Chapter-1
INTRODUCTION

This project titled virtual SCADA System using LabVIEW is an attempt to simulate power system model and then observing its various parameters. As SCADA system can be used to monitor many types of process like operation of motors, generators, overall plant, EMS etc without a limit in the existence of location and size of process as it can work round the globe by incorporating WAN connections.
This project makes use of some software like Multisim, LabVIEW and Multisim LabVIEW connectivity toolkit. Before taking this project I was totally unaware of the capability of LabVIEW software as I tried over different versions but the older version are not capable of doing the work as my requirements. Fortunately the newly released LabVIEW 2011 and Multisim 12.0 (released in October 2011) is capable of doing most things which I required to do.
Multisim is used to simulate circuitry, whereas LabVIEW executes the control.
Co-simulation applications are typically developed in the following manner. First, the power stage circuitry (the plant of the control system) is designed in Multisim– a SPICE-based circuit design tool. Then the LabVIEW code to control the circuit is developed, placed inside of a LabVIEW Control Design and Simulation loop and connected to the Multisim circuit for co-simulation using a Multisim Design interface block. Co-simulation is executed as a large- signal time-domain transient simulation in which Multisim simulates the circuitry and LabVIEW executes the control system algorithms. The two simulators typically exchange data in a coordinated, variable time step manner, in which both solvers obtain convergence around an accurate simulation result, even in the case where coupled dynamics exist between the Multisim and LabVIEW parts of the system. Thus, it is also possible to include additional plant model dynamics, such as mechanical or thermal models, in the LabVIEW Control Design and Simulation loop and obtain accurate simulation results for the overall system. In LabVIEW, these simulation subsystems are typically expressed in state-space, transfer function or differential equation format.
This simulation of virtual power system helps us in improving the understanding of  power system working and performance and hence improve our belief of the subject.
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					         Fig-1.1
Due to some software limitations some functions are unable to show at this time but as the days pass the additional functions can be easily implemented to the same topic. Let us mention some limitations of this co-simulation project. At first we cannot fix the ratings of three phase supply source until now in the LabVIEW Multisim co-simulation, secondly we cannot use instruments of LabVIEW and Multisim in each other explicitly like the measurement probe what we use in Multisim cant be used in LabVIEW.
Within the limitations in this project I am able to simulate Power Distribution Bus system at 33KV supply and then connected them with LabVIEW and then in LabVIEW under control and simulation I measured bus voltage, current, complex power and power factor and has tries to show load sharing as loads are normally known from load forecasting.
Useful Data Sheet Information:-
http://www.eland.co.uk/documents/ACSR%20Conductor%20Cables.pdf
1. Inductance - single phase, two wire line (total loop value of circuit); (μ°/4∏)[ 1 + 4ln{(d - r)/r} ] Henries per meter run. N.B. μ° = Permeability of free space = 4∏/(10^7): ∏ = 3.14159 : ln = logarithm to base 2.7183... (e): d = distance between conductor centers, r = conductor radius : d & r must be in same units e.g. feet or meters
1. Inductance - 3 phase, Line to Neutral - equilateral configuration (conductor spacing d) = half of value in 1. above. N.B. The neutral is theoretical for a 3 wire line.
1. Inductance - 3 phase, Line to Neutral - mean value for configuration other than equilateral. In place of d, use value D = ³√(d12.d23.d31) where d12 = distance conductor 1 centre to 2 centre, d23 = distance conductor 2 centre to conductor 3 centre, d31 = distance conductor 3 centre to conductor 1 centre.
1. Capacitance - single phase, 2 wire line (remote from earth); ∏εº/(ln{(d - r)/r}) Farads per meter where εº = permittivity of free space (air has relative permittivity of 1) = 8.85/(10^12), other values as in 1. above.
1. Capacitance - 3 phase, Line to Neutral - equilateral configuration (conductor spacing d) = 2 x value in 4. above. N.B. The neutral is theoretical for a 3 wire line.
1. Capacitance - 3 phase, Line to Neutral, configuration other than equilateral - use mean value D in place of d, like 3. above.
1. Approximate parameters for 33 kV 50 Hz overhead line, 2 meter conductor spacing, 5.2 m ground clearance, with 100 sq.mm copper section (13mm diameter), per phase, per kilometer are 0.18 ohms, 1.14 milliHenry and 0.01 microfarad at 20 Celsius.
1. Magnetization losses of steel core affect resistance loss, depending on current, up to about 10% increase over DC. Skin effect has small effect, up to about 1% increase.
Note:- in this project work the approximate design as mentioned under point 7 is used considering 5km  length.
































Chapter-2

LITERATURE REVIEW


Software prototype models are not available for study purpose, but still some literatures are found helpful in developing the idea regarding this prototype model.
In the paper “A Web Based Remote Access Laboratory Using SCADA”. IEEE TRANSACTIONS ON EDUCATION, VOL 52, NO.1 FEBRUARY 2009 [10], Zafer Aydogmus (Member, IEEE) and Omur Aydogmus (Student Member, IEEE) has implemented an experimental setup with real instruments. A standard PLC is used to control of the experimental system. A SCADA was integrated with the system monitor and control the process. A Web-based system, was developed using the Smart Access feature of the SCADA. The equipment used in the experimental setup is shown in figure-2.1.
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    Fig-2.1 Experimental Setup              		      Fig-2.2 Block Diagram of Setup
The components of the experimental setup are:
   1) industrial frequency converter for variable speed;
2) variable ac/dc converter for magnetic powder brake (load);
3) connection terminals with schematic diagram for industrial frequency converter;
4) PC-PPI cable for communication between SCADA/PC and PLC;
5) PLC and analog input/output modules (Siemens S7-200) for control of the system;
6) SCADA screen (WinCC flexible RT);
7) PC (1.8-GHz AMD CPU, 512-MB RAM with Microsoft Windows XP Professional);
8) multifunction display unit for magnetic powder brake;
9) 3-phase measurement for motor current and voltages;
10) 1-kW 3-phase induction motor;
11) magnetic powder brake to serve as a load;
12) incremental shaft encoder for speed data.
Two different types of  control were implemented in  the system to control the motor as follows.
A. Manual control 
Manual control consists of feeding the control inputs given by the user directly to the system without the use of any automatic controller. The user is expected to adjust the values of the control inputs to achieve the desired speed ( by varying inverter output frequency) or load level (the required voltage of the magnetic 

power brake being supplied by the ac/dc converter).
B. Automatic Control (PID Control)
The PID controller can be activated by switching the MAN/AUTO button to AUTO mode. In steady-state operation, PID controller regulates the value of the output so as to drive the error to zero. A measure of the error is given by the difference between the setpoint and the process variable. The principle of PID control is based upon the following equation, that expresses the output, M(t), as a function of a proportional term, an integral term, and a differential term:
M(t) = Kpe(t) + Ki ∫e(t).dt + Kd de(t)/dt.
The Web-based control system presented here consists of a client user, a Web server and an Internet connection. The client user can access the real-time laboratory via a Web server; and this architecture is shown in figure 2.3. Multiple clients can access the Web server simultaneously, and use the information pages on the website. Since the real time laboratory consists of real equipment used for the practical lab oratory, only one client at a time can access the laboratory, using a password protection feature.
The client accesses the lab via the web server through a URL address, which activates the web server redirects the client to SCADA. Data exchange occurs according to the request response method. The HTTP client sends a request to the HTTP server which processes it and returns the response. The client and server establish a connection via the Ethernet interface for data exchange.
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Figure-2.3 Web-based remote access real-time laboratory scheme.

This distance education lab offers a complementary tool to the physical Process Control laboratory. The student must read the lecture notes given on the Web pages and perform the experiment via the Internet at least once before attending the lab in person, for maximum efficiency. Then, each student must per- form the experiment on their own. Comparing students who did or did not use the remote lab, those students who took the re- mote lab were observed to perform better than those who did not. Also, there was a reduction in some common troubles such as connection mistakes, measurement reading errors and over loading. Usually, students do not have enough time to complete their experiments in the actual lab. Taking the remote lab was ob- served to reduce the time students required to complete the experiment, and these students used this time more efficiently.
PLC/SCADA systems are widely used in industry. Through using industrial equipment in this work, via a user-friendly and understandable interface, students are able to improve their knowledge of industrial automation using PLC/SCADA. 
This skill creates the opportunity for a graduate to find a job in industry and easily adapt to the automation systems he or she will encounter there.
In conclusion, performing the experiments remotely via the Internet, before performing them physically in the laboratory, enhances students’ learning.
In the paper “Design, Development, and Commissioning of Substation Automation Laboratory to Enhance Learning[6], Mini S. Thomas, Senior Member, IEEE, D. P. Kothari, Senior Member, IEEE and Anupama Prakash describes that Substation automation systems are one of the building blocks of modern utility protection and control systems. They interface with primary substation equipment such as bus bars, transformers, breakers, transmission lines, and distribution feeders and provide measurements and status information to the upper layers of the system hierarchy. SA systems also detect any ab- normal system or substation condition and execute the necessary action to prevent further deterioration of a disturbance or damage to equipment.
Substation integration and automation can be divided into five levels, as shown in Fig. 2.4.
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                                Fig-2.4 Five layers of substation integration and automation and the three
                                   Functional data paths from the substation to the utility enterprise.      

