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ABSTRACT
In this project PLC based Induction motor (IM) monitoring control system has been designed, developed and tested under varying load condition. Also the implementation of the hardware and software for speed control and protection for IM were completed on  induction motor. The PLC function is to correlates the operation parameters to the speed requested by the user and monitors the system during normal operation and under trip conditions.. The availability of drive data, coupled with the software to manipulate, analyze and process the information becomes a powerful source for the user. Performance of the induction motor driven by Sensorless control AC drive proves to be more robust and reliable for speed control. 

The PLC based control platform makes system to be communicated to other devices on network and making the system more flexible for their operation and control. The motor protection developed in the study is much faster than the conventional techniques and applied to larger motors easily after making small modifications on both software and hardware. Adaptability of the system to be changed for different applications makes the system ready to use on an industrial application.

CHAPTER-I

INTRODUCTION

1.0  GENERAL

In the modern world, the electric machinery and equipments has become an integral part of every industry. The use of electric machines especially Induction Motor (IM) for process control is very common. To enhance the production and product quality, the automation of industrial machines and processes are essential. Programmable Logic Control (PLC) and Variable Frequency Drives (VFD) are being used in industry from a long time as a part of automation. With the change in various field of engineering there is a continuous improvement in control and monitoring techniques of three phase induction motor. The aim of the project is to develop an improved control system for three-phase   induction motor with the use of PLC and Sensorless AC drive. For the control and monitoring of induction motor performance an advanced Supervisory Control and Data Acquisition (SCADA) system is being used.

 1.1    STATE OF ART IN AC DRIVES

1.1.1 V/F Control (Open loop)

To maintain constant flux at a constant, typically at rated value, the stator voltage should be adjusted in proportion to the supply frequency. This is the simplest approach for the speed control of induction motors, referred to as Constant Volts/Hertz (CVH) method. In this case no feedback is required, although in most practical systems the stator current is measured, and provisions are made to avoid overloads. For the low-speed operation, the voltage drop across the stator resistance must be taken into account in maintaining constant flux, and the stator voltage must be appropriately boosted. Speeds exceeding the value corresponding to the rated frequency frat, at, the CVH condition cannot be satisfied because it would mean an overvoltage .Frequencies higher than the rated (base) frequency result in reduction of the developed torque. This is caused by the reduced magnetizing current, that is, a weakened magnetic field in the motor. Accordingly, the motor is said to operate in the field weakening mode. The region to the right from the rated frequency is often called the constant power area, as distinguished from the constant torque area to the left from the said frequency. Indeed, with the torque decreasing when the motor speed increases the product of these two variables remains constant.

A simple diagram of the CVH drive is shown in Figure 1.1 A fixed  value of slip velocity, ωsi, and  50% of the rated  torque, are considered as  the reference velocity, ω*M, of the motor to result in the reference synchronous frequency, ω*syn. This frequency is next multiplied by the number of pole pairs, pp, to obtain the reference output frequency, ω*, of the inverter, and it is also used as the input signal to a voltage controller. The controller generates the reference signal, V*, of the inverter's fundamental output voltage. Optionally, a current limiter can be employed to reduce the output voltage of the inverter when high motor current is detected. The current, idc, measured in the dc link is a dc current, more convenient as a feedback signal than the actual ac motor current. Clearly, highly accurate speed control is not possible, because the actual slip varies with the load on the motor. Yet, in many practical applications, such as pumps, fans, mixers, or grinders, high control accuracy is unnecessary CVH , control can be applied successfully. 
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Fig.1.1  Basic CVH(constant volts/Hertz) drive systeM

1.1.2 Vector Control

Scalar control is simple to implement, but the effect of both torque and flux are functions of voltage or current and frequency this leads to sluggish response and the system is easily prone to instability because of higher order system effect. The torque is increased by incrementing the slip (frequency), the flux tends to decrease .the flux variation is sluggish decrement in flux is compensated by sluggish flux control loop feeding in additional voltage. The temporary dipping of flux reduces the torque sensitivity with slip and increase the response time.

These problems can be solved by vector control method. The invention of vector control in the 1970s and the demonstration that an induction motor can be controlled like a separately excited DC motor. Due to the performance like DC machine vector control is also known as decoupling, orthogonal, or trans-vector control. Vector control is applicable to both induction and synchronous motor drives. Vector control and the corresponding feedback signal processing particularly for modern Sensorless vector control are complex and use of powerful microprocessor or DSP is mandatory. \
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Fig.1.2  A block diagram of Vector Control of Induction motor

Principle of Vector Control

The concept  of vector control can explained with the help of Fig.1.3  where the machine mode; is represented in a synchronous rotating reference frame. The inverter is not shown in figure assuming that it has unity current gain . a machine model with internal conversions is show on the right. The machine terminal phase current ia, ib and  ic  are converted to idss  and iqss component by three phase to two phase . These are then converted to synchronous rotating frame by the unit vector component cosΘe and sinΘe before applying then to de-qe model as shown in Fig.1.3 the controller makes two stages of inverse transformation as shown so that the control currents ids* and iqs* correspond to machine current ids and iqs respectively in addition the unit vector assures correct alignment of ids current with the flux vector[image: image45.png]


 and iqs perpendicular to it . there are two general method of vector control .one is direct or feedback method and other known as indirect or feed forward method. the methods are different by how the unit vector (cosΘe and sinΘe) is generated for the control it should be mentioned that the orientation of ids with rotor flux 𝜳r air gap flux 𝜳m or stator flux 𝜳s is possible in vector control . Rotor flux orientation gives natural decoupling, whereas air gap or stator flux orientation gives a coupling affect which has to be compensated by a decoupling compensation current.
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Fig.1.3  Vector Control implementation principle with machine de-qe model.

1.1.3 Direct Torque Control (DTC)

Induction motors in field-orientation ASDs are current controlled, that is, the control system produces reference values of currents in individual phases of the stator. Various current control techniques can be employed in the inverter supplying the motor, all of them based on the feedback from current sensors. Operation of the current control scheme results in an appropriate sequence of inverter states, so that the actual currents follow the reference waveforms. Two indigenous alternative approaches to control of induction motors in high-performance ASDs make use of specific properties of these motors for direct selection of consecutive states of the inverter. These two methods of direct torque and flux control, known as the Direct Torque Control (DTQ and Direct Self-Control (DSC), 
The basic principles of the Direct Torque Control (DTC) method, proposed by Takahashi and Noguchi in 1986. Stator flux is a time integral of the stator EMF. Therefore, its  magnitude strongly depends on the stator voltage. Developed torque is proportional to the sine of angle between the stator and rotor flux vectors. Reaction of rotor flux to changes in stator voltage is slower than that of the stator flux. Consequently, both the magnitude of stator flux and the developed torque can be directly controlled by proper selection of space vectors of stator voltage, that is, selection of consecutive inverter states. Non-zero voltage vectors whose misalignment with the stator flux vector does not exceed ±90° cause the flux to increase. Non-zero voltage vectors whose misalignment with the stator flux vector exceeds ±90° cause the flux to decrease. Zero states, 0 and 7, (of reasonably short duration) practically do not affect the vector of stator flux which,  consequently, stops moving. The developed torque can be controlled by selecting such inverter states that the stator flux vector is accelerated, stopped, or decelerated.

Block diagram of the classical  DTC drive system is shown in Figure 1.4. The dc-link voltage (which, although supposedly constant, tends to fluctuate a little), Vi, and two stator currents, ia and ib, are measured, and space vectors, [image: image48.png]
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,  of the stator voltage and current are determined in the voltage and current vector synthesizer. The voltage vector is synthesized from Vi and switching variables, a, b, and c, of the inverter,, depending on the connection (delta or wye) of stator windings. Based on Vs and is, the stator flux vector, λs, and developed torque, TM, are calculated. The magnitude, λs, of the stator flux is compared in the flux control loop with the reference value,[image: image52.png]


 , and TM is compared with the reference torque,[image: image54.png]


 , in the torque control loop.
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Fig.1.4 A block diagram of DTC Drive.
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Fig.1.5  Dynamic T-model of the induction motor

The stator and rotor fluxes are related to the stator and rotor current as,
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                                                           (3.1)

The stator flux can also be obtained from the stator voltage and current as ,
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 = vs –Rsis                                                                                                           (3.2)   
λs =[image: image66.png]t
Jy(vs — Rgig) dt



 +λs(0)                                                (3.3)

while the rotor flux
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Finally the developed torque can be expressed in several form such as

 TM =[image: image70.png]


pPIm{isλ*s} =[image: image72.png]


pP(iqsλds -idsλqs)                                                     (3.5)

TM =[image: image74.png]


pP[image: image76.png]


 Im{isλ*r} =[image: image78.png]


pP[image: image80.png]


 (iqsλqr -idsλqr)                                       (3.6)

TM =[image: image82.png]


pPImLm{isi*s} =[image: image84.png]


pP(iqsidr -idsiqr)                                                    (3.7)
1.3.2. SENSORLESS CONTROL

The position, speed, and flux sensors enhance operating characteristics of induction motor drives, but they also increase the cost of the drive and spoil the inherent ruggedness of the induction motor. Therefore, the so called Sensorless drives have been receiving a lot of attention.  Sensorless drives are still equipped with voltage and current sensors, signals from which are used in control algorithms. These sensors are inexpensive and installed away from the motor, usually within the power electronic circuitry.  Typically two current sensors at the inverter output are employed, while a single voltage sensor measures the dc-link voltage. Individual phase voltages can be reconstructed from dc-link voltage  and switching variables, of the inverter. The same switching variables and a single current sensor in the dc link can be used to reconstruct individual phase currents. Although speed sensors are seldom employed in scalar-controlled and the term Sensorless is customarily limited to vector-controlled ASDs. The principle of direct-field orientation can be employed if a sufficiently accurate estimation of one of the flux vectors is available. Still, speed ranges of Sensorless drives are significantly narrower than those of drives with sensors, because of the difficulties in Sensorless control at low speeds. On the other hand. most practical applications of ASDs, such as the ubiquitous pumps, fans, blowers, and compressors, do not really require the highest quality of operation. Apart from scalar-controlled drives with slip compensation, in which the steady-state speed of the motor can quite precisely be controlled by adjusting the supply frequency, Sensorless drives employ a variety of estimators and observers of motor speed, torque, and fluxes. An estimator calculates a given variable in a feed forward manner, that is, using appropriate motor equations into which the measured values of stator voltage and current are substituted.

