

  
    
            
        
      
      
        
          
        

        
          
            
          
        
        
          
            
              
                
              
            

            
              
                
                  Recently Searched
                

              

                
                  
                      
                      
                        
                      
                  

                
              
                No results found
              

            

          

          
            
              

                
              
            

            
              
                Tags
              

              
                
                  
                      
                  
                
              

              
                

              

              
                No results found
              

            

          

          
            
              
                
              
            

            
              
                Document
              

              
                
                  
                      
                  
                
              

              
                

              

              
                No results found
              

            

          

        

      

    

    
      
        
          
        
      
              

                        
  
  

                
            
            
        
        English
                        
          
            
            
              
                Home
                
                  
                
              
              
                Schools
                
                  
                
              
              
                Topics
                
                  
                
              
            

          

        


        
          Log in
        
        
        
        
        
          

  





  
    
      
      	
            
              
              
            
            Delete
          
	
            
              
              
            
          
	
            
              
                
              
              
            
          
	
          

        
	No results found


      
        
          
        
      
    

  







  
      
  
    
    	
                                    
              Home
            
            




	
                          
                
              
                        
              Other
            
            


      
                  Stability Analysis and Robust Controller Design of Indirect Vector Controlled Induction Motor
      

      
        
          
            
              
                
              
            
            
            
              
                Share "Stability Analysis and Robust Controller Design of Indirect Vector Controlled Induction Motor"

                
                  
                    
                  
                  
                    
                  
                  
                    
                  
                  
                    
                  
                

                
                  

                  
                    COPY
                  
                

              

            

          

          
            
              

                
              
            
          

        

      

    

    
      
        
          
            
              
            
                          
                N/A
              
                      


          
            
              
            
                          
                N/A
              
                      

        

        
                      
              
                
              
                               Protected
                          

                    
            
              
            
            
              Academic year: 
                2022
              
            

          

        

        
          
            
            
                
                    
                
                Info
                
                

            
            

            

                        
  

                
        Download
          
              

          
            
              
                
                Protected

              

              
                
                
                  Academic year: 2022
                

              

            

            
              
                
                  
                
                
                
                  
                    Share "Stability Analysis and Robust Controller Design of Indirect Vector Controlled Induction Motor"

                    
                      
                        
                      
                      
                        
                      
                      
                        
                      
                      
                        
                      
                    

                    
                      

                      
                        
                      
                    

                    Copied!

                  

                

              

              
                
                  
                
              

            

            
              
                
                140
              

              
                
                0
              

              
                
                0
              

            

          

        

      

      
        
                              
            
            140
          

          
            
            0
          

          
            
            0
          

        

      

    

  



  
        
                    
  
    
    
      
        Loading....
        (view fulltext now)
      

      
        
      

      
      

    

  




  
      

                    Show more (   Page )
        
  


  
      

                    Download now ( 140 Page )
      



      
            
  
    Full text

    
      (1)
Stability Analysis and Robust Controller Design of Indirect Vector Controlled



Induction Motor



Jitendra Kumar Jain



Department of Electrical Engineering



National Institute of Technology Rourkela



(2)
Stability Analysis and Robust Controller Design of Indirect Vector Controlled



Induction Motor


Dissertation submitted in partial fulfillment
 of the requirements of the degree of



Doctor of Philosophy


in



Electrical Engineering


by



Jitendra Kumar Jain


(Roll Number: 512EE1010)


based on research carried out
 under the supervision of


Prof. Sandip Ghosh


and


Prof. Somnath Maity


December, 2017



Department of Electrical Engineering



National Institute of Technology Rourkela



(3)
Department of Electrical Engineering



National Institute of Technology Rourkela


December 29, 2017



Certificate of Examination


Roll Number: 512EE1010
 Name: Jitendra Kumar Jain


Title of Dissertation: Stability Analysis and Robust Controller Design of Indirect Vector
 Controlled Induction Motor


We the below signed, after checking the dissertation mentioned above and the official
 record book (s) of the student, hereby state our approval of the dissertation submitted in
 partial fulfillment of the requirements of the degree ofDoctor of Philosophyin Electrical
 EngineeringatNational Institute of Technology Rourkela. We are satisfied with the volume,
 quality, correctness, and originality of the work.


Somnath Maity Sandip Ghosh


Co-Supervisor Principal Supervisor


K. B. Mohanty Susovon Samanta


Member, DSC Member, DSC


Anup Kumar Panda I. N. Kar


Chairman, DSC External Examiner



(4)
National Institute of Technology Rourkela


Prof. Sandip Ghosh
 Assistant Professor
 Prof. Somnath Maity
 Assistant Professor


December 29, 2017



Supervisors’ Certificate


This is to certify that the work presented in the dissertation entitled Stability Analysis
 and Robust Controller Design of Indirect Vector Controlled Induction Motorsubmitted by
 Jitendra Kumar Jain, Roll Number 512EE1010, is a record of original research carried out
 by him under our supervision and guidance in partial fulfillment of the requirements of the
 degree ofDoctor of PhilosophyinElectrical Engineering. Neither this dissertation nor any
 part of it has been submitted earlier for any degree or diploma to any institute or university
 in India or abroad.


Somnath Maity Sandip Ghosh


Assistant Professor Assistant Professor



(5)
Dedication


This research work is dedicated to my loving family...