The lowest level, which is an integral part of every substation, comprises power system field equipment in the switch yard. The second and most important part of substation automation is the IED implementation, comprising the replacement of electromechanical relays with IEDs with one or more microprocessors and communications ports. These IEDs have the ability to transmit data, execute control commands, and frequently provide a local user interface. Once the IEDs are installed, the third task is to integrate these IEDs in the most effective manner to integrate protection, control, and data acquisition functions into a minimal number of platforms so as to reduce capital and operating costs and panel and control room space requirements. On completion of the integration of the IEDs, a large number of SA applications like intelligent alarm processing or adaptive relaying relay coordination can be implemented in the fourth stage. The utility enterprise level, the fifth in the hierarchy, consists of third-party enterprise software that is integrated with the complete system, with both operational and nonoperational data being analyzed at the enterprise level. Thus, a better understanding of nonoperational data ex- traction and use is gained. This reduces maintenance cost by analyzing historical data and performing predictive maintenance instead of periodic maintenance. There are three primary functional data paths from the substation to the utility enterprise. The most common data path is that of transmitting the operational data to the utility’s SCADA system. The second data path is that of transmitting the nonoperational data to the utility’s data warehouse, and the third is remote access to IEDs.
Attempts have been made to follow the hierarchical levels of SA implementation in the current SA laboratory setup, with the operational data path already having being implemented and the nonoperational and remote access paths planned to be added in the near future for better understanding.
An automated substation is one where all the secondary equipment within the substation is interlinked. In earlier days, serial communication buses or proprietary communication media associated protocols were used almost entirely to link the conventional automated substation. With the development of different protocols, most of the substation worked with one single vendor monopoly. Efforts were made, therefore, for standardization by the IEC 60870-5 series of communication protocols and the DNP3 (Distributed Network Protocol). These protocols brought some semblance of conformity and interoperability within a substation and for remote telemetry between multivendor systems.
Besides interoperability within the substation, interoperability between different substations was also desirable; it thus became necessary to have common understanding among the various naming conventions, object naming, and addressing formats for engineering. Utility Communications Architecture (UCA) started working on these lines, detailing a well-defined set of object naming conventions and employing XML to bring about uniformity in data and context by using metadata and an overall object-oriented approach. This was later co-opted into the IEC61850 Standard, which provides a basis for substation communication and engineering, thus allowing interoperability as well as standardizing substation engineering and substation solutions.
Thus, IEC 61850 is a standard for the design of electrical substation automation. It defines the communication between devices in the substation and the related system requirements. It supports all substation automation functions and their engineering. IEC 61850 also supports the free allocation of functions to IEDs, and therefore supports different approaches in function integration, function distribution, and SA architecture. The standard contains an object-oriented data model that groups all data according to the common user functions in objects called logical nodes (LN). All related data attributes are contained and defined in these LNs. Access to all the data is provided in a standardized way by the services of the standard, which are defined to fulfill the performance requirements. The data model and services of the standard are mapped to a mainstream communication stack consisting of MMS, TCP/IP, and Ethernet with priority tagging. With the development of Standard IEC 61850, the utilities were forced to implement various options for retrofitting and expanding of existing infrastructure that had not reached the end of its operational life in order to get the maximum advantages and benefits of the new technology at the minimum cost.
Experimental Setup in the SA lab consists of the following:
A. Retrofitting of IEC 61850 Compliant IEDs with Open-Ended Software
In order to help the students understand the migration from old technology to new technology an attempt was made to integrate the IEDs available in the laboratory with the available control center software SCADA PORTAL through a protocol converter, which involves following tasks:
1)  Physical wiring of the devices and grounding: Once all the hardware equipment was procured, the main task was to establish proper connection between all the devices and provides proper grounding schemes.
All the relay IEDs and the Omicron tester are on the substation LAN and the substation computer, which provides the HMI (supporting legacy protocol) and is connected to the substation
LAN through a gateway, since legacy protocols do not support Ethernet.
All devices on the substation LAN interact based on client–server or peer-to-peer relationships. A client is a net- work entity that issues service requests to a server. A server is a network entity that responds to the requests of a client.
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                              Fig.2.5 Client-server relationship of the IEDs and gateway

Fig. 2.5 shows the client–server relationships of the IEDs, substation master, and the gateway in the substation architecture. The relay IEDs can also work in a peer-to-peer relationship where each entity has the same status on the network, i.e., there are no masters and no slaves.
Once the networking is complete, the hardware is as shown in Fig 2.6, which is the physical realization of a part of the setup as shown in Fig 2.7.
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                                             Fig.2.6 Substation Automation laboratory setup
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Fig.2.7 System architecture of the substation automation laboratory
                     
2) Simulation of field devices: In order to configure the relay IEDs and to perform various experiments related to substation automation, it is important to create different substation environ- ments and to help the students analyze the working of substation equipment under normal and fault conditions. Monitoring and controlling an actual substation is obviously not a viable option at a laboratory level. Hence, software such as the Power System Computer-Aided Design/Electromagnetic Transients program (PSCAD/EMTDC) and MATrix LABoratory (MATLAB) were made available in the laboratory for simulating the different field devices and the working environment.
3)  Integration with control center software: The following section describes the integration of relay IEDs with the control center software.
• Configuration of relay IEDs—The IEDs available in the SA laboratory are made by Siemens and SEL. These IEDs are configured using their proprietary software DIGSI4.0 (Siemens) and ACSELERATOR Quick set (SEL).
The OMICRON tester is used to inject different values of three-phase voltages and currents, as per the configuration, to the relay IEDs. These injected values are processed by the relay, and analog values such as frequency, power factor, power, phase voltages, and line voltages can be seen on the LCD display provided on the front panel.
•  Configuration of Protocol Converter—The protocol converter has a standard input file as per IEC 61850 standards, which defines all the IEC 61850 logical nodes, data objects, data attributes, and the like, from which the SCL file is generated. The configuration utility generates three major output files:
1) an SCL file that contains details of the data model as per the IEC 61850 Standard;
2) configuration files for the other protocols;
3) a mapping information file, derived from a procedure to map the data between other protocols and IEC 61850 attributes. This mapping information is stored in a separate file.
B.  Testing of Relays
The performance of the relay IEDs available in the lab was verified before commissioning, by offline and online tests. In the offline test, a relay model was developed and tested for the performance parameters, while in the online test, an actual relay IED was tested with fault waveforms, and the fault clearing capability, location, and type of fault were assessed
C.  GOOSE Messaging
D.  Substation Monitoring
P.K. lyambo and R. Tzoneva, Member, IEEE, in his paper “Transient Stability Analysis of the IEEE 14-Bus Electric Power System[7], has performed transient analysis of 14-bus system. Transient stability entails the evaluation of a power systems ability to withstand large disturbances, and to survive transition to a normal operating condition.
In the stability study for the IEEE 14-bus system, the following assumptions were taken:
1. The input remains constant during the entire period of a swing curve;
2. Damping or synchronous power is proportional to the generators own relative speed or slip;
3. Synchronous power is calculated from a steady-state solution of the network;
4. Each machine is represented in the network by a constant reactance in series with the constant electromotive force;
5. The mechanical angle of each rotor coincides with the electrical phase of the internal voltage;
6. The load is represented b y shunt admittances to its buses.
There are three states in the system:
1. The prefault state which determines the in9itial condition for angles X(i) where i=1,2,3. . .(equals to the number of synchronous machine in the system)
2. The fault state which exists at t=0 and persists until the fault is cleared at t=tcr;
3. The postfault state with t>tcr.
4. Where t[s] is fault clearing time and tcr[s] is critical clearing time.
Swing equation for the power system is considered. Fault location and fault clearing time is considred and detected. Considered IEEE 14-bus system and some results are shown below:
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                                                             Fig.2.8 IEEE 14-Bus system
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Fig.2.9 plots of angle differences for machines      Fig.2.10 plots of angle differences for machines      2,3,4&5. Fault on bus 2, fault cleared in 0.4s                    2,3,4&5. Fault on bus 10, fault cleared in 0.4 s       

