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This research investigates the use of dynamic simulations approach for a 3-phase induction motor driven by a 6-pulse Voltage Source Inverter (6p-VSI). The objective of the study is to develop a simulation model of a three-phase inverter drive system using a 6-pulse Voltage Source Inverter to drive a three-phase induction motor under various load torque conditions. The simulation setup comprises a rectifier-inverter subsystem using six semiconductor switches, controlled by a pulse generator, and integrated with a braking chopper and voltage controller. A DC voltage source feeds the inverter, which converts it to an AC output used to power a 3-phase, 2238 VA induction motor rated at 220 V, 50 Hz. A Proportional-Integral controller is used to regulate DC link voltage while step changes in load torque are applied to the motor shaft to study system behavior. In the initial simulation stage, an acceleration ramp of 2000 rpm is applied, and the system reaches steady-state at 1.3 seconds. In the second stage, a dynamic torque load ranging from -11 N·m to +11 N·m is introduced between 3 and 4 seconds to simulate practical load variations. Simulation results demonstrate that the inverter system effectively handles transient responses and maintains motor stability with acceptable performance. These findings validate the potential of the 6p-VSI system in industrial applications requiring robust dynamic response.
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1. INTRODUCTION 

Modern industrial applications require an efficient motor drive system which is capable of adapting to dynamic operating conditions [1]. Such adaptability ensures reliability and minimizes downtime, which are critical in today’s competitive industries. One of the most widely used electric machines in industry is the three-phase induction motor [2]. However, one of the enduring challenges with induction motors is their need for effective speed and torque control, especially in applications involving varying loads [3]. The authors in [4] highlighted that the power inverter represents a modern solution to the generic energy conversion problem due to the fact that it employs the use of power semiconductor devices for efficient energy conversion.
The interesting benefit lies in the applications in real world power products such as solar conversion, portable energy conversion and more importantly, motor drives [5]. Inverter technology has been described as a converter that changes direct current power at a particular frequency to alternating current at another frequency using solid-state electronics [6]. A voltage source inverter is a device which converts unidirectional voltage waveform into a bidirectional voltage waveform, in other words, it is a converter that converts its voltage from DC form to AC form [7].
Voltage source inverters play a crucial role in enabling precise control of induction motors due to their ability to convert a fixed DC input into a variable AC output with controllable frequency and voltage, thereby allowing seamless motor speed regulation [8]. Studies such as [9] and [10] have shown that while VSIs improve controllability, the mode of operation of a six-pulse VSI (6p-VSI) when subjected to variable load conditions can be complex. The authors in [11] further explained that this complexity increases with dynamic torque variations, requiring deeper simulation-based investigations.
In this research, the 6p-VSI is investigated and simulation studies are performed to gain insight into its operational features as applicable to the control of 3-phase induction motor. [12]. Modeling and simulation are effective for evaluating system response under real-world operating scenarios [13]. This study simulates the inverter-motor system to evaluate its response, focusing on how the system responds to step changes in mechanical load torque. The goal is to provide insights into the viability of the 6p-VSI for dynamic applications and to highlight areas where more advanced control strategies could yield performance improvements [14].

2. material and methods 

In this paper, the focus is on simulating the behavior of a 6-pulse Voltage Source Inverter used to drive a three-phase induction motor under variable torque conditions. The MATLAB/Simulink simulation environment was used to model, implement, and analyze the inverter-motor drive system.
To simulate practical operating conditions, a variable mechanical load torque ranging from -11 N·m to +11 N·m was applied to the shaft of the induction motor. The simulation is divided into two key phases:
i) Acceleration Phase: A linear ramp-up of 2000 rpm is applied at time t= 0 to simulate motor start-up behavior. The system reaches steady-state at approximately t=1.3 
ii) Load Disturbance Phase: Between t = 3s and t = 4s t = 4, the load torque is varied dynamically between -11 N·m and +11 N·m to observe transient response characteristics. After 4 seconds, the load is removed to evaluate the recovery capability of the system.

2.1 Model Expressions for 6-pulse Voltage Source Inverter (6p-VSI)
A Voltage Source Inverter is a type of power electronic device that converts a fixed DC voltage into a variable AC voltage with controllable frequency and amplitude. 
The working principle of a voltage source inverter revolves around the utilization of semiconductor switching devices to modulate the DC input voltage into a controlled AC output. The process begins with the DC power source supplying a continuous voltage. This voltage is then manipulated through the controlled switching of the IGBTs, creating a pulse-width-modulated (PWM) signal that approximates a sinusoidal AC waveform. This PWM signal is subsequently filtered to achieve a smooth and continuous AC output. 

A 6-pulse voltage source inverter which is also known as a 6-step VSI is a power converter that converts a DC voltage into a three phase AC voltage by using six semiconductor switches in a specific switching sequence. This sequence creates a six-step waveform, which, when filtered, produces a near-sinusoidal AC output.  It operates by sequentially switching on and off these semiconductor switches in order to create a three-phase voltage waveform, thereby inverting the DC source into AC effectively. The 6-pulse designation comes from the six switching operations per cycle.  The inverter's output voltage and frequency are controlled by the switching patterns and the DC voltage source. It includes the following core components: A Voltage Controller (VC), Pulse generator (PG), Bridge firing circuit (BFC), DC Rectifier (DCR), Braking Chopper (BC) and a Three-phase inverter (3p-INV).