Signature



(6)
Declaration of Originality


I, Jitendra Kumar Jain, Roll Number 512EE1010 hereby declare that this dissertation
 entitled Stability Analysis and Robust Controller Design of Indirect Vector Controlled
 Induction Motorpresents my original work carried out as a doctoral student of NIT Rourkela
 and, to the best of my knowledge, contains no material previously published or written by
 another person, nor any material presented by me for the award of any degree or diploma
 of NIT Rourkela or any other institution. Any contribution made to this research by others,
 with whom I have worked at NIT Rourkela or elsewhere, is explicitly acknowledged in the
 dissertation. Works of other authors cited in this dissertation have been duly acknowledged
 under the sections “Reference” or “Bibliography”. I have also submitted my original
 research records to the scrutiny committee for evaluation of my dissertation.


I am fully aware that in case of any non-compliance detected in future, the Senate of NIT
 Rourkela may withdraw the degree awarded to me on the basis of the present dissertation.


December 29, 2017


NIT Rourkela Jitendra Kumar Jain



(7)
Acknowledgment


First and foremost, I would like to express my deep sense of respect and gratitude towards
 my supervisor Prof. Sandip Ghosh and co-supervisor Prof. Somnath Maity, who have been
 the guiding force behind this work. I want to thank them for introducing me to the field of
 Induction Motor Drives Control and giving me the opportunity to work under them. Their
 undivided faith in this topic and ability to bring out the best of analytical and practical skills in
 people has been invaluable in tough periods. Without their invaluable advice and assistance
 with all kinds of support it would not have been possible for me to complete this thesis. I
 am greatly indebted to them for their constant encouragement and invaluable advice in every
 aspect of my research career. I consider it my good fortune to have got an opportunity to
 work with such wonderful persons.


I thank our H.O.D. Prof. Jitendriya Kumar Satapathy and DSC chairman Prof. Anup
 Kumar Panda for their blessings and constant support in my thesis work. They have been
 great sources of inspiration to me and I thank them from the bottom of my heart.


I would also like to thank all faculty members to provide me their regular suggestions
 and encouragements during the whole work.


At last but not the least I am in debt to my family to support me regularly during my hard
 times.


I wish to thank all PhD scholars, my seniors and juniors, all colleagues and secretarial
 staff of the EE Department for their sympathetic cooperation.


December 29, 2017
 NIT Rourkela


Jitendra Kumar Jain
Roll Number: 512EE1010



(8)
Abstract


The thesis considers stability analysis and controller design through different performance
 measures for indirect vector controlled induction motor (IVCIM). These problems are known
 to be complex due to nonlinearity, large order and multi-loop scenario. Some new approaches
 and results on IVCIM are proposed in this work.


IVCIM dynamics is well known for having different bifurcation behavior, viz.,
 saddle-node, Hopf, Bogdanov–Takens and Zero–Hopf bifurcations due to rotor resistance
 variation. These bifurcations affect the control performance and may lead to stalling or
 permanent damage of motor. A numerical analysis of these bifurcations for proportional
 integral (PI) controlled IVCIM is made in this thesis using full-order induction motor model
 (stator dynamics is included). This analysis aids to determine the allowable bifurcation
 parameter variation range as well as suitable choice of speed-loop gains to avoid these. Some
 new observations on the bifurcation behavior are made. Simulation and experimental results
 are presented validating the bifurcation behaviors.


For improving dynamic performance in the presence of load torque and rotor resistance
 variation, a new method for designing PI gains is proposed for IVCIM. The inner-loop
 current PI controllers are tuned simultaneously along with the speed controller. This method
 is implemented using a static output feedback scheme in which iterative linear matrix
 inequality (ILMI) based 𝐻∞ control technique is employed. Such a design makes stator
 currents and speed response to be robust against rotor resistance and load variations. A
 comparison between proposed design and a conventional one is shown using simulation and
 experimental results that validate the superiority of the proposed approach.


Owing to multi-loop and nonlinear system behavior, IVCIM dynamics is known to have
coupling in between the two inner-loop stator current components (flux and torque). Such
coupling affects the dynamic torque output of the motor. Decoupling of the stator currents are
important for smoother torque response of IVCIM. Conventionally, additional feedforward
decoupler is used to take care of the coupling that requires exact knowledge of the motor
parameters and additional circuitry or signal processing. A method is proposed to design
the regulating PI gains while minimizing coupling without any requirement of additional
decoupler. The variation of the coupling terms for change in load torque is considered as the
performance measure. The same ILMI based𝐻∞control design approach is used to obtain
the controller gains. A comparison between the conventional feedforward decoupling and
proposed decoupling scheme is presented through simulation and experimental results that



(9)establish the effectiveness of the proposed method riding over its simplicity.


Finally, since the PI controller can yield limited performance, a dynamic controller
 is designed for the IVCIM drive system. In the design process, iron-loss dynamics are
 incorporated into induction motor model to fetch benefit through better performance. A
 sequential design method is used for the controller design in which, first, the inner-loop
 controllers are designed. The designed inner-loop controllers is then used for designing the
 outer speed-loop controller. The proposed design employs ILMI based𝐻∞ control design
 for dynamic output feedback controller that makes stator currents and speed response to
 be robust against disturbances. A comparison among proposed dynamic controller design,
 PI controller and compensator design is shown using simulation and experimental results
 demonstrate enhanced performance of the proposed controller and suitability for industrial
 purpose.


Keywords: Induction motor; indirect vector control; rotor resistance; equilibrium
point; bifurcation phenomenon; speed-loop; current-loop; proportional integral
control;iterative linear matrix inequality;decoupling;sensitivity;dynamic controller.
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Introduction



1.1 Background


Indirect vector control (IVC) of induction motor (IM) drives is used in industrial applications
 where high performance is required [5, 6]. Parameters of IM such as resistance, inductance
 may vary with temperature, ageing and other environmental reasons [7]. The IVC scheme is
 sensitive to changes in parameters, controller design and motor losses. These variations,
 particularly the rotor resistance variation, may lead to input-output torque nonlinearity,
 saturation of the machine and coupling of torque, flux component of stator currents [8, 9].


