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Abstract: This project “comparison analysis of ZETA PFC converter to improve power quality improvement by 

PI Controller, Hysteresis controller and Fuzzy logic controller for speed control of a Induction Motor”is 

composed of anisolated ZETA converter is proposed as a power factor correction (PFC) converter with DC link 

voltage control for speed control of a Induction Motor (IM).Induction motor has got the volatility of wide range 

of speed control.Power electronic converters canenvisage dynamic speed control. The front end rectifier and dc 

to dc converter can be monitored to facilitate requisiteinput voltage to the inverter fed drive working at constant 

speed. A single phase supply followed by an uncontrolledbridge rectifier and a Zeta DC-DC converter is used to 

control the voltage of a DC link capacitor which is lying between the Zeta converter and a Voltage Source 

Inverter (VSI). Speed control is achieved by maintaining constant dclink voltage. In this drive, speed is 

controlled by adjusting the DC link voltage of the VSI feeding induction motor.VSI operates in a low frequency 

switching mode for reduced switching losses. The voltage source inverter (VSI) is used as a stator supply of 

Induction Motor. The proposed converter performs the PFC action and DC link voltage control in single stage 

using only one controller. The current multiplier approach with average current control is used for operation of 

the isolated ZETA converter in continuous conduction mode (CCM). A rate limiter in the reference DC link 

voltage is designed for the control of current and torque in Induction Motor. The designed PFC converter 

results in an improved power quality at AC mains in a wide range of speed control and input AC voltage. 
 

I. Introduction 

Variable frequency drives are increasingly more hired in business and traction functions. The masses 

connected are constantly various disturbing speed control over wide variety..Induction motor is referred as 

„work horse‟ of enterprise because of its extensive type of applications in industry. Be it home applications or 

enterprise, motion manipulate is required anywhere. A device that uses electric automobiles is known as an 

electrical force. In electrical drives, use of numerous sensors and manage algorithms is performed to manipulate 

the speed of the motor the use of suitable speed manage techniques. Induction motors are the most broadly used 

cars for appliances, industrial manage, and automation, therefore, they're regularly called the workhorse of the 

motion industry. [1] They're strong, dependable, and sturdy. Whilst energy is supplied to an induction motor at 

the elective specs, it runs at its rated speed. but, many packages want variable speed operations power system 

face lot of power exceptional issues like harmonics, the complex dynamics of ac machines, gadget parameter 

version, and the difficulties of processing remarks alerts within the presences of harmonics negative power 

thing, noise, negative starting situations and so on. Strength electronic converters are hired to improve the first-rate of 

electricity furnished to the pressure systems. Induction motor when fed with the aid of an out of control bridge rectifier with 

DC hyperlink capacitor effects in relatively distorted deliver cutting-edge which ends up in low PF (strength element) and 

high general Harmonic Distortion (THD), hence diverse stepped forward energy fine AC-DC converters are used in these 

force  level percent converters are widely in practice wherein first stage is used for the electricity thing correction that is 

preferably a lift converter and 2d level for voltage law which can be any converter topology depending upon the 

requirement. Conventionally modern multiplier approach is employed in continuous Conduction Mode (CCM), a voltage 

follower require simplest single sensor for voltage law. The sensing gadgets provide position feedback for 

adjusting frequency and amplitude of stator voltage reference well to keep rotation of the magnet assembly. The 

scheme discussed in this paper maintains excessive power factor and low THD of the AC source modern-day 

whilst controlling rotor velocity equal to the set reference velocity. A voltage follower method is used for the 

manage of ZETA DC-DC converter operation. The DC link voltage is controlled by way of a single voltage 

sensor. Sensed DC hyperlink voltage (Vdc ) is as compared with reference link voltage(Vdc*) to generate an 

errors signal that's the difference of Vdc* and Vdc. The mistake signal is given to a PI (Proportional crucial) 

controller to present a controlled output. In the end, the managedoutput is compared with the excessive 

frequency noticed enamel sign to generate PWM (Pulse Width Modulation) pulse for the MOSFET of the ZETA 

converter. A charge limiter is used to limit the stator modern-day at some stage in step exchange in speed. [2]. 
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II. Volts Per Hertz Control Of Induction Motor 
Synchronous speed can be controlled by way of varying the supply frequency. Voltage brought about in the 

stator is given in (1) 

E1α∅𝑓 (1) 

where∅ is flux and f is frequency. On neglecting the stator voltage drop then terminal voltage is given as 

V1∝ ∅𝑓(2) 

as a result decreasing the frequency without changing the deliver voltage will cause an boom inside the 

air-gap flux that isundesirable. As a result on every occasion frequency is numerous to be able to manage 

velocity, the terminal voltage is likewise varied so one canhold the 𝑉/𝑓ratio constant. by retaining a steady 𝑉/
𝑓ratio, the maximum torque of the motor will becomeconsistent for changing speed. As may be visible, while 

𝑉/𝑓manage is carried out, for numerous frequencies in therunning place, the maximum torque stays the same as 

the rate varies. for this reason, maintaining the 𝑉/𝑓ratio steadyhelps us to maintain a steady most torque whilst 

controlling the rate as consistent with our requirement. Volts per hertzmanage may be carried out in two 

methods, they're described underneath. 