1.3.2.1 Speed Estimation Methods

There are several  techniques used for induction motor speed estimation . There are usually based on two or three independent estimators, whose output signals are compared. Their difference, analogous to the control error in closed-loop control systems, is used to adjust signals in the observer until the error is minimized.

· Slip calculation

· Direct synthesis from state equations

· Model Reference Adaptive System (MRAS)

· Speed adaptive Flux observer (luenberger observer)

· Extended Kalman Filter (EKF)

· Slot harmonics

1.2  MONITORING AND CONTROL OF INDUCTION MOTOR

Monitoring and control of the performance in  the AC drives under different condition is carried out using PLC-Based controller. Programmable Logic Controller (PLC) is an electronic device that control machines and processes. It uses a programmable memory to store instructions and execute specific functions that include ON/OFF control, timing, counting, sequencing, arithmetic, and data handling. The inputs (switches, buttons, speed regulator, speed sensor ) are connected to the input module of the PLC  and the outputs (lights, auxiliary contactors , relays ) are connected to the output module of the PLC. Based on the hardware diagram a logic program is being developed and downloaded in the memory of the PLC. Once the program is downloaded and PLC in RUN mode the system will works automatically on user defined instruction. Remote controlling of the system can be provided by introducing monitoring and control software which will communicate through PLC. 

PLC can be easily interfaced with devices, it can be used as a standalone system or in network. PLC support mostly all types of communication system present in an industry. The flexibility to use PLC in any type of system makes it a very useful device on the industrial platforms.

Real time controlling and monitoring of the system is being done by SCADA Software. SCADA (Supervisory Control and Data Acquisition) provide the supervision of the system in form of graphical animation and data trends. Graphs.

One main feature of the SCADA is alarming. Tripping or alarming feature leads to decrement in the unnecessary shutdown or accidental condition. 

PLC provides a base platform to all the devices, communication and real time control and monitoring software. System designed is highly reliable and flexible. System can be configured to any application just by changing the program of PLC.

1.3   SCOPE OF PRESENT WORK

1. Sensorless control system has been implemented for the controlling of the three- phase IM. As there is no sensor or encoder used in this control system the designed control system is highly reliable. Use of the advance Sensorless drive is more robust and reliable for industrial processes, The performance of IM with Sensorless this control system has been analyzed in details. 

2. PLC based control system gives high amount of flexibility in operation and control of thyristors. Devices can be connected at input , output and the network module of PLC. Use of PLC made the system to be configured for different application just by changing the program of the PLC. Diagnosis of the whole system can be done by the led indication at the modules of the PLC. All the input output status can be easily seen by the LED indicators.

3. Ethernet connectivity of the system provides the system to be connected to different networks present. Ethernet cable connected to the PLC can be connected to the LAN and further to the WEB. This makes the system to be monitored and control from any place either in a local area network (LAN) or web based network.

4. Real time controlling and monitoring software SCADA, provides a supervision of the system in form of graphical animation data trends and graphs. In case if emergency alarming and tripping can be done by the use of SCADA which makes the system safer.

5. The use of HMI in the system makes it much easier to operate at the field level. HMI based system are more controlled , as the visual supervision and graphical supervision are being present at the field level. HMI based system in  places where the environment is not user friendly like high/low temperature , industrial toxic gases in such system operator can work easily  by maintain a certain distance. 

1.3 CONCLUSION

This chapter describes various controlling methods of controlling AC  drives. Every control technique have  some advantages and some draw backs. , based on the type of application  the control method for an induction method is opted. Once the control methiod is decided the monitoring and control is being developed for the suceessful operation of system..This chapter gives outline of the project design and the scope of the work done.

CHAPTER II

LITERATURE SURVEY

2.0 GENERAL

This chapter intends to give a brief literature review of the work being carried out on PLC based industrial automation. The use of  PLC with power electronics in electric machines applications has been introduced in the manufacturing automation. This offers advantages such as lower voltage drop when turned on and the ability to control motors and other equipment with a virtually unity power factor. With the use of PLCs in automation processes there is decrement in production cost and increment in quality and reliability.

2.1 LITERATURE SURVEY

2.1.1 PLC Applications in control Electrical Machines.

Maria G. Ioannides et al.[1]  I. CQolak et al.[2], describe the  implementation of a monitoring protection and control system for the induction motor based on programmable logic controller (PLC) technology . In these papers a well designed automation system is being developed to monitor the working of the three-phase induction motor. The ladder logic based algorithm in accordance with the monitoring control software module provides all the functional parameter and the working performance of the motor. This system also provides us all the protection (over current, over voltage, over load) to the induction motor necessary for safe operation of induction motor. The monitoring system provides all the necessary data at the computer screen in form of graphics and statistical data which is easily to analyses the performance of induction motor. The solution of various faults of the phase currents, phase voltages, speed, winding temperatures of an IM occurring in operation have been achieved with the help of the PLC and they have been monitored on PC. If any fault is observed during any action of the motor, a warning message appears on monitor and then motor is stopped. The test is successful and the protection system shows a good performance in detecting the faults and in clearing them. Also here one can easily analyze its load characteristics frequency and its effect on the power quality. The use of plc made the system more reliable and flexible to use here we can easily analyze the system behavior in real time and one  can change the system parameter and it function according to need. The paper shows comparable study of working of the induction motor with PLC and with that to the conventional V/ f control system The efficiency of PLC control is increased at high speeds up to 95% of the synchronous speed. Thus, PLC proves themselves as a very versatile and effective tool in industrial control of electric drives./
A.R.Al-Ali et al.[3] presents the power factor improvement for a 3-phase induction motor using PLC . In this system voltage to frequency ratio is constant for maintain maximum torque .This system consists of S7-300PLC which has been used to energize capacitors in each phase allocated in binary ratio with the help of voltage triac switches.  The major features of the system is interlocking, i.e., disabling the controller until it detects currents, voltage, frequency, and power factor angles, switch failure detection, alarm and display, monitoring voltage to frequency ratio constant during correcting the power factor, also the independent control of reactive currents in each phase and maximum compensation even when switch failure occurs.

A. M. Graham et al. [4] in this paper Successful implementation of the fuzzy method for speed control of a DC motor / generator set using a general-purpose PLC has been demonstrated.. The speed control algorithm was accomplished from within the standard PLC ladder-logic. The fuzzy speed control implementation was conducted on 1150r/min separately excited dc driving motor connected to a three-phase 1200r/min ac synchronous generator. The angular speed of separately excited DC motor can be controlled by varying the armature voltage supply, while maintain constant field current. PLC utilizes the high speed counter input module and optical encoder to track speed of the machine in r/ min.

Adel A. Ghandakly et al.[5] this paper describe the incorporation of an adaptive controller based on the self-tuning regulator technology into an existing industrial PLC. The system consists of an AB PLC system and a DC field controlled . The PLC will include an AB PLC 5\11 processor along with a 12-bit analog input card and a 12-bit analog output card. Both analog cards will use a 1 - 5 volt signal for full range. The adaptive controller will be incorporated in the overall PLC system. PLC was programmed in the conventional Ladder Logic programming method. It is necessary to add only two rungs of Ladder Logic to call the adaptive control algorithm when this form of control is desired. First rung is the timing rung which controls the sampling period. This rung is enabled when the operator request adaptive control. When the timer completes its cycle it enables the second. The validity of the algorithm was studied by applying it to two motor operating modes. Simulation results show that the techniques is very effective. The computational requirements of the proposed regulator are suitable for real time implementation.

Akram Hossain et al.[6] this paper describes the working of  SRM , it is an electric motor in which torque is produced by the tendency of its moveable part to move to a position where the inductance of the excited winding is maximized. The term switched reluctance means that when current is applied to a stator phase of the motor, the rotor pole aligns to that phase to create a minimized flux path reluctance or maximized inductance. Switched Reluctance Motors is an alternative to adjustable speed ac and dc drive. Further in this paper  implementation of plc based integrated controller for SRM,for performing the functions of switching  & controlling torque & speed. The integrated controller using PLC has four inputs velocity command it control the turn-on delay and dwell counter clock frequency. Turn on delay count input control the time by controlling the amount of count dwell count inputs. Torque command this input controls the PWM chopping frequency. The phase turn-on time from the dwell counter is chopped to control the actual amount of average dc voltage to SRM. Output from the integrated PLC controller is interfaced with the power controller high speed opto-isolator.

J.F. Gieras et al.[7] this paper describes the  application of  a linear induction motor for passenger elevators using  a PLC  control of the drive. The system include a pc based data acquisition system  to monitor and control the performance  of the drive elevator system .The input frequency signal is the analogue signal generated by the PLC and sent to the inverter. Since the inverter is set to keep a constant voltage to frequency ratio, this input signal is proportional to the desired velocity of the LIM. A single-sided LIM is a suitable electric motor for the use in modern elevator systems. The position feedback based on PLC method has provided a most and accurate system. The dead band is also taken in account  in the digital control Also with the use of the PLC provides a simple, reliable, cheap, accurate, and safe means of control.

Jin-Yi Jyang et al.[8] This paper presents the design and implementation of a complex programmable logic device (CPLD ) based vector control IC for 3-phase PWM inverters.The vector control integrated circuit uses a CPLD and integer arithmetic for the voltage or current regulation of three-phase PWM inverters .The CPLD is having  very high gate counts, this makes it possible to implement complex control algorithms. Main consideration in designing this vector control IC, simplify the system design and improve voltage/current vector control performance. A new structure to implement full digital voltage/current vector controller in stationary and synchronous reference frame has been presented. Due to the high performance parallel computation ability of CPLD, the sampling rate of current loop can increase significantly, and as a result, the current loop bandwidth is only limited by the connected power stage.