For minimizing the effect of this variation, several rotor resistance estimation schemes have
 been developed in [10–12]. However, an improper estimation may degrade the dynamic
 performance and lead to create bifurcation or chaos in control operation [9, 13–18]. In most
 of the industries, the classical proportional integral (PI) controller is preferred for IVCIM due
 to its simple structure and effectiveness [1, 3, 19]. The tuning of PI gains is important since
 rotor resistance and load variations may degrade performance. Owing to complex dynamics
 as induced by stator currents coupling, PI design is not straightforward. This current coupling
 increases with the motor speed and create non-smoothness of the torque response [4, 20].


Therefore, typically, a feedforward decoupling scheme is used to compensate the coupled
 terms [21]. However, it increases complexity and signal processing burden on the system.


Although the PI controller is simple in structure, the tuning scheme can only bring some
 limited performance. Such limitations may cause large current overshoot for a sharp change
 in motor speed and load torque. A dynamic controller may overcome this limitation and can
 improve the performance of the motor.



1.2 Motivation


The rotor resistance variation may cause detuning in the indirect vector controlled
induction motor (IVCIM) system [9]. Many rotor resistance estimation methods have been
addressed [10–12, 22, 23] to compensate such detuning. However, the estimated resistance
may vary beyond the stability limit of IM operation. Such detuning induce bifurcations into
IM dynamics in steady-state. Mainly two types of bifurcations are observed:
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 1. PI tuning independent bifurcation (saddle node bifurcation (SNB))


2. PI tuning dependent bifurcation (Hopf bifurcation (HB), Bogdanov–Takens
 bifurcation (BTB), Zero–Hopf bifurcations (ZHB))


These bifurcations not only induce oscillations in IM dynamics, but also increase stator
 currents to very high value and may stall motoring operation. A priori knowledge of
 allowable stable rotor resistance variation range and suitable PI tuning may avoid these
 bifurcations. However, in existing literature, such bifurcations are not analyzed in detail
 and existing PI tuning rules to avoid these are limited to low load conditions.


The dynamic operation of IVCIM is also affected due to change in rotor resistance.


Several modified controllers have been designed to improve the dynamic behavior of IM.


However, these existing techniques are either based on reduced order model and decoupled
 design of inner current-and outer speed-loop controllers. In addition, a performance based
 PI controller design still not well reported in literature.


The IM dynamics are inherently coupled. In high speed applications, change in
 one reference quantity (either flux current or torque current) affects the other one. For
 mitigating the coupling affects, various type of decoupling schemes have been developed
 in literature. However, such techniques are based on modification or additional arrangement
 into conventional IVCIM. In addition, among these supplementary control methods, the
 simplest one is the feedforward decoupling. The decoupling is primarily affected by
 inner-loop current controller gains. A suitable choice of inner-as well as outer-loop PI
 gains may reduce the coupling effect and can improve (fast and smooth torque response)
 the dynamic operation of IVCIM.


For a sharp change in load and reference speed, a PI controller does not yield smooth
 response. A dynamical controller can overcome this limitation. In addition, IM also suffers
 from losses e.g. iron losses, stray losses, etc. Among these, the iron loss is considered to have
 more impacts on dynamic and steady-state behavior of IVCIM system. In existing literature,
 several reduced order model based controllers (decoupled structure) are designed to mitigate
 the affect of iron loss. However, a simple and dynamic performance based controller design,
 which consider parameter variations as well as iron loss dynamics has not been reported so
 far.



1.3 Main Objectives of the Thesis


A detailed stability analysis as well as robust controller design is in need to minimize the
 effects of the rotor resistance variation and improve the dynamic performance of IVCIM.


The present work attempts to meet the following objectives.


• To determine the bifurcation conditions and its behavior on IM dynamics in order to
 obtain stability condition for rotor resistance variation and suitable outer speed-loop
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(22)gains that may avoid the bifurcations into IVCIM system.


• To devise methods for analysis considering full-order IM model.


• To improve the dynamic performance against the rotor resistance variation by robust
 design of current and speed-loop controllers.


• To investigate designing the PI controllers in order to minimize the dynamic coupling,
 possibly without any additional arrangement, e.g., feedforward decoupler.


• To design a higher-order dynamic controller compared to the conventional PI one for
 minimizing the affects of iron loss and parameter variations.



1.4 Thesis Layout


The thesis is organized in seven chapters. The contents of these chapters are summarized
 below:


Chapter 2 deals with the introduction to IM modeling. The most commonly used
 stationary and synchronous reference frame model for IM is discussed. The mathematical
 development of these models is also presented. Conventional control techniques comprising
 V/f, direct and indirect and DTC control with their principle of operation are briefed. A
 comparison among these techniques is also included.


Chapter 3 presents bifurcation analysis of the general and classical IVCIM in detail.


SNB, HB, BTB and ZHB are analyzed with the occurrence conditions and bifurcations
 curves. An algorithm is constructed to determine the bifurcation points. These points are
 further used to obtain the PI tuning to avoid them. Experimental results are also presented
 to validate the analysis.


Chapter 4covers the dynamic performance based concurrent PI tuning for current and
 speed-loop controllers in IVCIM. The design problem is framed in MIMO system framework
 involving full-order IM dynamics. An 𝐻∞ based ILMI algorithm is used to obtain the
 controller gains. Experimental validation along with comparison to existing works are also
 presented.


