived through Laplace 
transformation and inverse fitting for each sampling interval. 

Each PWM excitation interval Δτ is treated as a quasi-static input window, where the voltage 
vector is assumed constant. The model then computes the expected stator current response, which 
is subsequently compared to the actual measured current to calculate the identification error. [9–
12]. 

To align the model's output with the physical system, the algorithm iteratively minimizes the 
squared error between the modeled and measured current vectors using the least squares method. 
At each iteration, a parameter vector X=[rs,rr,xs,xr,i(1)

r0,i(2)
r0 ] is updated based on the error vector 

and its Jacobian matrix. Unlike conventional gradient-descent methods, symbolic partial 
derivatives of the stator current with respect to each model parameter are computed using 
MATLAB’s symbolic computation toolbox. This enables exact sensitivity calculation and 
improves convergence reliability.. 

The update rule for the parameter vector is given by the Gauss-normal equation: 
xn+1=xn+Ku⋅(JTJ)−1pk 

where Ku<1 is a tuning gain, J is the Jacobian matrix of partial derivatives, and pk is the 
residual error vector. 

To prevent divergence and instability, the condition number of the Jacobian matrix is 
monitored during iterations. A condition number exceeding a predefined threshold (e.g., cond(J) 
> 200) is treated as a sign of ill-conditioning, prompting either parameter regularization or 
reduction in step size. This mechanism enhances robustness, particularly when working with large 
datasets or under low signal observability (e.g., low-speed operation). [13–15].  

The complete identification algorithm was implemented in MATLAB as an m-file, using 
stator voltage, current, and rotor speed data collected during a simulated PWM excitation cycle. 
The simulated asynchronous motor model operates under closed-loop vector control. In total, 450–
1000 sample points were used per identification cycle. The model was tested under parameter drift 
conditions to validate its adaptability.  [15–17]. 

Results and discussion. "In order to evaluate the effectiveness of the proposed algorithm, a 
computer-based simulation of the asynchronous traction motor parameter identification process 
was conducted." 

For the simulation studies, a model of the vector control system was used. During the 
simulation, phase currents, line voltages, and rotor shaft speed of the asynchronous traction motor 
were measured and recorded into a data file. The identification algorithm was implemented as an 
m-file in the MATLAB programming environment 

The current trajectories in Figures 1-3 illustrate the implementation of the parameter 
identification scheme. The real values of the stator current vector are plotted on the abscissa axis, 
and the imaginary values are plotted on the ordinate axis. The curves in Figure 3.3 show the initial 
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state before the identification process begins. The Is curve represents the trajectory of the motor 
stator current with PWM. Due to the large initial error in the initial rotor current, the stator current 
trajectory in Figure 1, produced by the is model, is completely different from the actual trajectory 
of the same value. Figure 2 shows the identification of only the initial value of the rotor current 
vector, iro. At the same time, the remaining parameters of the model are fixed at their initial 
(nominal) levels. Figure 3.3 shows the final result of stator current vector identification after 16 
identification cycles, based on the evaluation of 450 samples and identification of Rr, Rs from 
incorrect values of Rr=0.036 Ohm, Rs=0.035 Ohm to Rr=0.027 Ohm, Rs=0.028 Ohm. The exact 
value is Rr=0.026 Ohm, Rs=0.029 Ohm. In this case, the inductive reactances were equal to their 
nominal values. The calculation error was 4.3%. 

 

 
Fig. 1. Stator current vector trajectories at the beginning of the identification process 

 
 

 
Fig. 2 Trajectories of the stator current vector following identification of the initial rotor 

current vector 
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Fig.3 Trajectories of the stator current vector after 16 

identification cycles 
 
A sufficiently accurate alignment of trajectories has been achieved. The error percentage can 

be somewhat reduced by increasing the number of iterative cycles; however, even with an 
infinitely large number of cycles, it cannot be reduced to zero due to errors in computational 
procedures and data reading [18-19]. 

In this case, both approximate methods [20] and precise analytical methods for their 
determination are possible. The approximate method for determining partial derivatives is 
performed using the function increment method corresponding to the argument increment. This 
method involves calculating the stator and rotor currents for small variations in model parameters 
relative to a known value. The resulting difference in currents is then divided by the magnitude of 
variation. A similar approach is recommended by one of the most authoritative specialists in the 
field of object parameter identification and control systems, P. Eykhoff  [20]. 

Conclusion. To ensure high-quality control, it is necessary to continuously adjust the 
parameters of the ATD (Asynchronous Traction Drive) model used in the vector control algorithm 
with indirect orientation along the rotor flux linkage vector. Currently, correction is performed 
based on the results of measuring the temperature of the ATD stator windings using installed 
temperature sensors, calculating the rotor winding temperature, and subsequently correcting the 
active resistances of the ATD model, which is inconvenient.  

An indirect method for identifying ATD parameters using easily measurable drive 
parameters (voltage, stator current, and ATD rotor rotation frequency) has been proposed. Good 
accuracy of results (deviations not exceeding 5%) is achieved when the number of measurement 
points is about 1000. The method requires powerful computational resources of the processor and 
can be practically recommended when using an embedded processor of the TMS320LF2804 type 
with a computing speed of at least 150 million operations per second. For the same purpose, a 
higher-level computer can be used, which can receive data through a serial information 
transmission channel from the control processor of the converter with subsequent reverse 
transmission of the calculation results. 
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