Savas Sahin, Mehmet Olmez, and Yalcin Isler,[11] in his microcontroller base experimental setup of SCADA has shown data acquisition processing. Developing countries, like Turkey, must keep up with the most modern technologies so that their industry is able to compete in world markets. Since SCADA and other hardware devices are quite expensive, and educational institutions may not be able to afford them, it is crucial to be able to implement teaching based  on  simulation tools,  which  are  much more affordable. This study describes teaching concepts of industrial automation, data acquisition, instrumentation, virtual instrumentation, and 
its development by using the well-known commercial software, LabVIEW. Also, acquiring experimental knowledge of these matters by means of four lab experiences helps to integrate the theoretical concepts.
LabVIEW software is used for the SCADA front panel and block diagram. The block diagram holds the data flow and graphical source codes—that is to say, LabVIEW is based on object-oriented programming (OOP). These features are useful for designing a HMI for SCADA system. The front panel provides switches, counters, timers, and graphs in order to monitor and control. The block diagram supplies data flow and function tools with connectors, terminals, and wires. Four consecutive SCADA experiments are prepared:
1) Implementation of the RS232 Serial Port Experiment: The first experiment is designed for connecting the PIC board, serial communication, and graphical programming via LabVIEW. Students are expected to read the status of switches and send this value to the LEDs through the serial port in this experiment. This experiment helps students to comprehend basics of the DAQ and OOP via digital communication protocols. Students are given a two-week period to complete their work for this experiment.
2)  Implementation of the IEEE 1284 D-25 Parallel Port
Experiment: The second experiment, which is called the IEEE 1284 D-25 parallel port communication experiment, is developed to show a different common communication protocol. Students are expected to read the status of switches and send this value to the LEDs through the parallel port in this experiment. This experiment provides the integration between DAQ and OOP via digital communication protocols as a pre-intermediate level application. Students are given a two-week period to complete their work for this experiment.
3) Implementation of the Digital Thermometer Experiment: The third experiment is the implementation of a real-time temperature monitoring system. A digital thermometer sensor, DS1820, is connected to the setup to measure the temperature. Students are expected to read the temperature value through the serial port in this experiment. An extra button must be added to the program to switch the calculation method of the temperature using the read value from the sensor. The calculation method can be selected to use either the formula node or mathematical functions. This experiment is designed as an intermediate-level application. Students are given a two-week period to complete their work for this experiment.
4) Implementation of the Temperature and Liquid-Level Experiment: The final experiment, which is a complex application for SCADA, is designed to connect one temperature sensor, one differential pressure transmitter as level sensor, limit switches, heater resistance, pumping motors, PIC board, serial communication, and graphical programming via LabVIEW. The system can be controlled manually or automatically using the ON–OFF control. First, sensors and actuators are connected to the PIC card. Then, students are expected to conduct this experiment as follows:
1) The liquid is transferred to the tank no.1 through a solenoid valve until the desired level is achieved via a differential pressure transmitter.
2) Then, this liquid is heated using a heater to the set temperature value.
3) When this operation is completed, the heater is turned off and the hot liquid is pumped to the other tank via pumping motor no.1.
4) After becoming calm, the liquid is pumped back to the tank no.1 via pumping motor no.2. This step is integrated to the experiment in order to avoid wasting the liquid.
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Fig-2.11 (a) plant of experiment, (b) electronic control system, (c) graphical Program, (d) the GUI developed by students
Khalid W. Darwish, A. R. Al Ali, Rached Dhaouadi, “Virtual SDADA Simulation System for Power Substation”[13]
Among power network faults, following were selected for training:
1. Phase to Phase fault,
2. Phase to earth fault,
3. Power transformer overloading.
The selected power substation under study are 33/11KV of 15MVA capacity. The substation have the following equipments:
1. 33 and 11KV switch gears,
2. Switch gear protection relays,
3. Power transformer 33/11KV, 15MVA,
4. Protection relays of power transformer,
5. Auxiliary transformer 11/0.415KV,
6. DC supply and Battery charger.
The control panel contains the following controls:
1. Log on or change user,
2. Switch gears ON/OFF control,
3. Switch gears status,
4. Earth switch status,
5. Analog measurement simulation for load voltage and current,
6. Fault simulation tools for
i. Transformer overload faults,
ii. Distribution feeder phase to phase fault,
iii. Distribution feeder phase to ground fault,
iv. Distribution feeders protection relay reset.
7. Links to alarms, events, command logs, archive, trends, and communication status,
8. Print report of events.




  Chapter-3
SCADA SYSTEM

3.1 Introduction
Widely used in industry for Supervisory Control and Data Acquisition of industrial processes, SCADA systems are now also penetrating the experimental physics laboratories for the controls of ancillary systems such as cooling, ventilation, power distribution, etc.
SCADA systems have made substantial progress over the recent years in terms of functionality, scalability, performance and openness such that they are an alternative to in house development even for very demanding and complex control systems as those of physics experiments.
3.1.1 Types of SCADA
1.  D+R+N (Development +Run + Networking)
2.  R+N (Run +Networking )
3.  Factory focus
3.1.2 Features of SCADA
1.  Dynamic process Graphic
2.  Alarm summery
3.  Alarm history
4.  Real time trend
5.  Historical time trend
6.  Security (Application Security)
7.  Data base connectivity

8.  Device connectivity
9.  Scripts
10. Recipe management
3.1.3 Manufacturers of SCADA
Modicon (Telemecanique) Visual look
Allen Bradly :  RS View
Siemens: win cc
Gefanc:
KPIT : ASTRA Intelution : Aspic Wonderware : Intouch
3.2. What does SCADA MEAN?
SCADA stands for Supervisory Control And Data Acquisition. As the name indicates, it is not a full control system, but rather focuses on the supervisory level. As such, it is a purely software package that is positioned on top of hardware to which it is interfaced, in general via Programmable Logic Controllers (PLCs), or other commercial hardware modules.
SCADA systems are used not only in industrial processes: e.g. steel making, power generation (conventional and nuclear) and distribution, chemistry, but also in some experimental facilities such as nuclear fusion. The size of such plants range from a few 1000 to several 10 thousands input/output (I/O) channels. However, SCADA systems evolve rapidly and are now penetrating the market of plants with a number of I/O channels of several 100 K: we know of two cases of near to 1 M I/O channels currently under development.
SCADA systems used to run on DOS, VMS and UNIX; in recent years all SCADA vendors have moved to NT and some also to Linux.


3.3 Architecture
3.3.1 Hardware Architecture
One distinguishes two basic layers in a SCADA system: the "client layer" which caters for the man machine interaction and the "data server layer" which handles most of the process data control activities. The data servers communicate with devices in the field through process controllers. Process controllers, e.g. PLCs, are connected to the data.
Servers either directly or via networks or field buses that are proprietary (e.g. Siemens H1), or non-proprietary (e.g. Profibus). Data servers are connected to each other and to client stations via an Ethernet LAN. The data servers and client stations are NT platforms but for many products the client stations may also be W95 machines. Fig-3.1. shows typical hardware architecture.
                                [image: ]
                                  Figure 3.1: Typical Hardware Architecture