 

Linecurrent 
The  input  current  increases  linearly according the followingequation: 

𝑖𝑖𝑛  𝑡 =
𝑉𝑝 sin ⁡(𝑤𝑡 )

𝐿
𝑡             (4) 

 

If weconsider  an input  filter  to eliminate  the  high frequencyharmonics,thus: 

𝑖𝑖𝑛  𝑡 =
𝑉𝑝 ∙𝐷

𝐿∙𝑓𝑠
sin⁡(𝑤𝑡)  (5) 

 

So,theinputcurrentisasinusoidal  curvewithunitypower factor. 

Outputcharacteristic(G)  

G= 
𝑉𝑂

𝑉𝑃
=

𝐷

2
 

𝑅𝑂

𝐿∙𝑓𝑠
  

a) Open loop v/f control 

The open loop V/F control of an induction motor is the most common approach of speed manage due 

to its simplicityand those types of automobiles are extensively used in enterprise. Historically, induction 

vehicles have been used with open loop, 50Hz strength materials for regular velocity programs [3].For 

adjustable speed power packages, frequency control is natural. But, voltage is required to be proportional to 

frequency so that the stator flux stays regular if the stator resistance is left out. The power circuit consists of a 

diode rectifier with a single or 3-phase ac supply, filter out and PWM voltage-fed inverter. Ideally no comments 

indicators are required for this manage scheme. The PWM converter is merged with the inverter block.[4] Block 

diagram of open loop manage is proven in fig 1 

 
Fig 1: Block diagram of open loop v/f control of induction motor 

 

The speed of the motor cannot be managed precisely, due to the fact the rotor speed will be slightly 

much less than thesynchronous speed and that in this scheme the stator frequency and hence the synchronous 

speed is the handiest manage variable. The slip velocity, being the distinction among the synchronous speed and 

the electric rotor speed, cannot be maintained, because the rotor velocity is not measured on this scheme. This 

will lead to operation in the volatile location of the torque-speed characteristics.[5] The effect of the above could 

make the stator currents exceed the rated modern-day by a huge quantity therefore endangering the inverter 

converter mixture. 
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(b) Closed Loop v/f system  

The demerits of open loop are to be suppress via having an outer loop inside the induction motor force, 

in which the actual rotor speed is as compared with its commanded fee, and the mistake is processed via a 

controller typically a PI controller and a limiter is used to achieve the slip-speed command [6] .A speed sensor 

or a shaft role encoder is used to acquire the real speed of the motor. It‟s miles then as compared to a reference 

velocity. The distinction between the two generates an error and the error so received is processed in a 

Proportional controller and its output sets the inverter frequency. The synchronous velocity, received by way of 

including real speed and the slip speed determines the inverter frequency. The reference sign for the closed-loop 

manipulate of the machine terminal voltage. Block diagram of closed loop manage is given in fig.2. In regular 

𝑉/𝑓 manipulate, by using use of rectifier and PWM inverter, we will range the deliver voltage in addition to the 

supply frequency such that the ratio remains constant so that the flux remains steady too. So we will get 

exclusive working sector for various speeds and torques and also we can get distinct synchronous speed with 

nearly identical most torque. 

 
Fig 2: Block diagram of closed loop v/f control of induction motor 

 

Thus the motor is absolutely applied and also we've an excellent variety of speed control. This paper 

affords a new approach of V/f control, that's primarily based on present day feedback to improve the stability of 

the traditional V/fcontrol. The proposed approach is based totally at the stator present day derivatives. This new 

method has effectively dampedthe torque and speed oscillations in V/f control for low power IM force gadget. 

But, making use of this technique forexcessive voltage IM led to extra oscillations and result in a fantastically 

volatile power machine. This paper analyses the reasonsof this instability and proposes a damper to suppress the 

undesirable oscillations. The proposed damper is easy to put in force and facilitates do away with the 

oscillations which reasons the instability of V/f for excessive voltage IM. 