Chapter 5 contains the development of robust PI control design technique for IVCIM
 to minimize the coupling affects. The feedforward decoupler and coupling sensitivity of
 the system with respect to current controller gains is presented. The dominating coupling
 terms are taken as performance measure to design the controller gains. 𝐻∞ performance
 based ILMI algorithm (given inChapter 4) is used to tune the controllers. Experimental
 validation of the proposed technique with comparison to the feedforward decoupling are
 demonstrated.


Chapter 6 presents a dynamic control design technique for IVCIM to overcome the
limitations of the PI controller. It also improves the dynamic performance of the IVCIM



(23)subjecting to iron loss and variation in rotor resistance. The controller is designed in the
 sequential control design framework. First, inner-loop controller is designed. The designed
 inner-loop current controller is then used for designing the outer speed-loop controller.


The 𝐻∞ based ILMI algorithm (given in Chapter 4) is used to determine the controller
 parameters. The IVCIM dynamics response with the proposed dynamical controller are
 compared with the existing PI controller using simulation as well as experimental works.


Chapter 7 presents a summary of the thesis contributions and contains the proposed
future works.
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Modeling and Control of Three-Phase Induction Motor



2.1 Introduction


In most of the industrial applications, variable speed drives (VSD) are used in electrical
 and/or hybrid vehicles, pumps, elevators, ventilation, air conditioning, fans, robotics,
 machine tools, ship propulsion and rolling mills. In VSD, such applications are compiled
 with control of three types of motors dc, induction and synchronous. Among these motors,
 the dc motor control is simplest and have been preferred in fast torque and low speed
 applications [24]. However, owing to higher cost (due to commutator and brush assembly)
 and regular maintenance its applications are limited [25]. Whereas, due to cheaper cost,
 longer life, less maintenance, and development of semiconductor technology (e.g., insulated
 gate bipolar transistor) with fast signal processing (e.g., digital signal processor), three-phase
 IMs have been replaced dc motors [26–32]. These motors have covered most of the industrial
 use and hence helping in saving electrical energy.


In the next section, mathematical models and control techniques for Induction motor
 are covered. First, an equivalent model of three-phase IM in two-phase is derived. The
 two-phase model is represented in stationary and synchronous reference frames.



2.2 Induction Motor (IM) Modeling


The IM modeling is made with the underneath assumptions:


1. Both the stator and rotor windings are arranged symmetrically, wye connected, have
 three-phase and two poles.


2. The following are neglected: the dynamics associated with nonlinear magnetic
 circuits; the harmonic content of the magneto motive force (MMF) wave; variation
 in rotor resistance due to change in temperature and frequency.


Fig. 2.1 shows the schematic diagram of a two-pole, three-phase IM. The IM works on the
principle that when stator windings are connected to a three-phase supply, a rotating magnetic
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Figure 2.1: Schematic representation of a two-pole, three-phase IM.


field is generated into the air-gap. This magnetic field is rotated with the synchronous speed
 ω𝑒. The rotor part is short-circuited. The magnetic field induces a voltage into rotor windings
 that generates rotor current. When the generated rotor current is interacted with the air gap
 magnetic field, torque is produced. The rotor starts to rotate in a direction such that the
 relative speed between rotating magnetic field and rotor windings is reduced. In steady-state,
 the rotor is rotated with the speed, which is closer to its synchronous speed. If the rotor speed
 is matched with the synchronous speed, then the induced voltage and rotor current become
 zero and hence motor does not produce any torque. The difference between synchronous
 speed and rotor electrical speed is termed as a slip. It is defined mathematically as:


𝑆 = ω𝑒− ω𝑟


ω𝑒 (2.1)


The three-phase stator voltage equations for the IM in stationary reference frame which
 is attached to the stator are given as


𝑣𝑎𝑠 =𝑅𝑠𝑖𝑎𝑠+ 𝑑ψ𝑎𝑠
 𝑑𝑡
 𝑣𝑏𝑠 =𝑅𝑠𝑖𝑏𝑠+ 𝑑ψ𝑏𝑠


𝑑𝑡
 𝑣𝑐𝑠 =𝑅𝑠𝑖𝑐𝑠+ 𝑑ψ𝑐𝑠


𝑑𝑡


⎫}
 }}


⎬}
 }}


⎭


(2.2)


where𝑖𝑎𝑠, 𝑖𝑏𝑠 and𝑖𝑐𝑠 are the phase currents for each stator phase𝑎, 𝑏and𝑐, respectively;


ψ𝑎𝑠,ψ𝑏𝑠andψ𝑐𝑠 defines the linkage flux associated with corresponding phase;𝑅𝑠 defines
 the stator phase resistance.
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(26)Similar to the stator side, the instantaneous rotor voltage equations for the stationary
 reference frame (attached to the rotor) can be written as


𝑣𝑎𝑟 =𝑅𝑟𝑖𝑎𝑟+ 𝑑ψ𝑎𝑟
 𝑑𝑡
 𝑣𝑏𝑟 =𝑅𝑟𝑖𝑏𝑟+ 𝑑ψ𝑏𝑟


𝑑𝑡
 𝑣𝑐𝑟 =𝑅𝑟𝑖𝑐𝑟+ 𝑑ψ𝑐𝑟


𝑑𝑡


⎫}
 }}


⎬}
 }}


⎭


(2.3)


where phase currents, linkage fluxes and rotor phase resistance for the rotor phase are defined
 similarly to the stator phases.


Note that, the further development of modeling for a different number of poles can be
 determined by simply multiplying the number of poles to the torque equation.