M.G. Ioannides [9] in this paper a digital controller for the variable voltage - variable frequency - variable phase angle power converter has been implemented. The configuration and the control technique for generating the desired voltage waveforms have been presented. The function of the digital controller of  the power converter is to provide the on line speed and power factor regulation.  This scheme has an accurate voltage output with very low harmonic content, a good resolution for the phase angle regulation and the frequency control with the possibility of range extension. The controller simplifies the design against the complexity of the calculations, obtains optimal power factor for the operation of the machine and gives a friendlier working environment to the operator.

2.1.2 PLC application in Power Management.
Robert A. et al. [10] Hanna presents the PLC application in a electrical distribution system of a refinery. The power distribution of the refinery face problems of severe voltage dips or short duration power interruptions, on-line starters de-energize and motors stop resulting in plant upset. In order to minimize the impact of momentary power disturbance, it is highly required that motors used for critical services be restarted automatically and sequentially. By the use of PLC in the system the main problems solved are  monitor the running status of all critical conditions , limits the motor  starts per hour   make allowances for the possibility of a second power drip during reacceleration providing flexibility in motor starting sequence , ensure line voltages have recovered to acceptable limits prior to starting motors of a lower priority or position in a sequence.

Peter E. Sutherland et al. [11] propose the use of PLC as load shedding in steel plant. Steel mills requires  a large amount of electrical energy for the process operations such as blast furnaces and rolling mills. This is done  by  generation of electricity ,thus reducing dependency on a single grid source. Steel mills are, in many cases, large self-generators of electric power for economic reasons as well, due to the availability of coke oven gas, and blast furnace gas as fuels . The large variation in terms of power import and export results in the need for a load shedding scheme. There are two major types of load shedding systems in use, the under-frequency relay and the PLC system. With the under-frequency relay, the load is shed in predetermined blocks after the frequency has fallen below certain set points. Time delay is built in to avoid disoperation during normal frequency variations. With the PLC system, the breaker positions, generator status, and power flows are continuously monitored. The PLC maintains a table of scenarios and calculated responses. For each of these responses, the load will be matched to the generation once the switching is executed. PLC systems are superior to under-frequency relays in the accuracy and speed of their response.

2.1.3 PLC Application for Process Automation

Andrew Davis P. Eng et al.[12] show a paper that uses PLCs in diesel generating stations to decrease production cost and to increase quality & reliability. In this paper incorporating automatic features of modern diesel generating stations. The modern PLC based control system provides many advantages ,Reliable control system components, industry standard hardware and software, a network infrastructure for future control scenarios, computerized maintenance systems, direct link between plant floor and head office. The following points identify areas that are improved by a modern control system Decreased equipment maintenance costs and better maintenance through historical data collection, trending and data logging of maintenance criteria decreased maintenance call-out cost or/and reduced call-outs (as simple as remotely closing a feeder); faster system trouble shooting because the system provides real time diagnostics; an increased ability for operators to anticipate load swings through trending and reporting; decreased blackouts, with increase recovery, automatic generation of reports.
Zhao Futao et al.[13] in this paper  PLC control system is applied to main feed water process of nuclear power plant, designing   a structure that the alternative system is a hot backup to the operating system between PLC and the original analog instrument control system, overcome the old  control module and implement an advanced digital control algorithm to improve the control performance simultaneously . After implementing the system  remarkable results came into view  Performance results show that the PLC system is developed successfully. Switch between PLC and the original instrument system is smooth. Water levels set point perturbation response curves are superior to that of old system. Alarm limitation under 75% plant power trip test. Moreover, as plant power escalating from 10% to 105%, levels were controlled automatically without any manual intervention.

Masao Ogawa et al.[14] present a application of PLC in process plant of beer Beer Brewery process. To provide the process plant a cost effective and flexible system PLC based automation system has been developed. The major role of PLC in the entire system is to integrate the PLC system to the PID control loop function , monitoring and control for tank selection , hierarchical network topology according to the transmission purpose. Other  functions which is realize after the using of PC-PLC based system are - Mobile operation terminals using new IT - Alarm notification ,using the premises PHS and IP phone- Facility monitoring system with network camera - Specific and dedicated units operation support. These all the features  provide the plant with very high speed of manufacturing and quality product.

Gabor A. Biacs et al.[15] describe the working of PLC in textile industry for controlling of rotating iron press which is connected to the pneumatic cylinders .The main features of using PLC is to rotate and turn the table and also the steaming and  moisture controlling . The system is very complex as it include high degree of control using pneumatic cylinders valves temperature specification vacuum sealing .the most important feature that has been used here is the use of timing and sequencing operation of plc of the entire system. A control algorithm has been developed depending on position of the sensors and the position of the control valves and actuators and its being implemented on the PLC in form of ladder logic. The use PLC in this system provide a high degree of accuracy and flexibility

Hyung-Ju Kim et al.[16] give a detail of working of PLC in a disassembly plant. disassembly processes have very wide product variety, uncertain product amounts, and product conditions after use. This causes a demand on higher flexibility in disassembly systems than assembly systems. A new approach in the field of control techniques is the development of a flexible control system that is able to generate the control code online because disassembly objects vary from each other in terms of geometry, material, product condition, etc., The control commands have to differ from case to case. The online code generation is able to facilitate that. The disassembly system should be able to adapt to a wide variety of disassembly objects, uncertain product conditions after usage and uncertain product amounts to be disassembled. In this study, the generation of flexible control sequences for a partly automated disassembly system has been presented, which can cope with the disassembly object variety, different product conditions, as well as product amounts.

P. K. Yue et al.[17] this paper shows the design and implementation of a fuzzy controller using an industrial PLC based system for an industrial steam dryer. The system design includes the analysis of the plant and the existing control system identification of performance targets with respect to steady state performance, load variation, input and output disturbance, real-time performance of the system, fail safe operation and evaluation of the system. The system is a batch process, with a constant 0flow of feed input. The moisture content of the feed input will be extruded in the steam heated rotating drum. The process aims to control the moisture content of the output given variable input moisture content. The input and output moisture meters are infrared moisture sensors, each calibrated to the normal operating ranges of the input and output feed. The steam heated rotating drum is heated by steam that flow around the surface of the drum. The steam flow

can be controlled by an equal percentage valve. The valve is voltage-controlled from 2.5 - 7.8V with response time of 2 - 5 seconds and hysteresis of 0.25V. A fuzzy PID controller has been designed and implemented for a steam heated oven  using an industrial standard PLC. The process analysis, controller design has been presented. The industrial PLC has proved to be productive tool for the implementation of such controller. It offers both reliability and quick implementation of fuzzy inference engine and knowledge base.
He Fang et al.[18] in this paper working of industrial stacker crane is being described. The implementation  of Fuzzy-PID controller in the PLC control system of stacker crane is introduced. The essential function of the stacker crane is to move carrying goods along the aisles of high layer fixed shelves and accurately complete storage and retrieval operation. During this control process, the key control technologies mainly three parts. The first is the orientation precision. The second is the control performance of speed, and the third is the safeguard of goods when they are carrying. In order to improve the real-time response ability of the PLC control system of stacker crane, the table of fuzzy control response is obtained by calculating offline firstly, and then, this fuzzy control response table is stored into data block (DB) of the PLC control system, the fuzzy control of the speed of the crane is realized by method of looking up table. Simulation shows that the double model fuzzy logic controller can eliminate steady state error and overshoot phenomenon. In addition, it can meet the control demand of the aisle stacker crane, and improve the work efficiency of the stacker crane.

2.1.4. PLC Application for Real Time Remote Control and Monitoring

AKRAM HOSSAIN et al.[19] designed  a  software based dynamic model is so that a total monitoring and control system is being developed . The dynamic model was interfaced with a real-time industrial process control setup through a programmable logic controller (PLC)system. By developing such system   Monitoring and controlling are performed through computer animated graphics. High level definition and simulation capability of the real time process are useful to detect any error before the actual implementation. Recording and displaying of process variable are done during runtime and as well during reporting time, without interrupting the control of the process. The   statistical process control capability increases predictability of the process, thus minimizing extraneous effects on product quality. Predicts deterioration of certain equipment, thereby minimizing the unscheduled maintenance.

Curtis Parrott et al.[20] this paper describe the  advanced PLC’s features and its computational power. Modern PLC are providing an ideal platforms for exploring advanced modeling and control methods, including computational intelligence based techniques such as neural networks. Techniques which  require fast floating-point calculations that are now possible in real-time on the PLC. The design and implementation of a neurocontroller consisting of two neural networks, one for modeling and the other for control, and the training of these neural networks with particle swarm optimization is presented in this paper on a single PLC. The neurocontroller in this study is a power system stabilizer.  The PLC platform is a tried and true platform for control and automation. Due to its design, it has many advantages over general purpose computer, DSP, and FPGA array based control systems. The PLC is designed to be in an industrial environment and is built to withstand this environment which can contain electrical noise, electromechanical interference, mechanical vibrations, extreme temperatures above 140 degrees Fahrenheit and non-condensing humidity of 95% . Other platforms . The PLC platform can be extended to implementations of intelligent techniques for many more applications including control of induction motors, permanent magnet synchronous motors, and their fault diagnosis and prognostics, and wide area power system monitoring and control.

T. Moller et al. [21], Annerose Braune et al. [22] present a very new application of PLC . remote control of machines and equipments from a remote place . He has put some power electronic devices such as frequency converters for torque control and load balancing between two frequency converter electrical drive in a laboratory and control this using PLC  at remote location. Fig.2.1shows   Web-enabled PLCs used in the designed remote laboratory environment have I/O interfaces, allowing them to be connected to voltage, current and movement sensors; actuators in the form of converters;  measuring instruments. The PLC can communicate with control objects over Ethernet or using digital and analogue I/Os. Some data monitoring and charting can also be realized over frequency converter’s or soft starter’s remote HMI (Human-Machine Interface), where IP addresses and other network parameters can be specified, the HMI is also used for local control, monitoring and parameterization. PLC based control provide real-time control and supervision , flexibility for system expansions and experiment exchanges, easy integration with industrials system
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Fig.2.1 Remote monitoring and control of process.

