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Abstract: Induction motor drives (IMDs) can achieve high performance levels comparable to dc motor drives. A major problem in getting high dynamic performance in an IMD is the coupling between the flux and torque producing components of stator current. This is successfully overcome in FOC (Field-Oriented Control) IM, making it to the industry standard control. The performance of an IMD with an improved power quality converter at the front end is presented in this study. In the IMD, boost converter is employed to reduce power quality difficulties at the utility interface. As the boost converter contains only one switch, it results in a low processing time and cost. To ensure sinusoidal supply currents with high PF (Power Factor) and minimal THD (Total Harmonic Distortion), a novel PFC (Power Factor Corrector) control technique is proposed. To enhance the performance of the converter and to lower distortions at the motor side, PI (Proportional Integral) controller is incorporated at the PFC side. Thus it controls the DC bus voltage. The proposed boost converter improves power quality by lowering overall harmonic distortion of AC mains current, improving power factor correction, and regulating dc-link voltage. It is designed, modelled, and simulated in the MATLAB/simulink platform. Using a DSP (Digital Signal Processor), the suggested system’s performance is experimentally validated. The system’s performance is evaluated for speed and load torque, and the power quality indices are determined to meet IEEE-519 standards under all operating conditions. From the obtained results, it is evident that the proposed system mitigates the power quality issues effectively.
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1  Introduction

IMs (Induction Motor) are widely utilized in many industrial processes because of its higher efficiency. IM drives utilizes 3ϕ uncontrolled rectifier unit for AC to DC conversion. This rectifier circuits in turn injects harmonics into the system. As a result of this, distortions occur at the output current and PF gets reduced. To avoid such condition, capacitors are being utilized. In this, aluminium based electrolytic capacitors are used. A survey report over the electrolytic capacitors states that these types of capacitors are the main reason for breakdown of inverter. So, instead of electrolytic capacitor, film capacitor came into existence. This type of capacitor can reduce the system volume. It also improves the reliability of the system. However the implementation of this type of DC link capacitor can also exhibit unbalanced condition, when it is connected with VFD (Variable Frequency Drive). This unbalanced condition can create distortion in the output current and the system becomes unstable one [1].

Another technique to overcome this problem is the implementation of PFC circuits. The traditional PFC converter implements a switched power converter between the rectifier and output [2–5]. Kamnarn et al. (2009) formulated a modular converter as a power factor collector [6]. The results obtained proven that the proposed controller exhibits simple control strategy and enhanced fast transient response. Bhuvaneshwari et al. (2012) presented a 3 phase, 2 switch PFC rectifiers for IM drive [7]. In this work, both unity PF and DC link voltage regulation are achieved using these rectifier switches. A bridgeless SEPIC controlled rectifier for IM is implemented to obtain unity PF. But it is suited for low power motors only. While implementing converter at the front-end side, voltage stress over the converter increases [8–13]. Hence, to relieve the voltage stress of the boost converter utilized in power supply unit, a new topology s proposed by Beak et al. 2014. This results in increased size of converter unit [14]. Eventhough numerous converters are employed at the front end side to suppress the input oscillations, flyback converter has been widely utilized in commercial applications. But the major limitation of implementation of fly back converter is the magnetic energy in a coupled circuit. Based on the type of magnetic material, the energy transfer will vary [15–18]. Hence, this work designed a Boost converter as a front-end converter for IM drive system. Compact in size and low cost characteristics make the implementation of boost converter as a choice of this application. Thus, to improve the dynamic performance of the controller, controllers has to be implemented [19]. Chiang et al. (2016) introduced a control topology for PFC converters which can be widely implemented as AFC (Automatic Frequency Control) in many power supplies [20]. In general, the control of a PFC rectifier necessitates at least three sensors [21,22] and hence results in higher cost. Thus, to overcome this situation, the proposed topology utilises converter and maintains the stability of the system.

Thus, the contributions proposed by this work is presented below
1.    Design of three-phase PFC for VSI (Voltage Source Inverter) fed IM drive using a boost converter.

2.    Proposes a control technique at the input side and as well on the motor with a minimized THD.

3.    Presents the effectiveness of the proposed topology over power quality issues.

2  Methodology

Fig. 1 depicts a schematic diagram of the proposed design. It comprises two stages namely,

(I) AC-DC PFC power supply

(II) IM motor drive.
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Figure 1: Schematic diagram of the proposed design

In this, the PFC unit offers ripple free and stable power supply to the IM. Each stage is explained in detail below.

2.1 Power Supply with PFC

The main objective of the AC/DC PFC power supply is to deliver a stable DC supply to the VSI and powers the IM. This stage comprises 3 phase AC voltage, rectifier unit and converter section as shown in Fig. 1. Full wave Diode bridge rectifier is implanted for AC/DC conversion. Conventional Boost DC/DC Converter with PI controller is incorporated to provide supply to IM. The schematic diagram of the proposed converter is depicted in Fig. 2.
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Figure 2: Proposed boost converter

Operation of the converter

Mode-1:

During Mode 1, Switch ‘S’ remains ON and it is shown in Fig. 3a. The voltage across the inductor VL is equal to Vin [23,24].


