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CHAPTER –II
DESIGN ASPECTS OF SUB-STATION MONITORING SYSTEM

2.1 INTRODUCTION 

Reliable and quality power has become one of the most critical issues facing business today.  For critical loads, such as, transformers, motors, computer hardware components, instrumentation and control system, anything less than high quality power and reliability means possible equipment malfunction and system downtime. This can lead to loss of millions of rupees in production costs. “Harmonics”, associated with “power quality” is one of the problems industries are facing today. The Indian industry therefore needs to be fully aware of the impact and content of harmonics, so as to take corrective measures to eliminate or minimize the level of harmonics.

An estimated 70% of electrical disruptions on account of Harmonics originate at the operating units for a variety of reasons, viz., design, operating conditions of equipments, etc., Any major effort on measuring and eliminating or minimizing harmonics will therefore facilitate increased availability of equipment and higher efficiency. However there is a lacuna regarding the information available is scarce and scattered. Hence there is a pressing need to disseminate knowledge on techniques to analyse  Harmonics and the Power quality.

For industrial and commercial applications, it is usually necessary to monitor the three phase Harmonics and power quality. Various types of instruments are commercially available for measuring 3-phase power and harmonic distortion. In this way, the related 3-phase quantities may be observed easily to better understand how the power system of the industries functioning.
In the present chapter various design aspects of sub-station monitoring  system will be discussed. Detailed design  procedure for  a typical Substation Monitoring and Control System will be developed.  
The proposed system is purely on Digital Signal Processor (DSP) based harmonic and power analyzer. In this project we aim at measuring the 3-phase Voltage and Current Harmonics, Power Factor and RMS values, providing a cheap and high quality measurement. 
2.2
SUBSTATION MONITORING AND CONTROL

The substation provides points in a distribution system, where means of diverting flow of energy along alternate routes, can be installed. An electric substation is basically an assembly of switchgear components used for the above purpose and to provide security of supply by provision of protective devices. The substation also provides compensation for reactive power flow along the input side. Thus, the role of a substation can be summarized as follows:

i. Stepping down the voltage for the distribution network

ii. Providing protection against local faults

iii. Providing VAR compensation for the HT side

iv. Minimizing the down-time during the faults

v. Providing measurements of the system parameters

In order to monitor the system parameters, instrument PTs (Potential Transformers) and CTs (Current Transformers) are provided along with the meters on the panel (both analog & digital). The parameters that are measured & displayed in the substation are the instantaneous voltage, current, power factor, power, frequency etc.   The terminal voltage is maintained at a specified value by tap-changing arrangements either manually or semi-automatically.  Reactive power compensation at the substation level is provided manually based on the power factor measurement.  Logbooks are used to maintain the time of tripping of circuit breakers due to local and transmission line faults and the time of fault clearance.


Now-days the substation monitoring & control is achieved through the SCADA (Supervisory Control And Data Acquisition) concept. The people find difficulties in adopting these techniques for the substation monitoring and control due to the following reasons:
vi. Since the DAS is a concentrated data collection network, the data to be collected are concentrated at one place and then the information is transmitted to the remote place or to the computer. 

vii. Any addition or removal of monitoring points or control in the DAS can be achieved by changing the hardware configurations only. The process becomes very tedious and costly.

viii. Always one-way communication is established between the DAS and the computer.

ix. Sequential scanning of the channels in the DAS causes time consuming and makes the system slower.

The above shortcomings are removed in present implementation.  Since Network is the backbone for any on-line measurements distributed over wide area is designed in such a way that the measurements and controls are done based on the networking concept.  Here Nodes are designed and used for each feeder measurements, physical parameter measurement, status monitoring and controls.  The computer acts as a server and each node act as a component of the network (like clients).    Each Electrical Measurement Nodes are similar in design and they are identified by its built-in NODE ID concept.   These  features can be achieved through the latest concept called NODE concept, which is better than the DAS concept in the following ways:

x. The node is a component of a network.

xi. The node is a distributed data collection network tool; but DAS is concentrated data collection tool.

xii. The configuration of the nodes can be easily changed by changing its configuration through the computer software.