 

III. Zeta Converter Fed Induction Motor Drive Control 
The proposed scheme for the sensor much less induction motor force fed by a ZETA based totally 

percent converter works in DICM mode is shown in Fig. 3.  The ZETA converter continues the DC link voltage 

to a sure set reference price. In ZETA converter the switching operation is completed at excessive switching 

frequency for powerful manipulate which ends up in the reduction of length of components like inductors. The 

detection of rotor position for electronic commutation is accomplished by using a sensor much less method. A 

blind startup is used for starting the induction motor. An appropriate MOSFET having a high frequency rating is 

used within the front end converter for its high frequency operation while for the low frequency operation 

ofVSI-IGBTsare used [7]. The proposed scheme keeps high strength aspect and coffee THD of the AC supply 

modern at the same time as controlling rotor velocity same to the set reference velocity. Right here the ZETA 

converter uses a voltage follower approach which is used for the manipulate the converter running in DICM. 

The DC link voltage is controlled by way of a single voltage sensor. Vdc (sensed DC link voltage) is in 

comparison with Vdc∗ (reference voltage) to generate an error sign which is the distinction of Vdc∗ and Vdc . The 

error signal is given to a Proportional necessary (PI) controller to provide a controlled output.[8]. The controlled 

output is in comparison with the high frequency saw tooth signal to generate PWM pulse for the MOSFET of 

the ZETA converter.  
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Fig 3: Block diagram of open loop v/f control of induction motor 

 

Operations of ZETA converter 

 
Fig 4: operation of ZETA converter with respect to time periods 

 

Theoretical waveforms 

 
Fig 5:switching waveforms 

 

Methods Of Operation  

Fig. 5 demonstrates the circuit outline of a ZETA converter. It comprise of an information capacitor 

C1, a yield capacitor, C0, coupled inductors L1 and L0, an AC coupling capacitor, Cu, a power MOSFET, S, 

and a diode, D. Fig.5a demonstrates the ZETA converter working in CCM when S is on and fig. 5b 

demonstrates the ZETA converter working in CCM when turn is off.  It is essential to investigate the circuit at 

DC when both changes are headed toward comprehend the voltages at the different [9] circuit hubs. Cu is 

charged to the yield voltage, Vo, amid unfaltering state CCM since Capacitor Cu is in parallel with Co. Figure 
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5.2 demonstrates the waveforms of voltages crosswise over L1 and L1 amid CCM operation. At the point when 

S is off ,I the voltage crosswise over L1 is Vo since it is in parallel with Co. The voltage crosswise over S when 

S is off is Vin + Vo, in this manner the  voltage crosswise over L1 is Vo in respect to the deplete of S. At the 

point when switch S is on, capacitor Cu, charged to Vo, is associated in arrangement with L1, so the voltage 

crosswise over L1 is +Vin, and diode D sees Vin + Vo.[10]. 

 

Mathematical expressions: 

The input current increases linearly according theFollowing equation: 

iin=
𝑣𝑝.𝑠𝑖𝑛  𝜔𝑡

𝐿
.t(3) 

Output characteristic (G), 

G=
𝑣𝑜

𝑣𝑝
=

𝐷

2
 

𝑅𝑜

𝐿.𝑓𝑠
      (4) 

 

IV. Simulation And Results 
1 a)Simulink model of Closed loop system  

 
Fig 6: Simulink model of closed loop v/f control of induction motor 

 

 1b)simulink results 

 
Fig 7: Input voltage(time vs voltage) 

 

 
Fig 8: Outputvoltage (time vs voltage) 
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Fig 9: Motor speed 

 

 
Fig 10: Motor Torque 

 

2 a)Simulink model of Closed loop system  with PI controller 

 
Fig 11: Simulink model of closed loop v/f control of induction motor with PI controller 

 

2b)simulink results 

 
Fig 12: Motor speed 

 

 
Fig 13: Motor Torque 
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3 ) Simulink results with fuzzy logic controller 

 
Fig 14: Motor speed 

 

 
Fig 15: Motor Torque 

 

4)Simulink results with Hysteresis controller 

 
Fig 16:Motor speed 

 

 
Fig 17: Motor Torque 

 

Table-1 Time domain parameters 
Controller Rise time (s) Peak time (s) Setting 

time (s) 

Steady state 

error (RPM) 

PI 2.7 2.73 3.3 2.3 

Hysteresis 2.6 2.61 3.1 1.2 

FLC 0.3 0 0.4 0.7 

 

V. Conclusion 

A novel voltage controlof ZETA converter fed induction motor difficulty. Speed manipulate using 

volts in keeping with hertz control is mentioned and is proven through simulations. A sensor much less 

operation minimizes the device complexity and reduces the price of general system. DC to DC operation of 

ZETAconverter improves the nice of energy supplied to the motor. ZETA converter can perform both step up as 

well as step down operation relying at the time for which gate is precipitated. Electricity factor of the overall 

device has improved. The voltage and modern profile fulfill diverse voltage and current requirements. The 

velocity of induction motor is found to be regulated within the stipulated tiers. Torque ripples are minimized by 

means of the closed loop operation of volts per hertz control. TheFLC system is able to supplying suitable 

torque- slip characteristics of the motor. 
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