2.2.1 Two-Phase Transformation


Since the rotor windings are considered in agreement with the stator windings, the dynamics
 analysis of IM in three-phase becomes complex. In the dynamical model of IM using
 three-phase, some of the motor inductances are the functions of the rotor speed and as well
 as vary with time [33]. A three-phase to two-phase transformation is used to minimize the
 complexity associated with the three-phase differential equations. Clarke’s transformation
 is used to convert a three-phase stationary machine into an equivalent two-phase stationary
 machine (orthogonal components). In this transformationα𝑠 and α𝑟 correspond to stator
 and rotor direct-axis components, whereasβ𝑠andβ𝑟correspond to the quadrature stator and
 rotor components. However, the parameters are still time-variant. R. H. Park in 1920s has
 given a transformation approach for electric machine to solve the above mentioned problem.


In his formulation, variables which are linked with stator side are transformed to a rotating
 frame as fixed with the rotor. Using this proposed transformation, all time-dependent
 inductances corresponding to electric circuits in relative motion and with varying magnetic
 reluctance are eliminated [33]. For the rotor side, all the variables appear as of constant
 values.



2.2.2 Axes Transformation


The three-phase variables can be transformed into stationary reference frame using Clarke’s
 transformation. The Clarke’s transformed quantities are represented byαandβcomponents,
 respectively. Both components are orthogonal to each other and in the steady state have the
 sinusoidal form.


The criterion to transform three-phase stationary frame to two-phase stationary frame and
two-phase stationary to two-phase synchronous frame is shown in Fig. 2.2. The synchronous
frame is rotating with speedω𝑒in the stationary reference frame. The relative speed between
the rotor (position angleθ𝑟) and the synchronous reference frame (position angleθ𝑒) isω𝑠𝑙 =
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Figure 2.2: Three-phase to two-phase transformation.


ω𝑒− ω𝑟. The transformation corresponding to Clarke’s as shown in Fig. 2.2 is given as:


gβα0 =Zβαg𝑎𝑏𝑐 (2.4)


where(gβα0)𝑇 = [𝑔β 𝑔α 𝑔0,] , (g𝑎𝑏𝑐)𝑇 = [𝑔𝑎 𝑔𝑏 𝑔𝑐] , Zβα = 23⎡


⎢⎢


⎣


1 −12 −12
 0 √23 −√23


12 1


2 1


2


⎤⎥


⎥


⎦
 .
 Here, 𝑔can be any variable among voltage, current, flux linkage and electric charge. The
 term 23 indicates the per phase power invariant form.


Note that, the zero variables are not associated with the stationary reference frame. These
 are added to ensure reversibility of the transformed variables.


For the inverse of the Clarke’s transformation, one can use


(Zβα)−1 =⎡


⎢⎢


⎣


1 0 1


−12 √23 1


−12 −√23 1


⎤⎥


⎥


⎦


(2.5)


The Park’s transformation introduces a new analysis which eliminates all the dynamical
 inductances (Varying with time) from the three-phase IM voltage equations. It is caused
 by transformations of all stationary framed quantities to synchronous reference frame
 corresponding to Fig. 2.2. The Park’s transformed quantities are represented by 𝑑 (direct)
 and𝑞(quadrature) components, respectively. Park’s transformation is given as:


g𝑞𝑑0=Z𝑞𝑑g𝑎𝑏𝑐 (2.6)
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(28)where


(g𝑞𝑑0)𝑇 = [𝑔𝑞 𝑔𝑑 𝑔0] , (g𝑎𝑏𝑐)𝑇 = [𝑔𝑎 𝑔𝑏 𝑔𝑐] ,


Z𝑞𝑑 =2
 3


⎡⎢


⎢


⎣


cos(θ𝑒) cos(θ𝑒−2𝜋3 ) cos(θ𝑒+ 2𝜋3 )
 sin(θ𝑒) sin(θ𝑒− 2𝜋3 ) sin(θ𝑒+ 2𝜋3 )


12 1


2 1


2


⎤⎥


⎥


⎦
 .


Here,θ𝑒represent the angular displacement for the rotating reference frame.


Similar to Clarke’s transformation, the inverse of the Park’s transformation can be
 determined using the following:


(Z𝑞𝑑)−1 = 2
 3


⎡⎢


⎢


⎣


cos(θ𝑒) sin(θ𝑒) 1
 cos(θ𝑒− 2𝜋3 ) sin(θ𝑒−2𝜋3 ) 1
 cos(θ𝑒+ 2𝜋3 ) sin(θ𝑒+2𝜋3 ) 1


⎤⎥


⎥


⎦


(2.7)


Park’s transformation is usually made first by transforming the three-phase quantities
 through Clarke’s transformation and then one rotation. The following equations shows the
 relation between Park and Clarke transformation:


[𝑔β
 𝑔α] = 2


3[cos(θ𝑒) −sin(θ𝑒)
 sin(θ𝑒) cos(θ𝑒) ] [𝑔𝑞


𝑔𝑑] (2.8)


and


[𝑔𝑞
 𝑔𝑑] = 2


3[ cos(θ𝑒) sin(θ𝑒)


−sin(θ𝑒) cos(θ𝑒)] [𝑔β


𝑔α] (2.9)



2.2.3 Stationary Reference Frame Model


The three-phase IM model equations (2.2) and (2.3) with flux linkage expressions from [33]


are transformed into the stationary reference frame using (2.4). The transformed equations
 are written as