Zhang Lieping et al.[23] develop a communication channel between PLC and MATLAB software. Using this channel configuration for real-time communication on Ethernet with the OPC(OLE for process control)  server. MATLAB software provides Siemens S7-300 PLC to integrate through its input output channel. With the use of MATLAB OPC toolbox function of exchange real-time data can be attained between MATLAB and S7-300 PLC. The proposed method can be used to realize data process and advanced control in industrial to improve the quality of control. MATLAB OPC Toolbox offers lots  OPC tool functions, that  make the user can simply and conveniently realize the operation to the OPC objects. This makes simplifying the process of development and provides an effective method to realize the remote real-time communication between MATLAB and process devices. The method about remote real-time communication between MATLAB and process devices has its representativeness and has a high value to the study and exploitation of real-time system.

2.1.5. PLC application in Electronics Devices and Robotics.

.

Dong-I1 Kim et al.[24 ] this  paper  includes machine tools with improved precision computerized numerical control (CNC) due to the use of PLC. The path error, which actually represents the machining accuracy, due to exponential acceleration/deceleration is shown to be largest for the same acceleration/deceleration time while that due  to parabolic acceleration/deceleration is shown to be smallest. It is also shown that the path error for the  acceleration/deceleration method before interpolation is smaller than that for the acceleration/deceleration method after interpolation. Also the backlash compensation method is discussed, which eliminates errors in circular cutting on reversal of the rotational direction of the motor. Experimental result demonstrates that backlash can be compensated to a desirable degree by the developed CNC after  using plc based interpolation method in CNC machine.

A.S.ZEINELDIN et al.[25] describes the use of  an industrial PLC  for controlling stepper motors in a five-axis rotor position, direction and speed, which leads in reducing the number of circuit components, lowering the cost, and enhancing reliability. Main consideration of the system are performance must be reached optimizing the productivity of the machinery, Depending upon the input status of these sensors the outputs of the PLC may be switched on to energize motors, relays, valves etc. to control the machine or process. PLC for controlling the five axis robotics (It contains of 5 stepper motor). The robustness of the PLC controller has been achieved by rotating the motor in clockwise direction then reverse its direction in anti-clockwise.  Consequently, the PLC controller seems to be a simple tool for controlling robot by extremely simple ladder logic programming
Wang Huiqiang et al.[26] give detail of  a PLC based system for belt grinder. This new type of belt grinding, which uses PLC as the control system core, and use the frequency converter to achieve the speed of the belt steeples adjustable and automatic control. This new type machine which can replace the belt On-line, and change the operating parameters on-line. The system executive component has a three-phase electric motor and one step electric motor. The three-phase electric motor uses the frequency changer to change the velocity, step electric motor also to use the special-purpose actuation driver to carry on the segmentation. The control center of controller needs to provide the appropriate signal, causes the electric motor and step electric motor coordinate to move, completes the grinding movement. The control system mainly by the touching screen, PLC, the frequency changer, step motor driver, the speed examination electric circuit, the position examination electric circuit. The master control programs corresponds with the touching screen and receive control information from the touching screen after on the system initialization. With the use of touch of touch screen the process is more easier to use and the whole system is more stable and reliable

Cemil Sungur et al. [27] present the use of PLC in sun-tracking system  for generation of electricity using photovoltaic. The amount of electrical energy which will be obtained from PV systems is directly proportional to the intensity of the sun light which falls on the panel.The change observed in sun light does not occur linearly, for this reason it is desired that the solar panels be have a system which will  tracks the sun. Sun-tracking systems are designed in a way to track the sun on a single axis (according to the azimuth angle) or in a way to track the sun on both axes (according to the azimuth and solar altitude angles). For the control unit, Siemens (SIMATIC) S7 200 PLC and EM 232   analog module which had two analog inputs and two analog outputs and which was connected to the PLC were used. It is possible to receive the 2–10 V DC control signal required for the actuator motors from the two analog outputs existing on the analog module. Siemens S7 200 PLC includes a built-in real time clock and it is possible to adjust the clock for year, month, day, hour, minute and second. A control program was written on PC by using Symantec S7-200 software and was loaded on the PLC via serial port. It was shown that the analog output signals of the PLC analog module changed at every hour and the PV panel tracked the sun on both axes with these signals given to the actuator motor. The experiment shows, 42.6% more energy was obtained from the PV panels which tracked the sun on two axes when compared to the PV panels at fixed positions.

Xiaoling Yang et al.[28] design a elevator system for 2 nine- storey building . The basic idea of developing in the elevator is “minimum waiting time" to run 2 elevators in parallel mode.The electric power driving system includes: the elevator car, the traction motor, door motor, brake mechanism and relevant switch circuits. . The input signals are, operation modes, operation control signals, car-calls, hall-calls, safety/protect signals, door open/close signal and leveling signal, etc. All control functions of the elevator system are realized by PLC program, such as registration, display and elimination of hall-calls or car-calls, position judgment of elevator car, choose layer and direction selection of the elevator, etc. Comparing to the nonparallel running before the implementation of this system the average waiting time and maximum waiting time of down–peak and the up–peak are much improved. The results have showed the better performance of the improved control system.

2.1.6. PLC  Programming and its architecture

T. Krairojananan et al.[29].  J.J. Harris et al. [30]. these  paper describes the basic work and function of PLC. Advancement of plc and in its architecture This PLC compose of several card with function. The main processor card determine the efficiency of a PLC. The conventional ASIC-based processing is partially replaced by MPU-based processing, and the rest of the processing remains assigned to ASIC, which serves as a control co-processor. The new main processor card consisting of an MPU,  a microprocessor has a faster processing speed, larger capacity and lower price than the conventional model, because of the functions of co-processor,  MPU/co-processor configuration and task sharing between them. Programmable Logic Controllers (PLC) are normally programmed by using ladder diagrams which represent the interconnection of the “virtual devices” needed to perform the desired functions. Incorporating the techniques of sequential circuit synthesis into the PLC program generator. The program generator accepts inputs in the form of State Transition Description Language (STDL) statements and its final output is in the form of the target PLC machine code.. A PLC is a dedicated microprocessor that continuously reads inputs and in real-time determines new outputs. The outputs are based on inputs and the previous outputs, according to its programmed logic. When controlling a system, a PLC repeatedly executes a scanning cycle. One scanning cycle consists of three steps, reading input values from sensors and storing them in an internal bit table, executing the programmed logic and altering the internal bit table, and writing new outputs to actuators based on the values in the bit table. For the PLC to be an effective controller, the scanning time must be less than the shortest duration time of an input or an output signal. The plc counting times commonly range from milliseconds to tenths of seconds, depending on the processor speed, the program length, and the number of input and output devices.

2.2 CONCLUSION

An extensive  literature review of industrial applications of PLCs is present . Using these ideas the current  project is developed using   PLC-based monitoring and control system for a three-phase induction motor.. The monitoring system should be in accordance with the new technological advancements. Operating condition can be easily configurable that makes the use of  induction motor to be used in wide range of applications.

CHAPTER-III

PLC  BASED MONITORING AND CONTROL SCHEME FOR INDUCTION MOTOR DRIVES

3.0 GENERAL

This chapter describes the details description of the hardware devices used in the monitoring control system for the IM. Programmable logic control is the main device which integrates other devices. HMI is used as manual control at the field level while SCADA terminal on is used as remote level control. AC Drive works as the final control element of the system whose parameter can be changed online/ offline mode. The propose system can be integrated with, LAN or Web  Based.

3.1 PROGRAMMABLE LOGIC CONTROL (PLC)

3.1.1  PLC Definition

Several definition of plc are reported in the literatures.

    1) Programmable Logic Controller (PLC) is an industrial computer that                       accepts inputs from switches and sensors, evaluates these in accordance with a stored program, and generates outputs to control machines and processes.

   2)     Programmable Logic Controller (PLC) is a solid state device that uses soft wired logic contained in the controller’s memory to duplicate the functions of relays and hardwired solid state control devices. In operation, the memory unit sequentially scans inputs ( sensors, limit switches, push buttons, photocells) in cyclic fashion to determine which outputs contacts, motor starters, solenoids, pilot lights, converters, etc.) should be turned on or off. 

3)   Programmable Logic Controller (PLC) is an electronic device that             control machines and processes. It uses a programmable memory to store instructions and execute specific functions that include ON/OFF control, timing, counting, sequencing, arithmetic, and data handling. 

3.1.2 BASIC PARTS OF  PLC
                    PLC is a micro-controller, which has four basic parts as processor , I/O interface, power  and programming module. Processor is a brain of any controller. It controls or makes the decision i.e. gives the output according to command is given to this as input from the interfacing devices. It has power supply, which is given to all parts. Programming device is the device, which help in creating the command, needed to instruct the processor. Fig.3.1 shows block diagram of the various parts and interconnection with direction of the instruction flow. Fig.3.1 shows the various parts of the processor as central processing unit (CPU) and Memory. It also shows various parts of the PLC as Input/output Rack where input/output module inserted. The input modules are connected to the input devices such as limit switches, press switches etc. and output are connected to solenoids, starter, indicators etc. as shown in block diagram. Program panel helps to creating logic, which are understandable to us and convert logic to machine instruction for the processor.  

Fig.3.3  shows the various parts of the processor as central processing unit (CPU) and Memory. It also shows various parts of the PLC as Input/Output Rack where input/output module inserted. The input modules are connected to the input devices such as limit switches, press switches etc. and output are connected to solenoids, starter, indicators etc. as shown in block diagram. Program panel helps to creating logic, which are understandable to us and convert logic to machine instruction for the processor.  PLC has certain advantages such as ease of programming and maintenance. Plc are useful devices in diagnosing the process faults by the indicating light on its modules. Quick installation and adaptable to change for different applications gives a high amount of flexibility. Communication and networking modules are an added feature of advanced PLC.
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                               Fig.3.1 A block diagram of PLC
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Fig.3.2 Block diagram of PLC with interfacing device.
3.1.3  Programming Language
Programming language ha s following functions.