2.3
Problem Definition
 
This project aims at measuring the 3-phase Voltage and Current Harmonics, Power Factor, RMS values of the voltage and current, real and apparent power. This project has the following features:
i. Simultaneous sampling of all the 3-phases to avoid any delay.
ii. Measure up to 64th Harmonic. 
2.3.1
Power Measurement Parameters

In a Poly phase system, the voltages are equal in magnitude but differ in their phase angles.  They are displaced  from each other by 360/n, where ‘n’ is the number of phases in the system.  The most common poly phase system is the three phase system.  In a three phase system, the voltages are displaced by a phase angle 120 degrees.  Taking  ‘r’ to be reference  phase, the instantaneous values of the three phases  (‘r’, ‘y’ & ‘b’) are given as :
Vr = Vmax Sin wt        






…….
(2.1)

Vy = Vmax Sin (wt-120)





…….
(2.2)
Vb = Vmax Sin (wt-240)





…….
(2.3)
 
Where w  is  the angular velocity of the rotor ,t  is  the time taken  and 
 
Vmax  is the maximum voltage

In  50 Hz  AC circuit, the active  power is calculated by sampling the voltage and current  simultaneously at the rate of 20 or 40 samples per cycle.  The corresponding voltage and current values are multiplied to give the instantaneous active power. The active power values are then averaged over a cycle to give the instantaneous effective active power in the AC circuit.

2.3.2
Calculation of Parameters for  (Single Phase System)
2.3.2.1
Instantaneous Effective Voltage (r.m.s)
The instantaneous Effective Voltage is the square root of the sum of the squares of the instantaneous voltage sampled, divided by the number of samples, i.e



Vrms = (1/n 
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(2.4)      
2.3.2.2
   Instantaneous Effective Current (rms)

The Instantaneous Effective Current is the square root of the sum of the squares of the instantaneous current sampled , divided by the number of samples, i.e



Irms = (1/n 
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(2.5)
2.3.2.3 Instantaneous Apparent Power (A)
The instantaneous Apparent Power is the product of the effective values of voltage and current. It’s unit is Volt Ampere.  It is give as 


A = Vrms X  Irms 





…….
(2.6)
2.3.2.4 Instantaneous Active Power (W)
The Power which is actually consumed in the circuit is called the Active or True Power.  It is given by the sum of the product of the instantaneous sample values of the current and voltage,  over a cycle, divided by the number of samples.  Mathematically, it is given as 


W = 1/n  
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(2.7)
2.3.2.5
Instantaneous Reactive Power (Q)
 
The power consumed the reactive components from the source in one half cycle is returned to the source in the next half cycle.  This calculation of power is called Reactive Power.  It does not  contribute to the useful work and is given by the relation 



Q = ( (VA)2 – (W)2 )1/2 





……..
(2.8)
2.3.2.6
Power  Factor (pf)
Power  Factor is defined as the ratio of  active active power and the apparent Power. It is  given as 



pf = W / A






……..
(2.9)
2.3.3
Calculation of Parameters for   (Three Phase System)
2.3.3.1
Three  Phase Active Power 
The three phase active power is the sum of the active power of the three phases.



W = W1+W2+W3 





……..
(2.10)
2.3.3.2
Three Phase Active Energy
The three phase active energy is the product of the three phase active power and the time taken for sampling  and  calculation  which can be expressed as 

Eact  = W x t  






……..
(2.11)
The Energy is usually expressed in Kilo Watt Hours  (KWH)
2.4 Methodology

The Substation Monitoring and Control System requires the following arrangement  at the sub-station level for implementation of the system :
i. A signal conditioning circuit will be used to step down the voltage and current from the power line to the required level.
ii. An A-D converter will be used to sample the analog input signal and converts to digital form.
iii. A standard DSP will be  used for the Harmonic and Power calculation.
2.5 
Sub-station   DESCRIPTION   and    MONITORING   system
                            layout configuration 
The system has been designed for implementation in a sub-station. The line diagram of which is given a fig. 2.1  The substation has a capacity of 500 KVA at 11 KV. The substation is equipped with two transformers of capacity of 250 KVA, with 11KV / 400V (Delta – Star) each. The substation has one isolator with two Oil Switch Fuse (OSF) on the HT side. It supplies power to many units located within the complex. It has 2 panels with more than 16 distribution feeders. Monitoring of power level at the two transformer outputs gives the total incoming power (excluding the transformer losses). Hence two Electrical Measurement nodes are planned to be installed to monitor the same. Similarly, nine more Electrical Measurement nodes are installed at power-consuming feeders.  

The oil temperature of the two transformers and the oil level of the transformer tanks can be monitored by placing one Physical Node, which has the feature to monitor totally eight channels. 

In order to monitor the status of the Circuit Breakers (CBs) and to provide the controls, one I/O node is placed in the substation. The control action can be simulated.

The system  lay out  configuration for implementation is given  at figure.2.2 . It consist  the of following Nodes :-
xiii. Eleven Electrical Measurement Nodes,

xiv. One Physical Node and

xv. One I/O Node.

