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Abstract: This paper involves the application and simulation of Direct Torque Control (DTC) for Permanent Magnet Synchronous
Motors (PMSM) using MATLAB. DTC is a robust control strategy known for its capacity to achieve precise control of torque and
flux in PMSMs without the need for a complex mathematical model. The primary aims of this investigation are to create a DTC
algorithm, conduct simulations using MATLAB, and assess its efficacy in managing PMSM. The research commences with the
development of a comprehensive mathematical model for the PMSM, encompassing its electrical and mechanical characteristics.
Following that, the DTC algorithm is integrated into the MATLAB environment, enabling real-time control and monitoring. The
fundamental principles of the algorithm entail directly governing motor torque and flux by selecting suitable voltage vectors for the
inverter based on error calculations
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1.INTRODUCTION

Permanent Magnet Synchronous Motors (PMSMs) are brushless and have very high reliability and efficiency. Due to their
permanent magnet rotor, they also have higher torque with smaller frame size and no rotor current, all of which are advantages over
AC Induction Motors (AICMs). With their high power-to-size ratio, PMSMs can help make your design smaller without the loss
of torque. Permanent magnet synchronous motors (PMSM) are typically used for high-performance and high-efficiency motor
drives. High-performance motor control is characterized by smooth and accurate rotation over the entire speed range of the motor.
we offer a comprehensive ecosystem to help you develop advanced PMSM control solutions like sensor-less Field-Oriented Control
(FOC) and Direct torque control (DTC) and many other Robust control strategies like sliding mode control and Adaptive sliding
mode control. So, permanent magnet synchronous machines have been widely applied in industries due to their advantages they
provide. Every control strategy has its own importance. Field-oriented control decouples the air gap-flux and torque channels in the
drive system which helps in controlling the PMSM motor. In FOC the instantaneous position of voltage, current and flux space
vectors are controlled, ideally giving correct orientation both in steady state and during transients. FOC makes the control accurate
in every working operation. The principle of Direct torque control (DTC) is to directly select voltage vectors according to the
difference between reference and actual value of torque and flux linkage. Torque and Flux errors are compared in hysteresis
comparators. Depending on the comparators a voltage vector is selected from a table. Advantages of DTC are low complexity and
that it only need to use of one motor parameter, the stator resistance. No pulse width modulation is needed; instead of six VSI
voltage vectors is applied during whole sampling period. All calculations are done in a stationary reference frame which doesn’t
involve the explicit knowledge of rotor position. The DTC requires less computational power when implemented digitally.

2.Direct Torque Control

[1-15] The Direct Torque Control (DTC) method involves directly managing motor flux and torque, distinguishing it from vector
control techniques. DTC dispenses with the need for field orientation, vector transformation, or current control. This simplifies the
process by removing complex rotational coordinate transformations, which remain largely unaffected by variations in motor
parameters. [15-20] It provides a straightforward calculation procedure, swift torque response, and outstanding dynamic
performance [1]. In applications with stringent performance requirements, the use of a robust and reliable control method is
imperative. Direct torque control (DTC) has generated considerable interest ever since its initial implementation in PMSM drives.
This is owing to its rapid dynamic response, resilience to rotor parameter fluctuations, and inherent sensor less capability [2]. It
achieves these control characteristics by directly manipulating the voltage vector applied to the machine's windings through a pulse
selector. Direct Torque Control (DTC) of Permanent Magnet Synchronous Motors (PMSM) offers numerous advantages in the
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realm of electric motor control. Firstly, it provides exceptionally fast and precise control over motor torque and flux, making it ideal
for applications demanding dynamic responsiveness, like robotics and electric vehicles. Additionally, PMSMs inherently possess a
high torque-to-inertia ratio, a characteristic further amplified by DTC, leading to superior torque density, vital in scenarios requiring
rapid acceleration and deceleration. DTC's ability to minimize torque ripple ensures smoother and quieter motor operation,
beneficial in noise-sensitive applications such as electric vehicles and household appliances. Furthermore, it can be implemented in
sensor less configurations, eliminating the need for position or speed sensors and reducing system complexity. DTC's robustness to
parameter variations is advantageous in scenarios where motor conditions change over time. Its simple implementation, relatively
low control bandwidth requirements, and potential for fault tolerance contribute to its appeal. DTC also supports energy-efficient
motor operation and finds utility in a wide array of applications, including industrial automation, electric vehicles, and renewable
energy systems, owing to its versatility and adaptability. However, it's essential to consider factors like increased switching
frequency and electromagnetic interference when choosing DTC for specific applications.
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Figure 1 : Simulation Diagram of Direct Torque Control

3. RESULTS

Figure 2 : current response curve Figure 3 : control voltage response curve
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Figure 5 : Speed response curve Figure 6 : Torque response curve

The findings indicate that when subjected to identical load conditions, Direct Torque Control exhibits faster and more stable current
responses and speed control in comparison to the integer order controller. However, the fractional order controller demonstrates
superior performance in scenarios involving load variations or disturbances. The fractional order control exhibits greater
adaptability and recovery capabilities, resulting in minimal speed fluctuation when the load undergoes changes.

4,CONCLUSION

Direct torque control (DTC) for permanent magnet synchronous motors (PMSMs) is a promising technique due to its good dynamic
torque response and low complexity. It controls the torque and flux of the PMSM directly, enabling operation over a wide speed
range, from zero to rated speed. Additionally, DTC does not require any sensors, reducing system cost and complexity. Its fast torque
response, wide speed range, and sensor less operation make DTC suitable for many real-life applications, such as electric vehicles
and aircraft engines. DTC is a versatile and useful technique for controlling PMSMs.
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