3.3.2 Software Architecture
The products are multi-tasking and are based upon a real-time database (RTDB) located in one or more servers. Servers are responsible for data acquisition and handling (e.g. polling controllers, alarm checking, calculations, logging and archiving) on a set of parameters, typically those they are connected to.
        [image: ]
                                          Figure 3.2: Generic Software Architecture
However, it is possible to have dedicated servers for particular tasks, e.g. historian, datalogger, alarm handler. Fig. 3.2 shows a SCADA architecture that is generic for the products that were evaluated.
3.4 Communications
3.4.1 Internal Communication
Server-client and server-server communication is in general on a publish-subscribe and event-driven basis and uses a TCP/IP protocol, i.e., a client application subscribes to a parameter which is owned by a particular server application and only changes to that parameter are then communicated to the client application.
3.4.2 Access to Devices
The data servers poll the controllers at a user defined polling rate. The polling rate may be different for different parameters. The controllers pass the requested parameters to the data servers. Time stamping of the process parameters is typically performed in the controllers and this time-stamp is taken over by the data server. If the controller and communication protocol used support unsolicited data transfer then the products will support this too.
The products provide communication drivers for most of the common PLCs and widely used field-buses, e.g., Modbus. Of the three fieldbuses that are recommended at CERN, both Profibus and Worldfip are supported but CANbus often not . Some of the drivers are based on third party products (e.g., Applicom cards) and therefore have additional cost associated with them. A single data server can support multiple communications protocols: it can generally support as many such protocols as it has slots for interface cards.
The effort required to develop new drivers is typically in the range of 2-6 weeks depending on the complexity and similarity with existing drivers, and a driver development toolkit is provided for this.
3.4.3 Interfacing
Application Interfaces / Openness
The provision of OPC client functionality for SCADA to access devices in an open and standard manner is developing. There still seems to be a lack of devices/controllers, which provide OPC server software, but this improves rapidly as most of the producers of controllers are actively involved in the development of this standard. The products also provide
•	an Open Data Base Connectivity (ODBC) interface to the data in the archive/logs, but not to the configuration database,
•	an ASCII import/export facility for configuration data,
•	a library of APIs supporting C, C++, and Visual Basic (VB) to access data in the RTDB, logs and archive. The API often does not provide access to the product's internal features such as alarm handling, reporting, trending, etc.
The PC products provide support for the Microsoft standards such as Dynamic Data Exchange (DDE) which allows e.g. to visualise data dynamically in an EXCEL spreadsheet, Dynamic Link Library (DLL) and Object Linking and Embedding (OLE).
3.4.4 Database
The configuration data are stored in a database that is logically centralised but physically distributed and that is generally of a proprietary format.
System (RDBMS) at a slower rate either directly or via an ODBC interface.
3.4.5 Scalability
Scalability is understood as the possibility to extend the SCADA based control system by adding more process variables, more specialised servers (e.g. for alarm handling) or more clients. The products achieve scalability by having multiple data servers connected to multiple controllers. Each data server has its own configuration database and RTDB and is responsible for the handling of a sub-set of the process variables (acquisition, alarm handling, archiving).
3.5 Functionality
3.5.1 Access Control
Users are allocated to groups, which have defined read/write access privileges to the process parameters in the system and often also to specific product functionality.
3.5.2 MMI
The products support multiple screens, which can contain combinations of synoptic diagrams and text. They also support the concept of a "generic" graphical object with links to process variables. These objects can be "dragged and dropped" from a library and included into a synoptic diagram.. Most of the SCADA products that were evaluated decompose the process in "atomic" parameters (e.g. a power supply current, its maximum value, its on/off status, etc.) to which a Tag-name is associated. The Tag-names used to link graphical objects to devices can be edited as required. The products include a library of standard graphical symbols, many of which would however not be applicable to the type of applications encountered in the experimental physics community. Standard windows editing facilities are provided: zooming, re-sizing, scrolling... On-line configuration and customisation of the MMI is possible for users with the appropriate privileges. Links can be created between display pages to navigate from one view to another.
3.5.3 Trending
The products all provide trending facilities and one can summarise the common capabilities as follows:
•	the parameters to be trended in a specific chart can be predefined or defined on- line
•	a chart may contain more than 8 trended parameters or pens and an unlimited number of charts can be displayed (restricted only by the readability)
•	real-time and historical trending are possible, although generally not in the same chart
•	historical trending is possible for any archived parameter
•	zooming and scrolling functions are provided
•	parameter values at the cursor position can be displayed
The trending feature is either provided as a separate module or as a graphical object (ActiveX), which can then be embedded into a synoptic display. XY and other statistical analysis plots are generally not provided.
3.5.4 Alarm Handling
Alarm handling is based on limit and status checking and performed in the data servers. More complicated expressions (using arithmetic or logical expressions) can be developed by creating derived parameters on which status or limit checking is then performed. The alarms are logically handled centrally, i.e., the information only exists in one place and all users see the same status (e.g., the acknowledgement), and multiple alarm priority levels (in general many more than 3 such levels) are supported.
It is generally possible to group alarms and to handle these as an entity (typically filtering on group or acknowledgement of all alarms in a group). Furthermore, it is possible to suppress alarms either individually or as a complete group. The filtering of alarms seen on the alarm page or when viewing the alarm log is also possible at least on priority, time and group. However, relationships between alarms cannot generally be defined in a straightforward manner. E-mails can be generated or predefined actions automatically executed in response to alarm conditions.
3.5.5 Logging/Archiving
The terms logging and archiving are often used to describe the same facility. However, logging can be thought of as medium-term storage of data on disk, whereas archiving is long-term storage of data either on disk or on another permanent storage medium. Logging is typically performed on a cyclic basis, i.e., once a certain file size, time period or number of points is reached the data is overwritten. Logging of data can be performed at a set frequency, or only initiated if the value 
changes or when a specific predefined event occurs. Logged data can be transferred to an archive once the log is full. The logged data is time-stamped and can be filtered when viewed by a user. The logging of user actions is in general performed together with either a user ID or station ID. There is often also a VCR facility to play back archived data.
3.5.6 Report Generation
One can produce reports using SQL type queries to the archive, RTDB or logs. Although it is sometimes possible to embed EXCEL charts in the report, a "cut and paste" capability is in general not provided. Facilities exist to be able to automatically generate, print and archive reports.
3.5.7 Automation
The majority of the products allow actions to be automatically triggered by events. A scripting language provided by the SCADA products allows these actions to be defined. In general, one can load a particular display, send an Email, run a user defined application or script and write to the RTDB. The concept of recipes is supported, whereby a particular system configuration can be saved to a file and then re-loaded at a later date. Sequencing is also supported whereby, as the name indicates, it is possible to execute a more complex sequence of actions on one or more devices. Sequences may also react to external events. Some of the products do support an expert system but none has the concept of a Finite State Machine (FSM).
3.6. Application Development
3.6.1 Configuration
The development of the applications is typically done in two stages. First the process parameters and associated information (e.g. relating to alarm conditions) are defined through some sort of parameter definition template and then the graphics, including trending and alarm displays are developed, and linked where appropriate to the process parameters. The products also provide an ASCII Export/Import facility for the configuration data (parameter definitions), which enables large numbers of parameters to be configured in a more efficient manner using an external editor such as Excel and then importing the data into the configuration database.
However, many of the PC tools now have a Windows Explorer type development studio. The developer then works with a number of folders, which each contains a different aspect of the configuration, including the graphics.
The facilities provided by the products for configuring very large numbers of parameters are not very strong. However, this has not really been an issue so far for most of the products to-date, as large applications are typically about 50K I/O points and database population from within an ASCII editor such as Excel is still a workable option.
On-line modifications to the configuration database and the graphics are generally possible with the appropriate level of privileges.
3.6.2 Development Tools
The following development tools are provided as standard:
•	a graphics editor, with standard drawing facilities including freehand, lines, squares circles, etc. It is possible to import pictures in many formats as well as using predefined symbols including e.g. trending charts, etc. A library of generic symbols is provided that can be linked dynamically to variables and animated as they change. It is also possible to create links between views so as to ease navigation at run-time.
•	a data base configuration tool (usually through parameter templates). It is in general possible to export data in ASCII files so as to be edited through an ASCII editor or Excel.
•	scripting language
•	Application Program Interface (API) supporting C, C++, VB
•         Driver Development Toolkit to develop drivers for hardware that is not supported by the SCADA product.
3.6.3 Object Handling
The products in general have the concept of graphical object classes, which support inheritance. In addition, some of the products have the concept of an object within the configuration database. In general the products do not handle objects, but rather handle individual parameters, e.g., alarms are defined for parameters, logging is performed on parameters, and control actions are performed on parameters. The support of objects is therefore fairly superficial.
3.7 Evolution
SCADA vendors release one major version and one to two additional minor versions once per year. These products evolve thus very rapidly so as to take advantage of new market opportunities, to meet new requirements of their customers and to take advantage of new technologies.
As was already mentioned, most of the SCADA products that were evaluated decompose the process in "atomic" parameters to which a Tag-name is associated. This is impractical in the case of very large processes when very large sets of Tags need to be configured. As the industrial applications are increasing in size, new SCADA versions are now being designed to handle devices and even entire systems as full entities (classes) that encapsulate all their specific attributes and functionality. In addition, they will also support multi-team development.
As far as new technologies are concerned, the SCADA products are now adopting:
•	Web technology, ActiveX, Java, etc.
•	OPC as a means for communicating internally between the client and server modules. It should thus be possible to connect OPC compliant third party modules to that SCADA product.
3.8 Engineering
Whilst one should rightly anticipate significant development and maintenance savings by adopting a SCADA product for the implementation of a control system, it does not mean a "no effort" operation. The need for proper engineering cannot be sufficiently emphasized to reduce development effort and to reach a system that complies with the requirements, that is economical in development and maintenance and that is reliable and robust. Examples of engineering activities specific to the use of a SCADA system are the definition of:
•	a library of objects (PLC, device, subsystem) complete with standard object behavior (script, sequences, ...), graphical interface and associated scripts for animation,
•	Templates for different types of "panels", e.g. alarms,
•	Instructions on how to control e.g. a device ...,
•	A mechanism to prevent conflicting controls (if not provided with the SCADA),
•	alarm levels, behaviour to be adopted in case of specific alarms, ...
3.9 Potential benefits of SCADA
The benefits one can expect from adopting a SCADA system for the control of experimental physics facilities can be summarised as follows:
•	A rich functionality and extensive development facilities. The amount of effort invested in SCADA product amounts to 50 to 100 p-years!
•	The amount of specific development that needs to be performed by the end-user is limited, especially with suitable engineering.
•	Reliability and robustness. These systems are used for mission critical industrial processes where reliability and performance are paramount. In addition, specific development is performed within a well-established framework that enhances reliability and robustness.
•	Technical support and maintenance by the vendor.
For large collaborations, as for the CERN LHC experiments, using a SCADA system for their controls ensures a common framework not only for the development of the specific applications but also for operating the detectors. Operators experience the same "look and feel" whatever part of the experiment they control. However, this aspect also depends to a significant extent on proper engineering. WebAccess HMI & SCADA feature. Welcome!  WebAccess is first fully web browser based software package for human-machine interfaces (HMI), and supervisory control and data acquisition (SCADA). 
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Features of WevAccess include following:
Web Browser based engineering
Distributed Architecture for SCADA node
Centralized Database Server for Network Development
Ordinary Web Server
Active X control
Thin Client for PDA and Handheld computers
Enhanced Security
Tag-based object database
vector-based Graphics
Dynamic Animation Widgets
Import AutoCAD DXF
Template Displays
Alarm Handling Package
Data Logging and Historical Trending
Real-Time only Trending
Standard Popup Dialog Boxes
Tag Browser (Point Info)
Data Transfer Function
DDE interface
Redundant SCADA Nodes
Redundant Com Ports
Scheduler
Customize Toolbars with Icons using ICO or animated BBN files
Import Nodes, Tags and Graphics remotely
EXCEL Database Import / Export
System Log
HTML Reports
