1)   A Program is a user-developed series of instructions or commands that   directs the PLC to execute actions.

2)   A Programming Language provides rules for combining the instructions so            that they produce the desired actions.

    3)  The most commonly used Programming Language is ‘LADDER LOGIC’

Other Languages occasionally used to program the PLC’s include Structured Text  Language(STL) , Functional Block Diagram (FBD).

        3.1.4      Ladder logic
 i)   The Ladder logic programming language is an adaptation of an electrical   relay-wiring diagram, also known as ladder diagram.

ii)  Ladder Logic is evolved from electrical ladder diagrams, which represents how electrical current flows thru the devices to complete an electrical circuit.

iii)  An electrical diagram consists of two vertical bus lines or power lines, with current flowing from left bus to the right bus.

iv)   Each electrical circuit in the diagram is considered a rung.

     v)  Every rung has two components firstly it contains at least one device that is 

        controlled  and secondly it contains the condition(s) that control the device.

Fig. 3.3 shows a view of ladder logic program in this program SW1 and SW2 are two inputs and OVR1 is an normally open contact coil of an overload relay, start is the output Relay to be controlled .The sub block is performing the subtraction operation on  Register x65 and store it to register x54. similarly pump and enable are input signal Which control output signal at Q100 output
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Fig.3.3 PLC ladder logic.

3.1.5 Communication and Networking of   PLC 

Communication and networking of PLC is are added features in modern PLC . it gives PLC  a wide range of applications now the programmer or the supervisor can access the PLC from any place and in any network . As shown in Fig 3.4 PLC  can be easily configured with any device such as VFD’S , HMI. SERVO DRIVE . With this additional feature PLC can be accessed in any local network as well as web based control 
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Fig.3.4  Networking in PLC.

3.2 HUMAN MACHINE INTERFACE (HMI)

3.2.1 Description of Human Machine Hnterface (HMI) 

Operators play an important part in the human-machine dialogue. They must use

the information they have to perform actions that make the machines and

installations run properly without endangering safety and availability. It is

therefore crucial that the interfaces and dialogue functions are designed to ensure

that operations can be performed reliably in all circumstances.

3.3.2 Information flow in the human-machine interface

A human-machine interface  uses two information flows in two

directions:

Machine             Human

Human                 Machine

3.2.3 Role of the operator

The operating interface includes all the functions required for controlling and supervising the operation of a machine or installation. Depending on the requirements and complexity of the process, the operator may have to perform.

3.2.4 Regular process run tasks

Stop and start the process, both steps may include start and stop procedures that are automatic or manual or semi-automatic and controlled by the operator. Operate the controls and make the adjustments required for regular process run and monitor its progress.

3.2.5 Tasks to deal with unexpected events

Detect abnormal situations and undertake corrective action before the situation disturbs the process further (e.g. for early warning of motor overload, restoring normal load conditions before the overload relay trips), deal with system failure by stopping production or implementing downgraded operation using manual controls instead of automatic ones to keep production running, ensure safety of people and property by operating safety devices if necessary.

3.2.6  Important features of human machine interface

· Designed for harsh industrial environments

· Rugged and compact;

· Reliable ergonomic control by keyboard or touch screen;

· Highly contrasted screens for excellent legibility.

3.2.7 Maintenance & diagnostics via the web

· Remote control via Internet Explorer;

· Access to operator console diagnostic information via HTML pages;

· Remote diagnostics.

· Automatic emailing.
3.2.8 Compatible and upgradeable

· API connection available (several manufacturers).

· OPC communication (several manufacturers (OPC server).

· TCP/IP network integration.

· Embedded VB Script.

3.2.9 Innovating HMI concepts

· Decentralized control stations;

· Centralized access to local stations, small control rooms;

· Usable throughout the world over as many languages are supported.

A          3.2.10 Communication and Networking of Hmi

   HMI support various communication protocols such as Ethernet, Profibus, Modbus. Fig.3.5 shows the communication  facilities of the HMI based system. It can be easily configurable with hardware devices such as PLC, AC Drive, Personal Computers, Ethernet Hub, and Web Server.HMI SUU

[image: image89.emf]
Fig.3.5 Communication and networking of HMI.

3.3 PWM BASED THREE PHASE AC DRIVE

3.3.1 SYSTEM DESCRIPTION

The speed of a motor can be controlled by using some type of electronic drive equipment, referred to as variable or adjustable speed drives. Variable speed drives used to control AC motors are called AC drives. AC drives receive AC power and convert it to an adjustable  frequency, adjustable voltage output for controlling motor operation. A typical inverter receives 480 VAC, three-phase,  50 Hz input power and in turn provides the proper voltage and frequency for a given speed to the motor. The three common inverter types are the variable voltage inverter (VVI), current source inverter (CSI), and pulse width modulation (PWM). Another type of AC drive is a cycloconverter. All AC drives convert AC to DC, and then through various switching techniques invert the DC into a variable voltage, variable frequency output.

Pulse Width Modulation Pulse width modulation (PWM) drives, provide a more sinusoidal current output to control frequency and voltage supplied to an AC motor. PWM drives are more efficient and typically provide higher levels of performance. Fig.3.6 shows a typical PWM based AC drive. A basic PWM drive consists of a converter, DC link, control logic, and an inverter.

[image: image90.emf]
Fig.3.6  PWM scheme for AC drive.

Converter and DC Link The converter section consists of a fixed diode bridge rectifier which converts the three-phase power supply to a DC voltage. The L1 choke and C1 capacitor(s) smooth the converted DC voltage. The rectified DC value is approximately 1.35 times the line-to-line value of the supply voltage. The rectified DC value is approximately 650 VDC for a 480 VAC supply. 

Control Logic and Inverter Output voltage and frequency to the motor are controlled by the control logic and inverter section. The inverter section consists of six switching devices. Various devices can be used such as thyristors, bipolar transistors, MOSFETS and IGBTs. The following schematic shows an inverter that utilizes IGBTs. The control logic uses a microprocessor to switch the IGBTs on and off providing a variable voltage and frequency to the motor. 

IGBTs (insulated gate bipolar transistor) provide a high switching speed necessary for PWM inverter operation. IGBTs are capable of switching on and off several thousand times a second. An IGBT can turn on in less than 400 nanoseconds and off in approximately 500 nanoseconds. An IGBT consists of a gate, collector and an emitter. When a positive voltage (typically +15 VDC) is applied to the gate the IGBT will turn on. This is similar to closing a switch. Current will flow between the collector and emitter. An IGBT is turned off by removing the positive voltage from the gate. During the off state the IGBT gate voltage is normally held at a small negative voltage (-15 VDC) to prevent the device from turning on. 

Using Switching Devices Develop AC Output  a example of switching operation has been given below . As shown in Fig.3.7 one phase of a three-phase output is  used to show how an AC voltage can be developed. Switches replace the IGBTs. A voltage that alternates between positive and negative is developed by opening and closing switches in a specific sequence. For example, during steps one and two A+ and B- are closed. The output voltage between A and B is positive. During step three A+ and B+ are closed. The difference of potential from A to B is zero. The output voltage is zero. During step four A- and B+ are closed. The output voltage from A to B is negative. The voltage is dependent on the value of the DC voltage and the frequency is dependent on the speed of the switching. An AC sine wave has been added to the output (A-B)to show how AC is simulated. 

[image: image91.emf]
Fig.3.7  Example showing three-phase switching operation of PWM based AC drive

   Pulse width modulation method. An IGBT (or other type switching device) can

    be  switched   on connecting the motor to the positive value of DC voltage (650

    VDC from  the converter). Current flows in the motor. Fig.3.8 Shows hysteresis 

          band current PWM

control of three phase motor The IGBT is switched on for a short period of time, allowing only a small amount of current to build up in the motor and then switched off. The IGBT is switched on and left on for progressively longer periods of time, allowing current to build up to higher levels until current in the motor reaches a peak. The IGBT is then switched on for progressively shorter periods of time, decreasing current build up in the motor. The negative half of the sine wave is generated by switching an IGBT connected to the negative value of the converted DC voltage. 

PWM Voltage and Current The more sinusoidal current output produced by the PWM reduces the torque pulsations, low speed motor cogging, and motor losses noticeable when using a six-step output. The voltage and frequency is controlled electronically by circuitry within the AC drive. The fixed DC voltage (650 VDC)is modulated or clipped with this method to provide a variable voltage and frequency. At low output frequencies a low output voltage is required. The switching devices are turned on for shorter periods of time. Voltage and current build up in the motor is low. At high output frequencies a high voltage is required. The switching devices are turned on for longer periods of time, allowing voltage and current to build up to higher levels in the motor.

Fig.3.12 show internal architecture of a commercially used PWM drive. This drive can work on the principle of v/f control, advanced vector control and Sensorless control. This drive had a microprocessor unit for estimation speed and flux control in more efficient way. The drive is equipped with serial communication and a display screen to set and read the parameters of the drive.

[image: image92.emf]
Fig.3.8 Shows hysteresis band current PWM control of three phase motor 

[image: image93.emf]
Fig.3.9 PWM Voltage and Current waveform
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Fig.3.10 Internal Architecture of a commercial PWM drive.

3.4  CONCLUSION

This chapter gives a detail description of the hardware devices being used in developing IM monitoring control system.PLC, and Sensorless AC drive function and working principle is being explained in this chapter. Mathematical modeling of induction motor and its control devices  give idea of speed and torque estimation. Commercially available devices and their features give idea to design the IM monitoring control system in more efficient way.

CHAPTER-IV
COMMUNICATION AND NETWORK MANAGEMENT IN SENSORLESS DRIVES

4.0 GENERAL

Advancements in the field of communication and chip based technology gives operator a high degree of flexibility in controlling and monitoring system. These days drives are  digitally controlled which give a high degree of accuracy along with flexibility in operation. Communication and Interfacing of devices makes it easy to use devices on any platform either it is field control or remote control. Device communication and networking is a major part of monitoring control system for IM drives. 