Vin=VL
(1)

This can be represented as


Vin=LdiLdt
(2)

Thus, the current across the inductor is about


ΔI=VinLΔt
(3)


Imax−Imin=VinLDT
(4)
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Figure 3: (a) Mode 1 (b) Mode 2 (c) Timing diagram of the proposed converter

Mode-2:

The Switch remains in OFF condition as shown in Fig. 3b. Fig. 3c depicts the timing diagram of the proposed converter.

Under this condition, Vin is about


Vin=vL+vC
(5)


Vin=LdiLdt+Vout
(6)


ΔI=Vin−VoutLΔt
(7)


imax−imin=Vin−VoutL(1−D)T
(8)

The Eq. (4) and eq. (8) gives


−VinVDT=Vin−VoutL(1−D)T
(9)

And the hence the output voltage in terms of duty cycle can be represented as


Vout=Vin1−D
(10)

Tab. 1 presents the design inputs used in this converter.
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2.2 DC-DC Control Loop

The main aim of the control loop is regulation of dc link voltage. The schematic diagram of a control loop is depicted in Fig. 4a. This control loop controls the output dc voltage. The PI controller acts as controller. The output from the controller activates the PWM (Pulse Width Modulation) signal of the converter.
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Figure 4: (a) Closed loop control (b) Structure of the PI controller

The standard format of the proposed PI controller depicted below.


ControllerOutput=Kpe+Ki∫0t⁡edt
(11)

where

e - Error

Kp - Proportional gain

Ki - Integration gain

The structure of the PI controller is projected in Fig. 4b.

2.3 Voltage Source Inverter

The output obtained from the converter drives the IM through VSI [25–27]. A Conventional three phase VSI is implemented in this work.

2.4 Control of IM Drive

Fig. 5 shows the control of three-phase IM. The speed control over IM is carried out using PI controller. Based on the Gain values G1 and G2, PWM signal is generated for six pulse VSI [28,29]. Here SPWM(Sinusoidal Pulse Width Modulation) topology is utilised for pulse generation.
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Figure 5: Gate control approach applied to VSI

3  Performance Validation

The effectiveness of the proposed converter was evaluated using MATLAB simulation software. Thus, the performance of the proposed system can be analyzed as follows

3.1 Input Characteristics

Fig. 6 presents a steady state waveforms of the converter. The input voltage obtained from the supply is shown. Fig. 7 presents the output obtained from the converter.
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Figure 6: Input voltage of the system (pu)
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Figure 7: Output of the proposed boost converter

Initially, the capacitor starts charges from zero. When the output voltage of the converter becomes stable (300 V), the motor reaches its steady state condition. As a result the current also remains constant at steady state condition.

3.2 Output Characteristics

Fig. 8 presents the motor stator currents and torque. The motor speed and torque ramp up and reach steady state as seen in the Fig. 8a. Similarly, the output voltage and modulation index of the inverter is depicted in Fig. 8b.
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Figure 8: (a) Characteristics of the motor (b) Output of the inverter and modulation index

3.3 Experimental Results

Thus, to examine the effectiveness of the proposed converter, a prototype model of 3Φ phase IM with full-load torque (7 N.m) is considered and its reference speed is set about 120 rad/sec. Fig. 9 depicts the picture of prototype of proposed converter and its block diagram. The gate pulse given to the switch is generated using dspace board.
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Figure 9: (a) Prototype model of the proposed system (b) Block diagram of the experimental setup

Three-phase supply currents are depicted in Fig. 10. From the Fig. 10, it is clearly observed that the supply currents are nearly sinusoidal and hence, PF is high. DC bus voltage and motor speed are shown in Fig. 11. These values remain same as the reference value.
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Figure 10: Supply current
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Figure 11: DC bus voltage and motor speed

Tab. 2 shows a comparison analysis with the existing techniques [7,13]. The proposed technique provides cost effective solution and it offers lower THD than the other state of arts. Hence it is concluded that the proposed topology exhibits better performance over power quality issues of adjustable speed drives.
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From the obtained results obtained, it is observed that the proposed technique enriches the PF along with the harmonics reduction. Thus, it proves the efficiency of the proposed topology.

4  Conclusion

A new three-phase PFC for IM drive is modelled and analysed in this work. A PI-controlled boost converter works as a PFC in the proposed system. To deliver power to IM, a traditional VSI is utilized. To regulate the speed of the motor on the inverter side, a PI controller is used. The SPWM topology is specifically designed for the VSI. The suggested system’s performance is verified using simulation and an experimental setting. As a result, the suggested system has a low THD (1.05%) in the supply current, a high input PF about 0.9997 and is simple to construct. In the future, this might be coupled with IoT based controls to provide autonomous control.
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Table 1: Design parameter of a converter

Parameter Values

Switching frequency 50 kHz
Duty cycle 0.5 to 0.75
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Table 2: Comparison analysis

Parameters Isolated SEPIC PFC [13] Three modules Cuk converter [7] Proposed PFC
technique
THD % 4.03 2.68 1.05

Power factor 0.9987 0.9996 0.9997
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