Chapter-4
POWER FLOW IN POWER SYSTEMS

4.1  INTRODUCTION

In a three phase ac power system active and reactive power flows from the generating station to the load through different networks buses and branches. The flow of active and reactive power is called power flow or load flow. Power flow studies provide a systematic mathematical approach for determination of various bus voltages, there phase angle active and reactive power flows through different branches,  generators and loads under steady state  condition.  Power  flow  analysis  is  used  to  determine  the  steady  state  operating condition of a power system. Power flow analysis is widely used by power distribution professional during the planning and operation of power distribution system.

[image: ]
Fig 4.1

There three methods for load flow studies mainly
#Gauss siedel method
# Newton raphson method
# Fast decoupled method.
4.2  OBJECTIVE OF LOAD FLOWSTUDY


	Power  flow  analysis  is  very  important  in  planning  stages  of  new  networks  or addition to  existing ones like adding new generator sites, meeting increase load demand and locating new transmission sites.
	The load flow solution gives the nodal voltages and phase angles and hence the power injection  at all the buses and power flows through interconnecting power channels.
	It is helpful in determining the best location as well as optimal capacity of proposed generating station, substation and new lines.
	It determines the voltage of the buses. The voltage level at the certain buses must be kept within the closed tolerances.
	System transmission loss minimizes.
	Economic  system  operation  with  respect  to  fuel  cost  to  generate  all  the  power needed
	The line flows can be known. The line should not be overloaded, it means, we should not operate the close to their stability or thermal limits.
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4.3  BUS CLASSIFICATION

A bus is a node at which one or many lines, one or many loads a t w h i c h o n e o r m a ny   loads and generators are connected. In a  power system each node or bus is associated with 4 quantities, such as magnitude of voltage, phage angle of voltage, active or true power and reactive power in load flow problem two out of these 4  quantities are specified and remaining 2 are required to be determined through the solution of equation. Depending on the quantities that have been specified, the buses are classified into 3 categories.

	Load bus/PQ bus: No generator is connected to the bus. At this bus the real and reactive power are specified. it is desired to find out the voltage magnitude and phase angle through load flow solutions. It is required to specify only Pd and Qd at such bus  as at a load bus voltage can be allowed to vary within the permissible values.
	Generator   bus(PV bus)   or   voltage   controlled   bus:	Here   the   voltage   magnitude corresponding to the generator voltage and real power Pg corresponds to 

	its rating are specified. It is required to find out the reactive power generation Qg 
	and phase angle of the bus voltage.
	Slack/swing/reference bus: For the Slack Bus, it is assumed that the voltage magnitude |V| and voltage phase Θ are known, whereas real and reactive powers Pg and Qg are obtained through the load flow solution.
  4.4 CHARACTERISTICS AND PERFORMANCE OF POWER TRANSMISSION LINES
A transmission line on a per phase basis can be regarded as a two port network, wherein the sending end voltage Vs and current Is are related to the receiving end voltage Vr and current Ir through ABCD constants as
      =                						                      (1)
These constants can be determined easily for short and medium length lines by suitable approximation lumping the line impedance and shunt admittance. For long lines exact analysis has to be carried out by considering the distribution of resistance, inductance and capacitance parameters and the ABCD constants of the line are determined there from.
Short, Medium and Long Transmission line
The following nomenclature has been adopted in this chapter:
z-Series impedance/unit length/phase
y-Shunt admittance/unit length/phase to neutral
r-Resistance/unit length/phase
L-inductance/unit length/phase
C-Capacitance/unit length/phase to neutral
l-Transmission line length
Z-zl total series impedance/phase
Y-yl total shunt admittance/phase to neutral
Subscript S stands for a sending end quantity and R for receiving end quantity.

4.4.1  SHORT TRANSMISSION LINE

 (
Z=R+jX
)                                                         Is=Ir
                                                  +                                                   Vr
                                                        
                              	               Vs                                                     Load

                                                   -
                                                              Fig. 4.2
For short transmission lines length less than 100KM or less, the total 50 Hz shunt admittance is small enough to be negligible. The parameters of transmission line are related as:
      =                                                		                      (2)
The phasor diagram for short line is as follows:
                                                                  Vs
                                                                                                |I|X                                                    
                                              Фr    Фs       Vr        |I|R      

                                                   I=Is=Ir

                    				Fig. 4.3

From phasor diagram we can write
	|Vs| = [(|Vr|cosФr + |I|R)2 + (|Vr| sinФr + |I|X)2]1/2
	|Vs| = [|Vr|2 + |I|2(R2 + X2) + 2|Vr||I|(RcosФr + XsinФr)]1/2       		(3)

            |Vs| = |Vr|
The last term is usually negligible so:
            |Vs| = |Vr|
Expanding binomially and retaining first order term we get,
            |Vs|  |Vr|
Or
	|Vs|  |Vr| + |I|(RcosФr + XsinФr)                 				(4)

4.4.2  MEDIUM TRANSMISSION LINE
For lines more than 100km long, charging currents due to shunt admittance cannot be neglected. Upto the length 250km it is sufficiently accurate to lump all the line admittance at the receiving end resulting in the equivalent diagram shown below:
 (
Z=R+jX
)                                                         Is
                                                  +                                           Ir          Vr
                                                                                   Is-Ir            
                              	               Vs                   Y=jωC                         Load

·             Fig. 4.4
Transmission line constants are related to ABCD constants as follows:
      =           	             			                      (5)

It is more convenient to represent this equivalent circuit in nominal-π form as shown below:
                                         Is             Z            Il               Ir
                                +
                               Vs   Y/2                   Y/2                            Vr  
                                _

					Fig. 4.5	
Is = Ir + ½Vr.Y + ½ Vs.Y;   	Vs = Vr + (Ir + ½ Vr.Y)Z = Vr(1 + ½ YZ) + Ir.Z
	Is = Ir + ½ Vr.Y + ½ Y[Vr(1 + ½ YZ) + Ir.Z]
	   = Vr.Y(1 + ¼ YZ) + Ir(1+ ½ YZ)
And finally we have,
                 =      			                      (6)
4.4.3  THE LONG TRANSMISSION LINE
For lines longer than 250 km, the fact that the parameters of a line are distributed uniformly throughout its length, must be considered.
                    Is          Ix + dIx                Zdx            Ix                      Ir
                                                         [image: ]                                          
           V        Vx+dVx            Ydy[image: ]      Vx              Load          Vr
                                                  