𝑣α𝑠 =𝑅𝑠𝑖α𝑠+ 𝑑ψα𝑠
 𝑑𝑡
 𝑣β𝑠 =𝑅𝑠𝑖β𝑠+ 𝑑ψβ𝑠


𝑑𝑡
 0 =𝑅𝑟𝑖α𝑟+ 𝑑ψα𝑟


𝑑𝑡 − ω𝑟ψβ𝑟
 0 =𝑅𝑟𝑖β𝑟+ 𝑑ψβ𝑟


𝑑𝑡 + ω𝑟ψα𝑟


⎫}
 }}
 }}


⎬}
 }}
 }}


⎭


(2.10)


along with


ψα𝑠 =𝐿𝑙𝑠𝑖α𝑠+ 𝐿𝑚𝑖α𝑚
 ψβ𝑠 =𝐿𝑙𝑠𝑖β𝑠+ 𝐿𝑚𝑖β𝑚
 ψα𝑟 =𝐿𝑙𝑟𝑖α𝑟+ 𝐿𝑚𝑖α𝑚
 ψβ𝑟 =𝐿𝑙𝑟𝑖β𝑟+ 𝐿𝑚𝑖β𝑚


⎫}
 }}


⎬}
 }}


⎭


(2.11)
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 where𝑖α𝑚 = 𝑖α𝑠+ 𝑖α𝑟and𝑖β𝑚= 𝑖β𝑠+ 𝑖β𝑟.


The equivalent circuit diagram for the stationary reference frame IM model is shown in
 Fig. 2.3 and Fig. 2.4.
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Figure 2.3: β equivalent IM model for stationary reference
 frame.
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Figure 2.4: α equivalent IM model for stationary reference
 frame.


The above IM model (2.10)-(2.11) is comprised of stator currents, rotor fluxes and rotor
 currents. Practically, rotor currents are difficult to measure. These currents can be estimated
 from the rotor fluxes. Whereas rotor fluxes can be easily expressed in terms of stator currents
 using (2.11). Hence by solving (2.10)-(2.11) in terms of stator currents and rotor fluxes, the
 IM model in stationary reference frame is obtained as


⎡⎢


⎢⎢


⎣
 𝑠𝑖α𝑠
 𝑠𝑖β𝑠
 𝑠ψα𝑟
 𝑠ψβ𝑟


⎤⎥


⎥⎥


⎦


=


⎡⎢


⎢⎢


⎣


−𝑎 0 𝑏σ 𝑏ω𝑟
 0 −𝑎 −𝑏ω𝑟 𝑏σ
 σ𝐿𝑚 0 −σ −ω𝑟


0 σ𝐿𝑚 ω𝑟 −σ


⎤⎥


⎥⎥


⎦
 +


⎡⎢


⎢⎢


⎣
 𝑐 0
 0 𝑐
 0 0
 0 0


⎤⎥


⎥⎥


⎦
 [𝑣α𝑠


𝑣β𝑠] (2.12)


where


𝐿𝑠 =𝐿𝑙𝑠+ 𝐿𝑚, 𝐿𝑟= 𝐿𝑙𝑟+ 𝐿𝑚, 𝑎 = 𝑅𝑠𝐿𝑟


𝐿𝑟𝐿𝑠− 𝐿2𝑚 + 𝐿2𝑚𝑅𝑟
 (𝐿𝑟𝐿𝑠− 𝐿2𝑚)𝐿𝑟,
 𝑏 = 𝐿𝑚


𝐿𝑟𝐿𝑠− 𝐿2𝑚, 𝑐 = 𝐿𝑟


𝐿𝑟𝐿𝑠− 𝐿2𝑚 and σ = 𝑅𝑟
 𝐿𝑟.
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(30)Hereσrepresents the inverse of the rotor time constant and𝑠denotes the Laplace operator.



2.2.4 Synchronous Reference Frame Model


The IM model (2.2) and (2.3) is converted into synchronously rotating reference frame using
 (2.6) as


𝑣𝑑𝑠 =𝑅𝑠𝑖𝑑𝑠 +𝑑ψ𝑑𝑠


𝑑𝑡 − ω𝑒ψ𝑞𝑠
 𝑣𝑞𝑠=𝑅𝑠𝑖𝑞𝑠+𝑑ψ𝑞𝑠


𝑑𝑡 + ω𝑒ψ𝑑𝑠
 0 =𝑅𝑟𝑖𝑑𝑟 +𝑑ψ𝑑𝑟


𝑑𝑡 − ω𝑠𝑙ψ𝑞𝑟
 0 =𝑅𝑟𝑖𝑞𝑟 + 𝑑ψ𝑞𝑟


𝑑𝑡 + ω𝑠𝑙ψ𝑑𝑟


⎫}
 }}
 }}


⎬}
 }}
 }}


⎭


(2.13)


and


ψ𝑑𝑠 =𝐿𝑙𝑠𝑖𝑑𝑠+ 𝐿𝑚𝑖𝑑𝑚
 ψ𝑞𝑠=𝐿𝑙𝑠𝑖𝑞𝑠+ 𝐿𝑚𝑖𝑞𝑚
 ψ𝑑𝑟 =𝐿𝑙𝑟𝑖𝑑𝑟+ 𝐿𝑚𝑖𝑑𝑚
 ψ𝑞𝑟 =𝐿𝑙𝑟𝑖𝑞𝑟+ 𝐿𝑚𝑖𝑞𝑚


⎫}
 }}


⎬}
 }}


⎭


(2.14)


where𝑖𝑑𝑚 = 𝑖𝑑𝑠 + 𝑖𝑑𝑟and𝑖𝑞𝑚= 𝑖𝑞𝑠+ 𝑖𝑞𝑟.


The equivalent circuit diagram for the synchronous rotating reference frame IM model
 is shown in Fig. 2.5 and Fig. 2.6.