4.1 COMMUNICATION SYSTEM ARCHITECTURE

Communication architecture for monitoring and control of Sensorless drive is shown in Fig.4.1. It comprises of devices connectivity through personal computer and also to communicate with each other. As device connectivity is difficult, there should be a need for choosing best protocols and communication channels. 
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Fig.4.1 Communication System Architecture.

4.1.1 SERIAL COMMUNICATION (RS-232)

RS-232 (Recommended Standard 232) is a standard for serial binary data signals connecting between a DTE (Data Terminal Equipment) and a DCE (Data Circuit-terminating Equipment). It is commonly used in computer serial ports. In RS-232, user data is sent as a time-series of bits. Both synchronous and asynchronous transmissions are supported by the standard. In addition to the data circuits, the standard defines a number of control circuits used to manage the connection between the DTE and DCE. Each data or control circuit only operates in one direction, which is signaling from a DTE to the attached DCE or the reverse. Since transmit data and receive data are separate circuits, the interface can operate in a full duplex manner, supporting concurrent data flow in both directions.

4.1.2 MODBUS-RTU

Modbus RTU is an open, serial (RS-232 or RS-485) protocol derived from the client/server architecture. It is a widely accepted protocol due to its ease of use and reliability. Modbus RTU is widely used within Building Management Systems (BMS) and Industrial Automation Systems (IAS). This wide acceptance to MODBUS RTU’s ease of use. MODBUS RTU messages are a simple 16-bit CRC (Cyclic-Redundant Checksum). The simplicity of these messages is to ensure reliability. MODBUS is considered an application layer messaging protocol, providing client/server communication between devices connected together through buses or networks. On the OSI model, MODBUS is positioned at level 7. MODBUS is intended to be a request/reply protocol and delivers services specified by function codes. The function codes of MODBUS are elements of MODBUS’ request/reply PDUs (Protocol Data Unit).

The Modbus communication interface is built around messages. The format of these Modbus messages is independent of the type of physical interface used. On plain old RS232 are the same messages used as on Modbus/TCP over Ethernet. This gives the Modbus interface definition a very long lifetime. The same protocol can be used regardless of the connection type. Because of this, Modbus gives the possibility to easily upgrade the hardware structure of an industrial network, without the need for large changes in the software. A device can also communicate with several Modbus nodes at once, even if they are connected with different interface types, without the need to use a different protocol for every connection.

    4.1.3 PROFIBUS


PROFIBUS is a smart, field-bus technology. Devices on the system connect to a central line. Once connected, these devices can communicate information in an efficient manner, but can go beyond automation messages. PROFIBUS devices can also participate in self-diagnosis and connection diagnosis. At the most basic level, PROFIBUS benefits from superior design of its OSI layers and basic topology.fig.4.2 shows a Profibus OSI model.

          OSI Model
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Fig.4.2 Profibus OSI model

PROFIBUS networks make use of three separate layers of the OSI Network model. First, PROFIBUS describes the application layer. There are multiple versions of PROFIBUS that handle different types of messaging at the application layer. Some of the types of messaging PROFIBUS supports include cyclic and acyclic data exchange, diagnosis, alarm-handling, and isochronous messaging.

PROFIBUS does not define layers three through six. It does, however, define the data link and physical layers, layers one and two. The data link layer is completed through a Field bus Data Link, or FDL. The FDL system combines two common schemes, master-slave methodology and token passing. In a master-slave network, masters, usually controllers, send requests to slaves, sensors and actuators. The slaves respond accordingly. PROFIBUS also includes token passing, a system in which a “token” signal is passed between nodes. Only the node with the token can communicate. The token passing concept is like the speaking conch; only the person with the conch is allowed to talk.Finally, PROFIBUS defines a physical layer, though it leaves room for flexibility. PROFIBUS systems can have three types of media. The first is a standard twisted-pair wiring system, in this case RS485. Two more advanced systems are also available. PROFIBUS systems can now operate using fiber-optic transmission in cases where that is more appropriate. A safety-enhanced system called Manchester Bus Power, or MBP, is also available in situations where the chemical environment is prone to explosion
PROFIBUS-DP 
This type of PROFIBUS is more universal. Called PROFIBUS DP, for Decentralized Periphery, this new protocol is much simpler and faster. PROFIBUS DP is used in the overwhelming majority of PROFIBUS application profiles in use today. 
PROFIBUS DP has, itself, three separate versions. Each version, from DP-V0 to DP-V1 and DP-V2, provides newer, more complicated features. PROFIdrive was created for motion control applications. Software added to the PROFIBUS DP specification allows the network to achieve precise control of servo motors and other equipment. Thus PROFIdrive can achieve synchronization across the network.
 4.1.4 ETHERNET

Ethernet is a family of frame-based computer networking technologies for local area networks (LANs). The name comes from the physical concept of the ether. It defines a number of wiring and signaling standards for the Physical Layer of the OSI networking model, through means of network access at the Media Access Control (MAC) /Data Link Layer, and a common addressing format. Ethernet is standardized as IEEE 802.3. The combination of the twisted pair versions of Ethernet for connecting end systems to the network, along with the fiber optic versions for site backbones, is the most widespread wired LAN technology.Fig.4.3 shows a Ethernet OSI model

TCP/IP protocol on Ethernet provides all seven layers of the OSI model. Ethernet provides these layers of the OSI (Open Systems Interconnect) model. The Application Layer provides the interface between the user's application and the network through messages. Data is said to move from layer to layer within the seven layers of the OSI model. The Presentation Layer negotiates data exchange formats, also in terms of packets. The Session Layer allows users to establish connections using intelligently chosen names in packets. The Transport Layer provides end-to-end, reliable connections, often in terms of segments. The Network Layer routes data through a large network. The Data Link layer determines access to the network media in terms of frames. Its Media Access Control (MAC) sub layer is responsible for physical addressing. The Physical Layer transforms data into bits that are sent across the physical media. Ethernet and the OSI Model With TCP/IP as its protocol the Ethernet supports the physical and data link layers and supports all seven layers of the OSI model. Several types of Ethernet cables support the physical layer. 
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Figure.4.3 Ethernet and the OSI Model.
  

The Ethernet use Carrier Sense Multiple Access/Collision Detection (CSMA/CD) to supports the data link layer. The CSMA/CD checks the media for other devices before transmitting, managing data collisions and reducing the number of data collisions.TCP/IP and the OSI Model  Ethernet uses transmissions Control Protocol/Internet Protocol (TCP/IP) to provide layers of the OSI model. The four layers of the TCP/IP can loosely fit the seven layers of the OSI. TCP/IP can run on many types of network connection, including Ethernet. Ethernet supports both the Physical and Data Link layers of the OSI model. The Network layer  corresponds with the Internet layer of the TCP/IP  model. Internet Protocol provides this layer, moving data to other devices on the network. The Transport layer corresponds to the Host-to-Host layer of the TCP/IP model. Almost all devices on a TCP/IP network are considered hosts, and this layer communicates data peer-to-peer (or host-to-host). The Session, Presentation and Application layers of the OSI model correspond to the Process/Application layer of the TCP/IP model, providing network services. 

4.2  NETWORK MANAGEMENT SOFTWARE

4.2.1 PLC  Programming and Device integration  software

PLC programming is based on the logic  of input devices and the programs implemented are logical instruction rather than numerical computational algorithms. Most of the programmed operations works on simple state of “on” “off” conditions. PLC offers a flexible programmable alternative to electric circuit relay-based control system built using analog devices. The programming method used is the ladder diagram method. The PLC system provides a design environment in the form of software tools running on a host computer terminal which allows ladder diagrams to be developed, verified, tested, and diagnosed. The ladder diagram is converted into binary instruction codes so that they can be stored in random-access memory (RAM) or erasable programmable read-only memory (EPROM). Each successive instruction is decoded and executed by the CPU. The function of the CPU is to control the operation of memory and I/O devices and to process data according to the program. Each input and output connection point on a PLC has an address used to identify the I/O bit. The method for the direct representation of data associated with the inputs, outputs, and memory is based on the fact that the PLC memory is organized into three regions: image memory (I), output image memory (Q), and internal memory (M). Any memory location is referenced directly using %I, %Q, and %M.

The PLC program uses a cyclic scan in the main program loop such that periodic checks are made to the input variables . The program loop starts by scanning the inputs to the system and storing their states in fixed memory locations . The ladder program is then executed rung-by-rung. Scanning the program and solving the logic of the various ladder rungs determine the output states. The updated output states are stored in fixed memory locations (output image memory Q). The output values held in memory are then used to set and reset the physical outputs of the PLC simultaneously at the end of the program scan. The development system comprises a host computer (PC) connected via an RS232 port to the target PLC. The host computer provides the software environment to perform file editing, storage, printing, and program operation Monitoring. The process of developing the program to run on the PLC consists of: using an editor to draw the source ladder program, converting the source program to binary object code which will run on the PLC’s microprocessor and downloading the object code from the PC to the PLC system via the serial communication port. The PLC system is online when it is in active control of the machine and monitors any data to check for correct operation.

In the present  system programming of PLC is done by  GE-Fanuc’s Proficy Machine Edition 5.90 is being used. This software integrates all the modules connected to the PLC and the devices connected to its networking module  HMI, Sensorless Control AC Drive & Ethernet adapter for LAN network.

4.2.1.1 Programming Procedure of PLC 

1. Creating an empty project with some name say “PLC test”.

2. Adding the controller type in  the target folder and name it for example in our application GE-Fanuc controller 90-30 series and name it as PLC.

3. Adding the Power supply module (IC693PWR330) ,CPU type (IC693CPU374), Digital Input module (IC693MDL645) ,Digital Output module(IC693MDL740), Network module (IC693PBM200).

4. Create a new ladder diagram in logic folder given in left side of the programming window.

5. Save the program and right click on target select “Go online”, if PLC is connection is proper it will show “connected”. If it  show “unable to go online” check all the wiring and module selected.

6. After connecting to PLC in Online mode go to the “Programmer Mode”, after that “Download and Run Program”, software will check the program and if it found correct PLC will be in Run mode which is indicated by green LED on the  PLC.
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Fig.4.4 Software window of  PLC program  in Offline  mode.
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Fig.4.5 Software window of  PLC program  in RUN mode.