                                                                       dx                            X
                                      Fig. 4.6                               
figure shows one phase and the neutral return of a transmission line. We can write the following differential relationships across the elemental section:
	dVx = Ix.z dx		or dVx/dx = z.Ix					(7)
	dIx = Vx.y dx		or dIx/dx = y.Vx					(8)
differentiating equation 7 w.r.t x, we get,
                                              = 
Substituting the value of dIx/dx we get,
           			       = yzVx                				(9)
 The solution of this equation is
                        =    			            (10)
Similarly,
                        =    			            (11)
Here Zc is called the characteristic impedance of the line and γ is called the propagation constant. By rearranging these equation, a more convenient form of expression can be formed in the form of hyperbolic functions as follows:
	          = cosh γx +  sinh γx						(12)
	          = cosh γx +  sinh γx						(13)
When x = l, Vx = Vs, Ix = Is
                 =                  		                     (14)
Here
      	   A = D = cosh γl
	   B = Zc sinh γl
	   C = (1/Zc) sinh γl
Let us consider the hyperbolic expansion as follows:
	   Cosh γl = 1 +  
	   Sinh γl = γl +  
	   A = D  1 +  ;  B  Z;  C  
From the discussions so far the exact equivalent circuit of a transmission line can be considered as
                       Is      Z’ = Zc sinh γl = Z(sinh γl)/(γl)     Ir
									                  Vr

                        Vs		       Y’/2			           
 (
Fig. 4.7
)                                                                                                               =
For this π-network
                 =          	                      (15)
On comparing with equation 14, we have:
		 = Zc sinh γl;       1 = cosh γl 		          (16)
4.5  POWER FLOW THROUGH A TRANSMISSION LINE
It is convenient to deal with transmission line equations in the form of sending and receiving end complex power and voltages. Let us consider the single line transmission line shown in figure:

                               |Vs|CDVr|
                                                                                                    Load
         Generator (Ss=Ps+jQs)                                                           Sr=Pr+jQr
				Fig. 4.8
		= 								(17)
		= 								(18)
Let the transmission line constants written as A=|A|D=|D| (since A=D).
Therefore we can write
		|
		Is = |D/B| |Vs|Vr|
Now let us find complex power,
		Sr =  = |Vr||
		    = 				
Similarly,
		 Ss = 				
If Vr and Vs are expressed in KV line values then the above two equations give power in MVA.
Equation 19 express apparent power and it can be separated into real and reactive power as follows:
		Pr = cos				
		Qr =  sin				
Similarly sending end power can also be separated into real and reactive power as:
		Ps =  coscos				
		Qs = sinsin				
The received power Pr will be maximum at =i.e,
		Pr(max) =  cos					
Corresponding Qr is
		Qr = sin
Thus the load must draw this much leading MVAR in order to receive the maximum real power.
For a short transmission line with series impedance |Z|θ we can easily conclude the following :
For R the real power transferred to the receiving end is proportional to sin for small values of , while the reactive power is proportional to the magnitude of the voltage drop across the line.

The real power received is maximum for =90 Degrees and has a value |Vs||Vr|/X. of course,  is restricted to values well below 90 degrees from considerations of stability. 
Maximum real power transferred for a given line (fixed X) can be increased by raising its voltage level. It is from this consideration that voltage levels are being progressively pushed up to transmit larger power over longer distances warranted by large size generating stations. For very long lines voltage level cannot be raised beyond the limits placed by high voltage technology. To increase power 
in such cases, the only choice is to reduce the line reactance. This is accomplished by adding series capacitors in the line.
The VAR delivered by a line is proportional to the line voltage drop and is independent of . Therefore, in a transmission system if the VAR demand of the load is large, the voltage profile at that point tends to sag rather sharply. To maintain a desired voltage profile, the VAR demand of the load must be met locally by employing positive VAR generators (condensers).
4.6  Methods of Voltage Control
In order to regulate the line voltage under varying demands of VARs, the two methods are:
Reactive power injection and
Control by transformer.
4.6.1  REACTIVE POWER INJECTION
In order to keep the receiving end voltage at specified value ||, a fixed amount of VARs () must be drawn from the line. To fulfill this condition under varying demand , a local controlled reactive source/compensating equipment called local VAR generator is used as shown in figure:

                   		            Pr + jQr     Vr                             Pd + jQd

							jQc
  					    Local VAR			  Load
					       Generator	                         


						Fig. 4.9
At receiving end		+  = 
Fluctuations in Qd are absorbed by the local VAR generator Qc such that the VAR drawn from the line remain fixed at . The receiving-end voltage would thus remain fixed at ||. Local VAR compensation can, in fact, be made automatic by using the signal from the VAR meter installed at the receiving end of the line.
Two types of VAR generators are employed in practice- static type and rotating type.
Static type is a three-phase static capacitor and/or inductors. If Vr is line kV and Xc is the per phase capacitive reactance of the capacitor bank on an equivalent star basis, the expression for the VAR fed into the line can be found as:
	
		Ic = j(|Vr|/) kA		
   		jQc(3-phase) = 3 (|Vr|/) (-Ic)
		Qc =  MVA							(26)	
This method has several disadvantages. If the system voltage contains appreciable harmonics, the fifth being the most troublesome, the capacitors may be overloaded considerably. Also the capacitors act as short circuit at start and there is a possibility of series resonance with the line inductance particularly at harmonic frequencies.
4.6.2  ROTATING VAR GENERATOR
It is a synchronous motor running at no-load and having excitation adjustable over a wide range. It feeds positive VAR into line under overexcited conditions and feeds negative VAR when under excited. A machine thus running is called a synchronous condenser.
                            |Vr|

                                                                    jQc         Ic
					            +     Xc
		Adjustable excitation                           Eg      

							Fig. 4.10

		Qc = |Vr| (|Eg|-|Vr|) / Xs  MVAR						(27)
In contrast to static VAR generator it has some advantages, it can provide both positive and negative VAR which are continuously adjustable also in this method the VAR injection at a given excitation is less sensitive to changes in bus voltage. As |Vr| decreases and (|Eg| - |Vr|) increases with consequent smaller reduction in Qc.
4.6.3  CONTROL BY TRANSFORMER
The VAR injection method discussed above lacks the flexibility and economy of voltage control by transformer tap changing. This method is limited to a narrow voltage range. If the voltage correction needed exceeds this range, tap changing is used in conjunction with the VAR injection method.

4.7  Network Model Formulation
It is convenient to work with power at each bus injected into the transmission system, called the “Bus Power”. The ith  bus power is defined as,
			i = 1,2,3, . . . . .,n				(28)
					 is generated power.		(29)
					 is generated power.		(30)
	Also     + j(
The bus current at the ith bus is defined as,
		 									(31)
Let us take some assumptions for developing relation between bus currents and bus voltages:
1. There is no mutual coupling between the transmission lines, and
2. There is an absence of regulating transformers.
Let () be the total admittance between the ith and kth buses and   be the admittance between ith bus and ground.
By applying KCL at the ith bus, we get:
		
	Or        
Thus, in general,
		                       											……..(32)
where,
				
			     = Short circuit transfer admittance between ith and kth bus and
			
			        = Short circuit driving point admittance or self-admittance at the ith bus.
For all n buses we can write its matrix form as
									(33)
Where  is n column vector of bus currents.
             is ncolumn vector of bus voltages.
           is nn matrix of admittances given as
							(34)
The diagonal element of  is the self admittance. The off-diagonal element of  is transfer admittance.
 is n*n matrix where n is the number of buses.
 is a symmetric matrix if the regulating transformers are not involved. So only n(n + 1) terms are to be stored for an n-bus system.
 () = 0 if ith and kth buses are not connected.
Load Flow Problem
The complex power injected by the source into the ith bus of a power system is

Let us take the conjugate of above equation

Also				            			(35)
On equating real and imaginary part we get
					 
					
Let 		
then
		 
		 
At each bus there are four variables, viz., ||,  giving a total of 4n variables for n buses. If at every bus two variables are specified, the remaining two variables at every bus can be found by solving the 2n power flow equations. In a physical system specifying variables at every bus depends on what devices are connected on that bus. In general there are four possibilities giving rise to different types of buses as described in this chapter earlier.

