Similar to the stationary reference frame model (2.12), the IM model with stator currents
 and rotor fluxes is expressed in rotating reference frame as


⎡⎢


⎢⎢


⎣
 𝑠𝑖𝑑𝑠
 𝑠𝑖𝑞𝑠
 𝑠ψ𝑑𝑟
 𝑠ψ𝑞𝑟


⎤⎥


⎥⎥


⎦


=


⎡⎢


⎢⎢


⎣


−𝑎 ω𝑒 𝑏σ 𝑏ω𝑟


−ω𝑒 −𝑎 −𝑏ω𝑟 𝑏σ
 σ𝐿𝑚 0 −σ ω𝑒− ω𝑟


0 σ𝐿𝑚 ω𝑟− ω𝑒 −σ


⎤⎥


⎥⎥


⎦
 +


⎡⎢


⎢⎢


⎣
 𝑐 0
 0 𝑐
 0 0
 0 0


⎤⎥


⎥⎥


⎦
 [𝑣𝑑𝑠


𝑣𝑞𝑠] (2.15)


The electromagnetic torque expression for the IM in d-q frame is given by [5, 6, 33]


𝑇𝑒= 3𝑃 𝐿𝑚


4𝐿𝑟 (𝑖𝑞𝑠ψ𝑑𝑟− 𝑖𝑑𝑠ψ𝑞𝑟) (2.16)
 The expression for the speed computation of the rotor is given by


𝐽𝑑ω𝑚


𝑑𝑡 = 𝑇𝑒− 𝑇𝐿 (2.17)


whereω𝑚represents the mechanical speed of the motor.


The relation between electrical speedω𝑟and mechanical speedω𝑚of the motor is given
 by


ω𝑟= 𝑝


2ω𝑚. (2.18)
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Figure 2.5: 𝑞 equivalent IM model for synchronous reference
 frame.
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Figure 2.6: 𝑑 equivalent IM model for synchronous reference
 frame.


Due to the presence of viscous friction, the motor speed is modified as
 𝐽𝑑ω𝑟


𝑑𝑡 = 𝐾𝑚(𝑇𝑒− 𝑇𝐿) − 𝐵𝑚ω𝑟 (2.19)
 where𝐵𝑚represents the viscous friction coefficient.


The IM model combined with speed dynamics is obtained as
 𝑑𝑖𝑑𝑠


𝑑𝑡 = − 𝑎𝑖𝑑𝑠+ ω𝑒𝑖𝑞𝑠+ 𝑏σψ𝑑𝑟 + 𝑏ω𝑟ψ𝑞𝑟+ 𝑐𝑣𝑑𝑠
 𝑑𝑖𝑞𝑠


𝑑𝑡 = − ω𝑒𝑖𝑑𝑠− 𝑎𝑖𝑞𝑠− 𝑏ω𝑟ψ𝑑𝑟+ 𝑏σψ𝑞𝑟+ 𝑐𝑣𝑞𝑠
 𝑑ψ𝑑𝑟


𝑑𝑡 =σ𝐿𝑚𝑖𝑑𝑠− σψ𝑑𝑟+ (ω𝑒− ω𝑟) ψ𝑞𝑟
 𝑑ψ𝑞𝑟


𝑑𝑡 =σ𝐿𝑚𝑖𝑞𝑠− (ω𝑒− ω𝑟)ψ𝑑𝑟 − σψ𝑞𝑟
 𝐽𝑑ω𝑟


𝑑𝑡 =𝐾𝑚(𝑇𝑒− 𝑇𝐿) − 𝐵𝑚ω𝑟


⎫}
 }}
 }}
 }


⎬}
 }}
 }}
 }⎭


(2.20)


where


𝑇𝑒=𝐾𝑡(𝑖𝑞𝑠ψ𝑑𝑟− 𝑖𝑑𝑠ψ𝑞𝑟), 𝐾𝑡 = 3𝑃 𝐿𝑚


4𝐿𝑟 and 𝐾𝑚 = 𝑃
 2.


Next, the different control schemes V/f or scalar control, vector control, direct torque control
12



(32)of IM as required for various industrial applications are reviewed.



2.3 Control Techniques for Induction Motor


The IM can be controlled by scalar or V/f control [34–39], vector control [6, 40–49], and
 direct torque control [50–55] which devise the performance of the drive system. V/f control
 is a conventional control scheme, which produces minimum steady state error for the IM
 drive. However, its torque response is sluggish. Vector control provides precise and fast
 torque control and a better alternative of V/f control (scalar control). Vector controlled
 induction motor (VCIM) drives are widely used in industries where reliability and high
 performance are the main concerns [5, 33]. On the other hand, the DTC is an advanced
 version of vector control. It is a sensorless control (does not require speed feedback
 information). The torque of IM is controlled directly rather than indirect manner as in vector
 control.



2.3.1 Volts/Hz or V/f Control


The motors powered with 50 Hz supply are operated at constant speed applications. V/f
 control is used to maintain the motor speed as constant. Its principle is based on maintaining
 the constant stator flux. This control technique is derived by applying steady state condition
 on (2.13) as


𝑣𝑠 = 𝑅𝑠𝑖𝑠+ ω𝑒ψ𝑠 (2.21)


whereψ𝑠is the stator flux,𝑣𝑠and𝑖𝑠 is either direct or quadrature component of respective
 stator voltage and stator current. If the stator resistance voltage drop is neglected for high
 motor speed, the above (2.21) can be written as:


ψ𝑠= 𝑣𝑠


ω𝑒 (2.22)


From (2.22), it is depicted that for any speed variations one requires to change the stator
 voltage to maintain the constant fluxψ𝑠 = 𝑣𝑠/ω𝑒. The V/f control scheme block diagram is
 given in Fig. 2.7.