4.2.2  MONITORING AND CONTROL SOFTWARE

Monitoring of the system in done by SCADA (Supervisory Control & Data Acquisition ) system. SCADA provide supervision in form of graphical animation and data trends of all the process on the widow of personal computer or the screen of HMI. User define control (start, stop ,speed set) can also be developed on the software window to control the system remotely. Using the SCADA software makes the monitoring of the process very easier and safer. SCADA along with the supervision provides data logging or data acquisition of all the system  parameter in form of graphs trends ,excel sheet.

GE-Fanuc’s Cimplicity 7.5 is being used as monitoring and control software for the system.  A minimum recommended Hardware and Operating System requirements when running a  system.

	Operating system 
	Windows XP with Service Pack 2

	Computer type
	 

	Minimum computer type
	Pentium 4-based 1 GHz

	For optimum performance
	Pentium 4-based 3 GHz

	Minimum recommended RAM
	1 GB

	Minimum recommended free hard disk
	800 MB

	Installation requirement
	CD-ROM drive

	Network communication and certain I/O drivers
	NETBIOS-compatible or TCP/IP-compatible network interface adapter.

	I/O hardware connections
	One direct-connect USB port. (for license keys). Pointing devices, and I/O drivers require a USB port.

	Monitor 
	SVGA or better color graphics monitor and a 100% IBM-compatible, 24-bit graphics card capable of 800x600 resolution and at least 65,535 colors. 


Table 4.1 System requirement for monitoring control software.

4.2.2.1 Development of Monitoring and Control Window for the IM drive system.

1. Creating a new file on the workbench window of the cimplicity software , click on the protocol used . as in our case SNPX . Give some name ‘screen’,  click on the type of application and click on create.
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Fig.4.6 Creating file in Cimplicity software.

2. In  cimplicity workbench window cimplicity project window is open. This wizard guide to configure the controller connected to the protocol as sleeted before, as in our case at SNPX. The wizard configure the communication port , device name, controller type, input addressing , output  addressing memory addressing and tagging is being done for each address. After finish addressing of all the input output memory address click exit.
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Fig.4.7 Cimplicity project start window.

3. Click on the screen icon of the Cimplicity workbench screen, it will ask for permission to start the project, this will make SCADA communication with PLC. Develop a graphical interactive window using object explorer and other application of the software. and click on test screen icon to run the project.
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                                       Fig.4.8 Monitoring and Control window on SCADA.

4.2.3.DRIVE CONTROL SOFTWARE

AC-Drive used in the system is connected to the PLC with the PROFIBUs protocol and where the DRIVE parameter and   data readouts of drive is being done through PLC programming using GSD files. In absence of the GSD files drive can be directly connected to the personal computer using MODBUS-RTU protocol. Drive control software GE-DCT-10 communicate with the drive using MODBUS-RTU protocol. General parameters for the operation can be put in online mode while setup parameters required restart of the drive. Drive parameter can be done with the help of keypad mounted on the drive front end and these parameters and data readout can be seen on the screen.

  Data trends can be visualized by using drive control software 
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 Fig 4.9 Real Time Data trends on DCT-10.

4.3 CONCLUSION

This chapter explains the communication and networking system for the PLC based induction motor monitoring control system. The system designed had a wide range of control operator can control from field, remote and can be in LAN system. The monitoring system give all the parameter to be see online. Parameter setup of motor can be setup online/offline, it make operator to use the system in any desired condition on just single click
CHAPTER-V

EXPERIMENTAL RESULTS AND DISCUSSION ON AC DRIVE SYSTEM PERFORMANCE

5.1. GENERAL

This chapter gives a detail analysis of the control system being designed for the monitoring control  of three-phase induction motor(IM).Various experiments has been performed on the drive  and result has been plotted. The  PLC is controlled  through analog & digital inputs & outputs with varying load torque and speed of the drive and IM are acquired through SCADA of an induction motor. Also the PLC continuously monitors the inputs and activates the output according to the control program. The supervisory control system is being run on the screen of PC. Different  parameters such as voltage current, torque, speed frequency and their effects are analyzed in real-time can be real-time.

5.1.1 EXPERIMENTAL SETUP

The control system is implemented and tested for squirrel cage rotor IM having technical specification given in Table 5.1. The induction motor is attached  to variable load belt and pulley. The three-phase power supply is connected to a three- phase main switch and then to Vector Control Drive (VCD), having technical specifications given in Table 5.2 . The output terminal of vector Control Drive is supplied to the IM. VCD is  interfaced to the PLC-based controller. As a microprocessor based system, the PLC system hardware is designed and built up with certain modules , having technical specification given in Table 5.3.

The system consist of three phase main switch, vector control drive , PLC based controller signals ,lamps ,switches, HMI& speed selector knob are installed in control panel. Electrical diagram of the experimental setup is been show in Fig.5.1.The program is downloaded into the PLC from a personal computer with RS-232 serial interface. A HMI (Human Machine Interface) device is connected to PLC by a Ethernet cable for manual controlling of the motor. The  performance of the motor is being displayed on a Real time software SCADA  provides a supervisory control for the system. SCADA also perform the task of acquiring data in the user defined units.
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Fig.5.1 A Schematic  diagram of experimental setup.
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	Connection type
	   Δ

	Amb. temperature
	50   oC

	Input voltage
	415volts         +/-10%

	Input current
	7Amp

	Rated power
	3.7kW

	Input frequency
	50Hz  

	Pole number
	4 

	Rated speed
	1440rpm

	Efficiency 
	0.85


Table 5.1 Induction Motor specifications

	
	

	Input voltage
	380-480 Vac, 3-phase, 50-60 Hz, +/- 10% 

	Rated power
	4kW

	Input frequency
	50Hz  

	Rated output currents
	16.7Amps

	Overloads current (1min)
	26.72Amps

	Efficiency 
	0.97  @ 5kHz

	Max. breaking Torque
	160%

	Ambient Temperature 
	10° to +50°C (24 hour average max of 45°C)

	Power Factor > 0.9 nominal at rated load
	Power Factor > 0.9 nominal at rated load

	Rated Output Voltage 
	0-100% of supply voltage

	Starting Torque 160% starting torque for 1 minute (constant torque),
	110% starting torque for 1 minute (variable torque)

	Control Method 
	Sinusoidal PWM Control, Sensorless vector, 


Table 5.2 Vector Control Drive Specification

	Power Source
	100-240 VAC or 125 VDC 

	Output Source
	· 30 watts total

·  15 watts 5 V 

· 15 watts 24 V relay 20 watts 24 V isolated 

· 24 VDC Output Current Capacity: 0.8 


Table 5.3 PLC Power Module specification

	Communication type
	Profibus

	Baud rate 
	1.5 Mbps

	Power input 
	5V dc


Table 5.4 PLC Network interface module Specification

	  

	User Logic memory (K bytes) 



	
	240 

	  

I/O Discrete Points 


	4096 

	  

Internal Power Used 


	1.4 Amps @ 5 VDC 

	  

I/O Analog Words 


	2048 In/512 Out 

	  

Total Number of Racks 


	8 

	  

Timers/Counters 


	>2000 

	  

Type of memory storage 


	RAM, Flash 

	  

Processor Speed (MHz) 


	133Mhz 

	  

Built-in Ethernet Ports 


	Ethernet 10/100Mbit with built in switch (2 physical connections). Supports SRTP, Ethernet Global Data, no Channel support 

	  

Communications Option Modules 


	Serial-SNP, SNPX, RTU and CCM, LAN-Genius, Ethernet SRTP and Ethernet Modbus TCP 

	  

Field Busses/Device Networks 


	Ethernet, Genius, Profibus-DP, Device Net, Interbus-S, CsCAN 

	  

Built-in Communication Ports 


	Two Ethernet ports; (one IP address) on CPU, 10/100 Mbps built-in switch, SRTP - channels (consumer only); EGD 


Table 5.4,  PLC CPU specification

	Power Type 
	DC

	Input Voltage Range
	0-30 VDC

	Input Current (mA) 
	7

	Number of Points
	16

	Response Time (ms): 7 on/7 off
	7 on/7 off

	Points per Common: 16
	16


Table 5.5 PLC Input Module specification

	Power Type 
	:DC

	Output  Voltage Range
	12-24 VDC

	Number of Points
	16

	Response Time (ms)
	2 on/2 off

	Points per Common: 16
	8


Table 5.6 PLC Output Module  specification

5.2 RESULTS & DISCUSSIONS

5.2.1 Performance of IM drive motor under no load Condition

Fig.5.2 shows the  experimental performance of the Sensorless vector controlled IM   drive under no load condition. Starting time response of the IM in reaching from zero  RPM  to 1440 RPM is about 8 sec under no load condition  .The current reading in this condition shoots up to 5.2 A in first second and then decreases down to 3.75 A and remain constant. The torque of the IM in the first second  goes negative having magnitude of 3.4 Nm and then changes its direction to positive magnitude of  7.7 Nm at as motor settle to its rated speed torque decrease down to 0.8 Nm. During this period magnitude of the voltage (rms) rise from 0 volt in first second and then rises to 408 volts during starting period of the drive . Frequency performance in the experiment is quite similar to the performance of voltage it will increases linearly  from zero Hz to 48Hz as the IM gets it rated speed  remains constant the frequency also remain constant at 48Hz. The power drawn during  dynamic performance is 0.2  kW and then decrease to 0.1 kW in first second and then increases linearly up to 0.35 kW at the end of the starting period  , as motor reaches rated speed the power will decreases down instantly  to 0.18 kW.  

Harmonic spectrum of the system under no load condition at synchronous speed is being displayed in fig.5.3 THD (total harmonic distortion) current reading is 4.4% of the fundamental , the current reading(rms) 3.6 A and frequency reading 48Hz.

Harmonic spectrum at 50% of rated speed under no load condition has been shown in Fig.5.4THD is 4.7% of the fundamental shown. The Rms current reading is 3.59 Amp and frequency reading is 24.06 Hz. 