Chapter-5
SIMULATION OF VIRTUAL SCADA SYSTEM USING LabVIEW

5.1 INTRODUCTION
In this simulation a four bus power system is designed and different measurements at all buses like voltage, current, active power, reactive power and power factor are performed. 
This simulation make use of following softwares:
7. LabVIEW 2011
7. Multisim 12.0
7. LabVIEW-Multisim connectivity toolkit
7. Control design and Simulation toolkit
7. Sound and Vibration toolkit 
5.1.1 LabVIEW 2011
LabVIEW is a Laboratory Virtual Instruments for Engineering Workbench. LabVIEW is a graphical programming language that uses icons instead of lines of text to create applications. In contrast to text-based programming languages, where instructions determine the order of program execution, LabVIEW uses dataflow programming, where the flow of data through the nodes on the block diagram determines the execution order of the VIs and functions. VIs, or virtual instruments, are LabVIEW programs that imitate physical instruments.
In LabVIEW, we build a user interface by using a set of tools and objects. The user interface is known as the front panel. After building the front panel, we add code using graphical representations of functions to control the front panel objects. We add this graphical code, also known as G code or block diagram code, to the block diagram. In some ways, the block diagram resembles a flowchart.
Up to its previous version we need some source of measurement but this version has facility to produce its own data as per requirements by simulation of the required model and attaching them into LabVIEW, this saves the NRE cost.
This version has enhanced toolkit communication.

5.1.2 Multisim 12.0
National Instruments (Nasdaq: NATI) recently introduced Multisim 12.0 with specialized editions for circuit design and electronics education. Multisim 12.0 Professional Edition is based on industry-standard SPICE simulation and optimized for usability. Engineers can improve design performance to fit their applications by minimizing errors and prototype iterations with Multisim simulation tools that include both customizable analyses developed in NI LabVIEW graphical system design software and standard SPICE analyses and intuitive measurement instruments. Multisim 12.0 also provides unprecedented integration with LabVIEW for closed-loop simulation of analog and digital systems. Using this all-new design approach, engineers can validate field-programmable gate array (FPGA) digital control logic alongside analog circuitry (such as for power applications) before leaving the desktop simulation stage. Multisim Professional Edition is optimized for layout routing and rapid prototyping needs, making seamless integration possible with NI hardware such as the NI reconfigurable I/O (RIO) FPGA platforms and PXI platforms for prototype validation.
Multisim 12.0 Education Edition incorporates features specialized for teaching and is complemented by a complete solution of hardware, textbooks and courseware. This integrated system helps educators engage students and reinforce circuit theory with an interactive, hands-on approach to investigating circuit behavior. With the addition of new capabilities, Multisim 12.0 can now also facilitate student comprehension of topics in mechatronics, power and digital curricula, expanding the use of a single environment throughout engineering education. Widely implemented throughout academia, technical colleges and four-year universities choose Multisim for its interactive components, simulation-driven instruments and integration to the NI Educational Laboratory Virtual Instrumentation Suite (NI ELVIS) and NI myDAQ educational hardware platforms. 
Some outline additional features of Multisim 12.0 which make it apart from its previous versions are:
4. System-level, closed-loop simulation of analog and digital applications with Multisim and LabVIEW saves time in the design process
4. All-new database enhancements including electromechanical models, AC/DC power converters and switch-mode power supplies for designing power applications
4. More than 2,000 new database components from Analog Devices, National Semiconductor, NXP and Phillips
4. 90+ new pin-accurate connector symbols make custom accessory design for NI hardware easier

5.1.3 LabVIEW-Multisim connectivity toolkit
The traditional world of circuit design and test continue to be segregated by different tools and a lack of a common interface to facilitate the transfer of design and test data. This divide between initial analysis of a design, and the verification of prototype behavior, has long been the cause of errors and multiple prototype iterations.
By leveraging simulation as a part of the design flow, the behavior of the circuit can be dynamically evaluated, and errors identified earlier. With improved validation, and benchmarking of prototype performance, the overall success of the design can more appropriately be judged.
NI Multisim and NI LabVIEW are unique in their ability to transfer simulated and real measurement data, as a part of an integrated platform. Through this integration, the test environment (LabVIEW) is able to acquire not only prototype measurement data, but also simulation output. With both sets of data in a single interface, comparison and correlation can be easily approached. With an extensive set of analysis functions, LabVIEW can further analyze how the prototype deviates from the expected results (simulation).
5.1.4 Control Design and Simulation Toolkit
Control design is a process that involves developing mathematical models that describe a physical system, analyzing the models to learn about their dynamic characteristics, and creating a controller to achieve certain dynamic characteristics.
Simulation is a process that involves using software to recreate and analyze the behavior of dynamic systems. We use the simulation process to lower product development costs by accelerating product development. We also use the simulation process to provide insight into the behavior of dynamic systems we can not replicate conveniently in the laboratory.
labVIEW has several additional modules for control and simulation purposes, e.g., LabVIEW Control Design and Simulation Module, LabVIEW PID and Fuzzy Logic Toolkit, LabVIEW System Identification Toolkit and LabVIEW Simulation interface Toolkit. Figure 5.1 shows Control Design and Simulation Pallete. 
[image: ]
					Figure-5.1
The feature of Control Design and simulation in LabVIEW which is very useful in connecting multisim design in simulation loop is shown in figure 5.2.
5.1.5 Sound and Vibration Toolkit
The sound and vibration toolkit is a collection of Vis for LabVIEW that we can use to perform tkpical measurement required by audio, acoustics and vibration applications. In this project I make use of only one Sound and Vibration VI that is SVT Gain and Phase VI  [image: ].
5.2 MULTISIM 12.0 DESIGN OF 4-BUS SYSTEM
To start design first invoke the Multisim software, for this go to program menu and select
All programs >> national instruments >> circuit design suite 12.0 >>  Multisim 12.0
By right clicking on the blank area option menu will open. By selecting the choices we simply select and place a component in the multisim design. A typical 4-bus system can be made as shown in figure 5.3.
                    [image: ]
 					Figure 5.2
[image: ]
				Figure 5.3

Simple one line diagram of the model figure 5.3 is shown in figure 5.4
[image: ]
					        Figure 5.4
If we use the simulation model of figure 5.3 then it has some co simulation difficulty with LabVIEW like
3. Co simulation does not support more than 24 HB/SC connector and this design require this maximum number which slow down the process and waiting time can be upto 4-5 minutes.
3. The co simulation block diagram design will very large to be reflect over screen.
 Due to above limitations it is necessary to go with the single line module of bus system. The single line bus system designed with the parameters as described in chapter-1 is shown in figure 5.5.

[image: ]
					Figure 5.5
The key notes of process of multisim design are:
1. By right clicking on the blank space and selecting place on schematic >> bus we can place bus.
1. By right clicking on the blank space and selecting place on schematic >> components we can place resistors, inductors, energy source etc.
1. In order to make multisim design usable in control simulation design in LabVIEW we need to place HB/SC connectors([image: ]) by right clicking on the blank space and selecting place on schematic >> HB/SC connector.
1. HB/SC connectors must be configured as input or output so that it can be used by control and simulation logic either for gathering information from multisim design or to supply control parameters to it.
1. HB/SC connectors are configures as input or output by slecting view >> LabVIEW co simulation terminals. As we do this a window opens showing all HB/SC connectors. By selecting mode column in front of a connector we can configure it as input or output. Also the type of data can be configured as voltage or current.
1. Current probe is selected from measurement palette. 
Once the components are connected and HB/SC connectors are configured the multisim design of 4-bus system is complete.
NOTE:- Still in this version of Circuit Design Suite, it is unable to configure energy source, like capacity, active and reactive power of ac source.

5.3 LabVIEW 2011 CO SIMULATION DESIGN
Invoke the LabVIEW software by selecting all programs >> national instruments >> LabVIEW 2011 >> LabVIEW
Then select file >> new VI
Two windows will open namely front panel and block diagram.
For this project all design must be made under Control and Simulation loop in the block diagram window.
[image: C:\Documents and Settings\UK\My Documents\My Pictures\untitled.bmp]  Figure 5.6

In control and simulation loop a multisim design is selected as follows:
Navigate to control design and simulation >> external model interface >> multisim, a multisim design node will appear as shown in figure 5.7 below.
[image: ]                [image: ]
					Figure 5.7

Then select the name of multisim design (file name ending in .ms12) and click OK.
The complete front panel of the project is shown in figure 5.8 and the logical flow block diagram is shown in figure 5.9.
[image: ]                  				Figure 5.8 Front Panel


[image: C:\Documents and Settings\UK\My Documents\My Pictures\block diagram.JPG]
						Figure 5.9 Block Diagram