The 6p-VSI synchronous pulse generator, at a firing commutation angle of 0o, the average voltage is expressed as [1]:


						(1)
When the firing angle changes, average voltage is expressed as:


					(2)

where,


 = RMS line-to-line source voltage

 = firing angle
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                     Figure 1 shows the block diagram of a voltage source inverter connected to a three-phase load. 


2.2 Three-phase Induction Motor Drive
The circuitry for a 6p-VSI 3-phase induction motor drive is as shown in Figure 2. 
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    Figure 2: 6p-VSI Drive Subsystem with 3-phase Induction Motor 

[bookmark: _Hlk199899097]The circuitry represents subsystems model of an inverter drive comprising the aforementioned 6p-VSI components. Specifically, the Voltage Controller ensures stable operation of the system by regulating the DC voltage fed to the BC component via a BFC and a three-phase thyristor based DCR. It achieves this by using a Proportional-Integral controller that increases or decreases the firing angle of the thyristors. The Bridge Firing Circuit acts as an intermediary between the controller and the rectifier, transmitting firing pulses that initiate conduction in the thyristors at precise intervals. The PG furnishes the pulse modulated signals that feeds to the gate circuit terminal of the 3p-INV which h is in turn driven by the BC.

During regenerative braking, the motor acts as a generator, feeding energy back into the DC link. To prevent overvoltage and potential damage to the drive components, the braking chopper dissipates this excess energy as heat through a resistive network. the integrated subsystems enable the 6p-VSI drive to respond effectively to transient events such as step changes in mechanical load torque. By continuously regulating the DC voltage and modulating inverter switching, the system achieves precise control of motor speed and torque. 




2.3 Related Studies
Dynamic simulation experiments involving the 6p-VSI for 3-phase induction motor drives is still an active area of research as the need to ensure highly efficient power systems products and hence reduce power losses is becoming a core priority. The authors in [15] used Lab-view to practically evaluate the performance of inverter motor drives used in solar powered rural water supply application in Cameroon. In [16], inverter motor drives were developed for induction motor submersible pump applications. A prototype model design of solar cell pumping systems with induction motors was proposed in [17], applying the same idea as proposed in [16]. In [18], the authors proposed the low-frequency switching Current Source Converter (CSC) fed Permanent Magnet Synchronous Motor (PMSM) drive and applied it to the simulation of electrical submersible pumps, introducing a Dynamic Capacitor Voltage (DVC) control scheme to overcome a limited-updates-per-fundamental-frequency problem. The authors in [19] proposed the dynamic modeling of a water pumping system comprising a VSI drive and a three-phase induction motor, simulated using MATLAB. Other applications employing multi-pulse driven induction motor inverter drives can also be found in [20–22].