Comparing the two reading of harmonics it is observed that a lower current and frequency decreases but the value of harmonics in line current increases this show that at low speed Sensorless drive performance will be affected due to the current harmonics. 
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Fig.5.2 Performance of sensorless vector controlled IM drive under no load 

HARMONIC ANALYSIS
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Fig.5.3 Harmonic analysis of IM at synchronous speed 1440(RPM)  

[image: image116.png]HARMOHICS

5 9 13 17 21 25 29 33 37 41 45 49





 Fig.5.4 Harmonic analysis of IM at 50% synchronous speed 720(RPM 
5.2.3 Performance of motor under variable Torque

Fig.5.5 shows the  experimental performance of the sensorless vector controlled IM   drive under variable load condition. Continuously increasing load is being applied on the IM. The graph has been plot for the load torque varying linearly from 2% to 100% of full load torque or 0.7Nm to 24.2Nm.On applying load torque 100% IM stops and drive trips down as its on torque limit condition  speed performance of the IM is studied very carefully , as the load torque increase there is no change in the speed of the drive and it remains at 1440 RPM as the load torque reach at 87% of full load 20.8Nm speed of IM starts decreasing and reach to zero RPM  at 100% torque 24.2Nm the drive is said to be in locked rotor mode .The current reading in this increases linearly as the torque increased magnitude of current at no load is 3.57Amp it increases linearly up to 6.85A at 87% load torque after this current increase rapidly to 8.5 A at 24.2 Nm and then goes to zero A as drive “trip off condition .During this period the magnitude of voltage varies in between 406 volt  at  to 419 volt. As  drive trips down the voltage magnitude become zero  volt . Frequency performance in the experiment is quite similar to the performance of voltage it will increases linearly  from 48.Hz to 50 Hz as the IM gets trip off the frequency reading goes to zero Hz. The power drawn during  dynamic performance is    0.2 kW at no load condition  and then increases as load torque increases  and magnitude of torque rises to 3.96 kW at 20.8Nm, as drive trip off power will decreases down instantly  to zero kW .

Harmonic spectrum  of the system at 50% load of 12.8Nm condition rated speed is being displayed in Fig.5.6 .THD  (total harmonic distortion)  current reading is “5.9%” of  the fundamental ,  the current reading (rms) 4.57 A and frequency reading is 49.15Hz.Harmonic waveform of the system at 75% load condition  rated speed has been displayed in Fig.5.7 THD  reading is 4.3% of the fundamental, the rms current reading is 5.89 A and frequency reading is 49.75 Hz. Harmonic waveform of the system at 90% load condition  synchronous speed has been displayed in Fig.5.8 threshold current harmonics reading is 3.8% of the fundamental, the rms current reading is 6.74 A and frequency reading is “48.27 Hz”. Comparing the two reading of harmonics it is observed that at higher load torque the value of harmonics in line current increases , this shows that Sensorless drive performance is better as the load torque increases.
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Fig.5.5 Performance of Sensorless vector controlled IM drive under variable load torque at 1440RPM.
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Fig.5.6 Harmonic analysis of induction motor at  50%  load torque ,1440 RPM
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Fig.5.7 Harmonic analysis of induction motor at  75% load torque ,1440 RPM
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Fig.5.8 Harmonic analysis of induction motor at  90% load torque,1440 RPM

Fig.5.9 show the performance of the of the sensorless vector controlled IM   drive under variable load condition IM under variable load condition at 720 RPM. Continuously increasing load is being applied on the IM. The graph has been plot for the load torque varying linearly from 2% to 100% of full load torque or 0.7Nm to 24.2Nm.On applying load torque 100% IM stops and drive trips down as its on torque limit condition  speed performance of the IM is studied very carefully , as the load torque increase there is no change in the speed of the drive and it remains at 720 RPM as the load torque reach at 96% of full load of 23.5Nm speed , IM starts decreasing and reach to zero RPM at 100% torque of  24.2 Nm the drive is said to be in locked rotor mode .The current reading in this increases linearly as the torque increased .magnitude of current at no load is 3.5A it rises linearly up to 7Amp at 96%load torque after this current increase rapidly to 8.5 A at 26 Nm and then goes to 0 A as drive “trip off “condition .                                                    

During this period the magnitude of voltage varies in between 204.7 volt  to 235.6volt. as the drive trips down the voltage magnitude become zero  volt. Frequency performance in the experiment is quite similar to the performance of voltage it will rises linearly  from 24 Hz to 50 Hz as the IM gets trip off the frequency reading goes to  zero Hz. The power drawn during  show dynamic performance starts  from   0.13 kW at no load condition  and then increases as load torque increases  and magnitude of torque rises to 2.19 kW at 23.5Nm, as drive trip off power will decreases down instantly  to 0 kW  the power performance is being function of  the torque of motor. 

The overall trends show that the speed regulation of IM   is better at low speed. Motor speed remain same till 96% load torque .this shows that the drive is effective to be used for low speed condition.  Harmonic spectrum  of the system at 50% load condition at rated speed is being displayed in Fig.5.9 THD reading is “3.3%” of  the fundamental ,the rms current reading is 4.646 A and frequency reading is 37.0Hz.

Harmonic waveform of the system at 75% load condition at rated speed has been shown in Fig.5.10 threshold current harmonics reading is 2.3% of the fundamental, the rms current reading is 5.74Aand frequency reading is 37.4 Hz.Harmonic spectrum of the system at 90% load condition at rated speed has been shown in Fig.5.11 threshold current harmonics reading is 1.9% of the fundamental, the rms current reading is 6.46 A and frequency is 37.7 Hz.

Comparing the  readings of harmonics one can see that as the torque increases the current and frequency decreases but the value of harmonics increases this show that drive performance is better at high load.
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Fig.5.9 Performance of sensorless vector controlled IM drive under variable load torque condition at 720 RPM.
HARMONIC ANALYSIS of IM at 720RPM
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Fig.5.10 Harmonic analysis of IM at  50% load torque,720RPM 
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Fig.5.11 Harmonic analysis of IM  at 75%  load torque,720RPM
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Fig. 5.12 Harmonic analysis  of IM at 90% load torque, 720 RPM.
5.2.4 COMPARISON OF THE INRUSH CURRENT OF THE SENSORLESS VECTOR CONTROLLED IM DRIVE
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          Fig.5.13 Inrush current during  starting of  Sensorless Drive
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Fig.5.14 Inrush current of IM during  direct online starting 

The inrush current magnitude of  sensorless drive for IM is shown in Fig. 5.13. It is observed that  above , it can be seen that by using Sensorless drive there is a large amount of change in inrush current of motor . the magnitude of inrush current in DOL start is 64 A while through Drive it then  comes out to be 6.2 A reducing inrush current to a very large extent.
5.2.5 VOLTAGE AND CURRENT WAVEFORM AT RATED SPEED
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Fig.5.15 Voltage and Current waveforms of IM in DOL mode at 1440 RPM
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Fig.5.16 Voltage and Current waveform of sensorless IM drive at 1440 RPM

Fig.5.14 show the power input to the IM in DOL mode while Fig.5.16 shows the input voltage and current  to the IM with the Sensorless drive. In Sensorless drive the voltage is Sinusoidal PWM and current is close to a sine-waveform.

5.2.6 HARMONIC SPECTRUM OF LINE CURRENT
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Fig.5.16 Total harmonics of the system

The harmonics spectrum  of the system in input line current of the drive is shown in Fig.5.16 the 3rd , 5th  7th , 9th 13th 15th and 17th  harmonic are observed in significant magnitude.. The THD of the panel is 63.8% of fundamental. The rms current drawn by the panel is 0.895 A at frequency 48.90 Hz.

5.3 CONCLUSION

The investigations related  leads to the dynamic performance of the Sensorless drive based IM monitoring control system are obtained and analyzed in detail. it is observed  that the control system designed had good performance, a high degree of accuracy is retained in acquiring data by the monitoring software . The speed performance at different load conditions are present. Overall performance and harmonic analysis of the drive for the  IM operated over a wide speed range and different operating conditions like change in speed , change in load condition and drive trip off condition. It may be concluded that the newly designed and developed Sensorless drive monitoring control system can be effectively used for industrial application

CHAPTER-VI

CONCLUSION AND FUTURE SCOPE OF WORK

1.0 CONCLUSION

          In this project thesis monitoring and control system is designed for sensorless vector control drive. The system is  successfully implemented and tested. After detailed experiment it is observed that proposed system is a feasible method for monitoring and controlling the IM. With the use of Sensorless control the system is more reliable as there is no external sensor involved in the system. The system is not having precise control as compared to other feedback system. The control system designed is based on the most advanced technology which gives high amount of flexibility and efficiency. Effective Speed control especially in low speed is the most efficient feature of the system. 

         Monitoring system gives facility of analyzing data in online/offline mode which makes the system to be safe from any fault/error conditions. LAN connectivity of the system makes the system more flexible and reliable.

1.1 FUTURE SCOPE OF WORK 

           There are various other methods for the control of IM, like Advance vector control , Direct torque control, Sensorless direct torque control. These methods can also be used as monitoring and control system of IM. The monitoring system can be connected to the web, making the system control from any place. The system would be more adaptive so that it can be configured for different type of application such as servo motors, stepper motors etc.
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CATALOUGES

1. CPU module of series 90-30 PLC GE Fanuc, IC693CPU374.

2. Chassis  module series 90-30 PLC GE Fanuc, IC693CHS391.

3. Power Supply module series 90-30 PLC GE Fanuc, IC693PWR321.

4. Digital Input module series 90-30 PLC GE Fanuc, IC693MDL645.

5. Digital Output module series 90-30 PLC GE Fanuc, IC693MDL740.

6. Profibus DP Master Module series 90-30 PLC GE Fanuc, IC693PBM200.

7. Profibus Slave Module ,IC754PBSS01.

8. Sensorless AC DRIVE GE  ,6KGP43005X9RXXA1.

9. QUICK PANEL VIEW-HMI ,IC754VSI06STD.
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