5.3.1 RMS measurement
RMS measurement of an ac waveform is performed using “Basic DC-RMS VI” [image: ] found by right clicking on block diagram and selecting
	Signal Processing >> Waveform measure >> Basic DC-RMS
This VI works well alone or in programming loop but while using it under Control and simulation loop it has sampling time error because it does not simply synchronize with the sampling time interval of control and simulation loop. So it is necessary to make some special arrangement for RMS measurement of waveforms. The block diagram of sub VI used for this purpose is shown below.
              [image: ]
             Figure 5.10 block diagram of Sub VI for RMS measurement
Different pellets used in this Sub VI are described here.
5.3.1.1 Insert into array function
                       [image: ]
Inserts an element or subarray into n-dim array at the point we specify in index. When we wire an array to this function, the function resizes automatically to display index inputs for each dimension in the array. If we do not wire any index inputs, the function appends the new element or subarray to the end of the n-dim array. If the index input is larger than the array size, the function does not insert anything into the input array. Its different functional pins are:
n-dim array is the array in which we insert an element, row, column, page, and so on. This input can be an n-dimension array of any type.

index 0..n-1 specifies the point in the array at which we want to insert the element, row, column, page, and so on. You can wire only one index input. For example, to insert a 1D array as the fourth row of a 2D array, wire 3 to the first index input, and the second index input becomes disabled. To insert the array as the fourth column of the 2D array, wire 3 to the second index input, and the first index input becomes disabled.
n or n-1 dim array is the element, row, column, or page we want to insert into the array specified in n-dim array.
output array is the array this function returns with the inserted element(s), row(s), column(s), or page(s).
5.3.1.2 Array Subset Function
                         [image: ]
Returns a portion of array starting at index and containing length elements.
Its different functional pins are:
array can be an n-dimensional array of any type.
index specifies the first element, row, column, or page to include in the portion of array you want to return. If index is less than 0, the function treats it as 0. If index is greater than or equal to the array size, the function returns an empty array. 
length specifies how many elements, rows, columns, or pages to include in the portion of array you want to return. If index plus length is larger than the size of the array, the function returns only as much data as is available. The default is the length from index to the end of array.
index specifies the first element, row, column, or page to include in the portion of array you want to return. If index is less than 0, the function treats it as 0. If index is greater than or equal to the array size, the function returns an empty array.
length specifies how many elements, rows, columns, or pages to include in the portion of array you want to return. If index plus length is larger than the size of the array, the function returns only as much data as is available. The default is the length from index to the end of array.
subarray is of the same type as array.

5.3.1.3 Initialize Array Function
[image: ]
Creates an n-dimensional array in which every element is initialized to the value of element.
Its different functional pins are:
element is the value used to initialize all elements of initialized array. Element can be any scalar type.
dimension size 0..n-1 must be a number. The function creates an empty array if any dimension size is 0. We must have n dimension size terminals for n-dimensions.
	


initialized array is an array of the same type as the type we wire to element.
5.3.1.4 Memory Function
[image: ]
This VI found in Control Design & Simulation >> Simulation >> Utilities >> Memory

Stores the value of the Input signal from the previous iteration of the simulation. Use this polymorphic function to transfer values from one iteration of the Control & Simulation Loop to the next. The data type we wire to the Initial Value input determines the polymorphic instance to use.
5.3.1.5 Build Waveform Function
			[image: ]
Builds an analog waveform or modifies an existing waveform. If we do not wire the waveform input, the function creates a new waveform based on the components wired. If we wire the waveform input, the function modifies the waveform based on the components we wire. Its different pins are:
waveform is the waveform we want to edit. If we do not wire an existing waveform, the function creates a new waveform based on the components we  wire.
t0 specifies the start time of the waveform.
dt specifies the time interval in seconds between data points in the waveform.
Y specifies the data values of the waveform.
5.3.1.6 Get Time/Date in Seconds Function
					[image: ]
To find out this VI right click on block diagram and go to
Programming >> Timing >> Get Time/Date in seconds 
Returns a timestamp of the current time. LabVIEW calculates this timestamp using the number of seconds elapsed since 12:00 a.m., Friday, January 1, 1904, Universal Time.
5.3.1.7 Basic Averaged RMS-DC VI
		[image: ]
Calculates the DC and RMS values of an input waveform or array of waveforms. This VI is similar to the Averaged DC-RMS VI, but this VI returns only one DC value and one RMS value per input waveform.
Wire data to the signal in input to determine the polymorphic instance to use or manually select the instance. Different pins of this VI are:
reset resets the history of our time signal. We typically use reset to reset the exponentially averaged measurement.
signal in is the input waveform.
averaging type is the type of averaging used during the measurement. Because this VI computes one DC and one RMS value per input waveform, the input record length selects the averaging time. If averaging type is exponential, this VI calculates the DC and RMS values using an exponentially weighted averaging measurement starting from the previous DC and RMS values. 
	
	

	
	


window is the window to be applied to the time record before DC/RMS computation. LabVIEW ignores this input if averaging type is exponential. 
	
	

	
	

	
	


error in describes error conditions that occur before this node runs. This input provides standard error in functionality.
DC value is the measured DC value in volts if the signal is in volts.
error out contains error information. This output provides standard error out functionality.
measurement info returns information about your measurement, mainly warnings for inconsistencies in your input signal.
5.3.2 Phase Measurement Sub VI
[image: ]
Figure 5.11
Similar to Basic DC-RMS VI, SVT gain and phase VI also not work properly with control and simulation loop so it also need some other sampling arrangement. Since phase measurement require sampling of voltage and current both so similar to RMS measurement sampling is done with voltage and current both. Only difference is gain and phase VI.
5.3.2.1 SVT Gain and Phase VI
[image: ]
It computes the gain and phase between stimulus signal X and response signal Y at the fundamental frequency. This VI returns the detected fundamental frequency. This VI returns the detected fundamental frequency, detected response amplitude, gain and phase lag. This VI does not maintain state internally; we can use this VI in a loop to process multiple blocks. Different pins of this VI are:
desired units specifies the engineering units of the returned measurements.
stimulus signal X [EUx] specifies the scaled signal acquired from the stimulus channel expressed in the selected engineering units. 
response signal Y [EUy] specifies the scaled response signal expressed in the selected engineering units.  
error in describes error conditions that occur before this node runs. This input provides standard error in functionality.
unit labels returns the unit label for each member of desired units.
complex spectrum stimulus X returns the complex form of the computed spectrum for the stimulus channel.
complex spectrum response Y returns the complex form of the computed spectrum for the response channel.
gain returns the ratio of the response amplitude to the stimulus amplitude.
phase lag returns the phase delay of the tone at the detected fundamental frequency between the stimulus and response channels.
error out contains error information. This output provides standard error out functionality.
detected tone stimulus returns frequency and amplitude of the detected stimulus tone.
detected tone response returns the frequency and amplitude of the detected response tone.
5.3.3 Formulae node
[image: ]
Evaluates mathematical formulas and expressions similar to C on the block diagram. The following built in functions are allowed in formulas: abs, acos, acosh, asin, asinh, atan, atan2, atanh, ceil, cos, cosh, cot, csc, exp, expm1, floor, getexp, getman, int, intrz, ln, lnp1, log, log2, max, min, mod, pow, rand, rem, sec, sign, sin, sinc, sinh, size Of Dim, sqrt, tan, tanh. There are some differences between the parser in the Mathematics VIs and the Formula Node.



Chapter-6
CALCULATIONS AND RESULTS

In the single line diagram of figure 5.5, we can write the relationship in matrix form  as
		IBUS = YBUS × VBUS						(1)
The admittance matrix is as follows
		YBUS =					(2)
		Y11 = 1.005  -63.26o;  Y12 = Y21 = -0.5  -63.3o
		Y13 = Y31= -0.5  -63.3o;  Y14 = Y41 = 0;
		Y22 = 1.505  -63.23o; Y23 = Y32 = -0.5  -63.3o;
		Y24 = Y42 = -0.5  -63.3o; Y33 = -1.503  -63.28o;
		Y34 = Y43 = -0.5  -63.3o;  Y44 = -1.005  -63.19o
		VBUS = 					(3)
On solving the above relationship we get current matrix as follows:
		IBUS = 					(4)
Similarly active and reactive power can be calculated using the formulae.
The simulation waveforms and results are shown in figure.




[image: ]
Fig. 6.1  waveforms of energy source of four Buses.
[image: ]
Fig. 6.2  Bus source current and phase
[image: ]
Fig. 6.4 source active and reactive power



[image: ]
Fig 6.3 Bus Load current and Phase
Fig. 6.5 load active and reactive power



Chapter-7
CONCLUSION AND FUTURE SCOPE OF WORK

In this project work a Virtual SCADA system using LabVIEW is proposed for a Power Bus System and Paremeters like Voltage, Currents, Phase angle, Active and Reactive Power at load and Source is measured and Compared with the calculated value and it found working well within the limit of software available till date. As the software power of LabVIEW and its tools and computability of personal computer will increase the software will work more faster and effectively and can incorporate more functions like communication, alarming anc controlling.
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Modelling of 4 bus system
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