3. results and discussion

The experiments considering dynamic simulation of 6p-VSI for 3-phase induction motor drives are conducted using the MATLAB/SIMULINK software development and emulation environment. The results obtained from the dynamic simulation of the six-pulse Voltage Source Inverter (6p-VSI) driving a three-phase induction motor are presented and discussed in detail in this section. After the simulation two major events were observed: the motor start-up or acceleration phase from 0 to approximately 1.3 seconds, and a dynamic load disturbance phase between 3 and 4 seconds. After 4 seconds, the applied load torque was removed to study the recovery response of the inverter–motor system. The results reveal significant insights into the dynamic behavior, efficiency, and robustness of the 6p-VSI, particularly in how it responds to transient events, load variations, and harmonic content.
During the acceleration phase, the induction motor exhibited a steady increase in speed following the applied linear ramp of 2000 rpm, reaching its steady-state speed at around 1.3 seconds. This behavior is consistent with theoretical expectations of motor dynamics, where acceleration is governed by the balance between electromagnetic torque, inertia, and mechanical losses. The line currents drawn by the motor in this phase displayed the characteristic inrush associated with induction motor start-up, reflecting both the magnetizing current and the torque-producing current component.  The presence of the Proportional-Integral controller on the DC link voltage ensured that voltage regulation remained stable, preventing overshoots and contributing to a controlled acceleration process.
Once the motor reached steady-state operation between 1.3 and 3 seconds, the system performance highlighted the ability of the 6p-VSI to sustain stable motor speed under constant load conditions. The motor speed remained constant at its reference value, validating the inverter’s capacity to provide steady AC voltage and frequency output. The motor currents correspondingly assumed a quasi-sinusoidal form, with the distortion resulting in torque ripple that, while modest, was still evident in the electromagnetic torque profile. Torque ripple is a significant observation because it directly influences mechanical stresses on the shaft and may result in vibration or reduced machine life, particularly in applications requiring high precision or continuous smooth torque. In less demanding applications, such as pumps, fans, and conveyors, the level of ripple observed may be tolerable, but for applications in robotics or precision manufacturing, this could be a limitation. Nevertheless, the steady-state analysis demonstrates that for medium-power drives, the 6p-VSI provides acceptable stability, especially in cost-sensitive contexts where simplicity and ease of implementation are valued over advanced harmonic suppression.
The dynamic load disturbance phase between 3 and 4 seconds was particularly insightful for assessing the inverter–motor system’s robustness to transient operating conditions. When subjected to variable torque loads ranging from –11 N·m to +11 N·m, the motor speed experienced small deviations but maintained overall stability. The inverter responded by adjusting current and torque production to match the fluctuating demands, demonstrating effective disturbance rejection capability. Positive torque values led to a proportional increase in electromagnetic torque and current amplitude, while negative torque values briefly drove the system into regenerative braking mode. In these instances, the motor operated as a generator, feeding energy back into the DC link. The introduction of fluctuating torque loads also revealed that harmonic distortion in the current waveform increased during transient conditions. The rapid torque swings interacting with the six-step output voltage resulted in higher harmonic content, which in practice would contribute to additional copper losses, mechanical noise, and heating.  After the removal of the disturbance at 4 seconds, the system quickly recovered to its pre-disturbance steady state. The motor speed returned to approximately 2000 rpm without prolonged oscillations or overshoot, and the current levels normalized accordingly. The rapid recovery of the inverter–motor system underscores its reliability in industrial settings where motors frequently experience intermittent or fluctuating loads. This ability to restore steady operation after disturbances without requiring advanced control strategies confirms the practical applicability of the 6p-VSI for general-purpose drives, particularly in manufacturing and process industries where occasional load variations are inevitable.
Comparing the findings of this study with those reported in related literature highlights both the strengths and weaknesses of the six-pulse VSI. When contrasted with PWM-based inverters, the six-pulse inverter clearly exhibits greater simplicity and lower cost. While PWM inverters deliver smoother performance and greater efficiency, their requirement for high-frequency switching increases both design complexity and cost. The results of this simulation confirm that inverter-driven induction motors can adequately handle dynamic loads. However, the presence of torque ripple in the six-pulse VSI configuration may accelerate mechanical wear in pumps compared to smoother drives.
The results of this study demonstrate that the six-pulse voltage source inverter can reliably drive a three-phase induction motor under both steady-state and dynamic conditions, providing acceptable performance in terms of speed regulation and stability. 
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                     Figure 3: Dynamic Systems Model of the 6p-VSI for 3-phase induction motor


Table 1.	Core 6p PG Parameters

	Parameter Name 
	Value
	Unit

	Motor pole pairs
DC Positive Voltage Deviation DC Negative Voltage Deviation
	2
20
20
	-
V
V

	Deceleration

	-2000
	rpm/s


	Acceleration 
	2000
	rpm/s

	Maximum output frequency
	120
	Hz

	Maximum bus voltage
	280
	V 

	Volts/Hertz ratio
	5
	V/Hz




Table 2.	Core VSI Parameters

	Parameter Name 
	Value
	Unit

	Snubber Resistance 
IGBT/Diode on Resistance 
Forward Voltage
	1000
150.0
1.7
	Ω 
Ω 
V

	
	
	




Table 3.	Core 3p- Induction Motor Parameters

	Parameter Name 
	Value
	Unit

	Nominal Power 
Nominal line-line Voltage 
Frequency
	2238
220.0
50
	VA
V
Hz

	Stator Resistance 
	0.435
	Ω 

	Stator Inductance 
	0.002
	H

	Mutual Inductance
	68.31
	mH

	Motor Inertia
	0.089
	kgm2 

	Friction Factor
	0.005
	N.m.s

	Pole Pairs
	2
	-





The 6p-VSI system in Figure 4 is powered by a three-phase power source at 220V 50Hz, with reference load and speed torque provided. Simulations are performed at a range between 0 and 6s and the results reported.

The results using the simulation model and considering motor stepping load torque ranging between -11N.m to +11N.m is as shown in Figure 4. 
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 		Figure 4: Simulation Results

The results indicated in Figure 4 shows that the motor will reach a steady state at t = 1.3s. This follows from an acceleration ramp of 2000rpm. 
Furthermore, between t= 3s and t = 4s, the shaft of the induction motor ramps between -11N.m to +11N.m. After 4s, the load torque is completely removed. 

4. Conclusion

The research on the simulation of 6p-VSI for 3-phase induction motor drives are conducted using the MATLAB/SIMULINK software development and emulation environment.
In this research, the simulation of 6p-VSI is conducted taken into account the impact of a finite load torque range and studying the impact on the shaft motor torque at various instant of time.
In future, further research may explore the integration of advanced intelligent control schemes such as fuzzy logic controllers, microprocessor and artificial neural networks for enhancing the 6p-VSI performance during excessive torque loading.
Also, the use of artificial neural networks will be a useful option as this can replace excessive modeling and hardware requirements with a simple but intelligent 6p-VSI model.
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