The motor is powered from a rectifier, and a three-phase inverter. The control action
works without any feedback input. The reference quantity ω𝑒𝑟𝑒𝑓 ≃ ω𝑟 where slip speed
ω𝑠𝑙 is considered as negligible. This ω𝑒𝑟𝑒𝑓 is further integrated to generate the position
angleθ𝑒for the reference signals. The voltage signal𝑣𝑠for three-phase command signal is
obtained fromω𝑒𝑟𝑒𝑓 and a gain factor𝐿. For making the controller suitability on low speed
applications, a boost voltage𝑣0is added. The effect of this boosting becomes negligible at
higherω𝑒𝑟𝑒𝑓. This arrangement makes the fluxψ𝑠as constant. Besides the simplicity of V/f
control implementation, it has certain disadvantages. In V/f control, when𝑇𝐿 is changed,
ω𝑟 is also changed by some amount. Hence, it is difficult to achieve precise speed control.




    
  




      
      
        
      


            
    
        References

        
            	
                        
                    



            
                View            
        

    


      
        
          

                    Download now ( PDF - 140 Page - 12.31 MB )
            

      


      
      
        
  Related documents

  
    
      
          
        
            Stator Inter Turn Short Circuit Fault Diagnosis in Three Phase Induction Motor Using Neural Networks
        
      

        Chapter–4 In this chapter, application of different techniques of neural networks (NNs) are chosen  such as back propagation algorithm (BPA) and radial basis function neural

    
      
          
        
            Analysis and design of cycloconverter FED induction motor drive
        
      

        Certified that the dissertation entitled 'Analysis a 1d  Design of Cycloconverter-Fed Induction Motor Drive' , vhich.. is being submitted by Shri Krishna Kant in fulfilment  for

    
      
          
        
            Analysis and design of rotor control of wound rotor induction motor
        
      

        Ayyadurai for the  award of the Degree of Doctor of Philosophy in Electrical  Engineering of the Indian Institute of Technology, Delhi,  is a record of student's own work carried out

    
      
          
        
            Analysis and development of vector control and induction motor drive
        
      

        Different control approaches such as scalar control, vector control, direct torque  control etc, have used to realise adjustable speed drives through variable frequency control of

    
      
          
        
            Analysis and Simulation of Direct Torque Controlled Induction Motor Drive
        
      

        Hence, Insulated Gate Bipolar  Transistors  (IGBTs)  are  employed. An  anti-parallel  diode  is  connected  across  each  IGBT  to  allow  motor  current to flow after the IGBT

    
      
          
        
            V/f Control of Induction Motor Drive
        
      

        14  Torque Characteristics for Uncontrolled Induction Motor    28  15  Speed Characteristics for Uncontrolled Induction Motor  29  16  Rotor Current Characteristics for

    
      
          
        
            Study of Induction motor drive with Direct Torque Control scheme and Indirect Field Oriented control scheme with Space Vector Modulation
        
      

        This  is  to  certify  that  the  work  in  this  thesis  entitled  “Study  of  Induction  Motor  Drive  with  Direct  Torque  Control  scheme  and  Indirect  field  oriented  control

    
      
          
        
            Performance Improvement of Sensorless Direct 
Field Oriented Induction Motor Drive with Sliding Mode and Fuzzy Sliding Mode Controllers
        
      

        The  system  responses  are  observed,  studied  and  irrespective  of  the  variation  of  induction  motor  parameter  variation  such  as  stator  and  rotor  resistance  with  the

      



      

    

    
            
            
      
  Related documents

  
          
        
    
        
    
    
        
            Department of Electrical Engineering 
        
        
            
                
                    
                    21
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Department of Electrical Engineering 
        
        
            
                
                    
                    21
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Performance Comparison of Different Speed Estimation Techniques in Sensorless Vector Controlled Induction Motor Drives
        
        
            
                
                    
                    58
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Comparative Analys is of Direct Torque Control in Three Phase and Five Phase Induction Motor Drives
        
        
            
                
                    
                    67
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Investigations on Direct Torque and Flux Control of Speed Sensorless Induction Motor Drive
        
        
            
                
                    
                    264
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Sensorless Sliding Mode Vector Control of Three Phase Induction Motor Drives
        
        
            
                
                    
                    51
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Analysis of Induction Motor Drive With Direct Torque Control Scheme Using Space Vector Modulation
        
        
            
                
                    
                    50
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Speed Sensorless Field Oriented Control of Induction Motor through Speed and Flux Estimation
        
        
            
                
                    
                    53
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

      


              
          
            
          

        

          

  




  
  
  
    
      
        Company

        	
             About us
          
	
            Sitemap

          


      

      
        Contact  &  Help

        	
             Contact us
          
	
             Feedback
          


      

      
        Legal

        	
             Terms of use
          
	
             Policy
          


      

      
        Social

        	
            
              
                
              
              Linkedin
            

          
	
            
              
                
              
              Facebook
            

          
	
            
              
                
              
              Twitter
            

          
	
            
              
                
              
              Pinterest
            

          


      

      
        Get our free apps

        	
              
                
              
            


      

    

    
      
        
          Schools
          
            
          
          Topics
                  

        
          
                        Language:
            
              English
              
                
              
            
          

          Copyright azpdf.net © 2024

        

      

    

  




    



  
        
        
        
          


        
    
  
  
  




    
    

    
        
            
                

            

            
                                
            

        

    




    
        
            
                
                    
                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                    

                    
                        

                        

                        

                        
                            
                                
                                
                                    
                                

                            

                        
                    

                    
                        
                            
                                
  

                                
                        

                        
                            
                                
  

                                
                        

                    

                

                                    
                        
                    

                            

        

    