SUBSTATION  layout single LINE DIAGRAM

[image: image4.jpg]‘ENERGY NODE PLUS

v POWER ON &P RPHASE & TAMPER

' NODE RESET Q Y PHASE . START UP

, METER RESET {@@ B PHASE W@ raiL

Developed at CSIO, CSIR Complex, Taramani, Chennai — 600 113





System Lay out Diagram

           ENP 1….n
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2.6
COMPONENTS  of Monitoring SYSTEM


The  Monitoring System has following Components :

xvi. One Electrical Node Plus (ENP) is used to measure all the three phase electrical parameters of a particular feeder (say one feeder / panel).

xvii. One Physical node contains 8 channels of analog input in the form of 4-20mA, which is configurable to measure any physical parameters.

xviii. One input / output Node contains 24 I/O lines which can be configured at any time.

xix. Each node should be identified through Node ID concept.

xx. Nodes of similar Groups are interchangeable.

2.7     Electrical ParameterS TO BE  measurED for  feeders/

panels / load 
The following parameters shall be measured  by ENP at Feeder/Panel/Load level :
i. Voltage
ii. Current
iii. Power factor
iv. Frequency
v. Active, Reactive, Apparent powers
vi. Active (exported / imported) energy
vii. Reactive (capacitive/ inductive) energy etc.


The Energy Node Plus (ENP)  is a comprehensive tool for monitoring the 3 phase electrical parameters. This module consists of 3 boards, which are explained elaborately in the subsequent section. Basically ENP is based around the Two-chip solution, which is readily available for such measurement. This two-chip solution can be used along with any 8 bit micro controller and with proper signal conditioning circuits. The output of the ENP is RS 485 compatible, which can be directly coupled to the computer for measurement.
2.8
Physical Parameters Monitoring
PHYSICAL PARAMETERS
The following  physical parameters will be monitored :
i. Temperature
ii. Pressure
iii. Flow
iv. Level
v. Speed
vi. pH  etc

The physical parameters listed above should be monitored necessarily, in order to make the Substation Monitoring Tool more effective tool for control. Temperature rise of the transformer oil can be monitored to protect the transformers from over heating during fault. The abnormality can be detected and used to trip the load on the transformer. Similarly the pressure of the oil and oil level in the tank can be monitored to do the same. Hence to measure the above said parameters, physical nodes are used. Each node consists of eight channels, which accepts the input of 4 – 20 mA. It consists of an 8-bit micro controller along with an 8-bit ADC through MUX concept.

2.9 Status Monitoring
The status of the following accessories will be monitored :
i. Circuit Breakers
ii. Accessories ON-OFF status
iii. Pump / Motor ON-OFF Status etc.

Monitoring the status of the above said accessories will help in identifying the faults or to find out the running hours in order to provide proper maintenance. Schedule. I/O node is used to find the status of the equipments connected to it. The input may be of 24 V, DC or 4-20mA. These nodes are based around the 8-bit microcontroller with some programmable parallel processor interface.

2.10     Parameter Control

ELECTRICAL PARAMETERS
The following electrical parameters  in the substation will be controlled :

i. Terminal voltage Control

ii. Power factor Correction
iii. Tripping of breakers etc

ACCESSORIES 
The following accessories will be controlled at the system level :
i. Heaters

ii. Coolers

iii. Control Valve

iv. Actuators etc

2.11     Alarm & Annunciation

Annunciation & Alarm when any parameter exceeds a particular set limit (abnormality).
2.12
Fieldbus NETWORK & its ADVANTAGES     
In industries different sensors, transducers and actuators are connected to controller and controller connected to host computer, making a network usually called Industrial Networking. Initially analog signals 4-20 mA was used to connect sensors/actuators to controllers. Even today it is widely used. Here the problem is to run cables from each point to central controller and the maintenance is costly and cumbersome. Slowly digital signals are used for communicating like RS 232. Here also the problem is same as running the cables from sensors/ actuators to controller. Later multi drop technologies (known as field bus) evolved. With the same communication cable, many numbers of sensors/actuators can be connected to the controller. 

Field bus Networks are a special form of local area network dedicated to applications in the field of data acquisition and the control of sensors and actuators in machines or on the factory floor. Field bus Networks typically operate on low cost twisted pair cables. Unlike traditional networks, such as Ethernet, where performance is measured in throughput transferring large data blocks, Field bus Networks are optimised for the exchange of short point-to-point status and command messages.  The introduction of field bus concept to control world enables in the sense that user to interconnect devices from different manufactures.  It gives flexibility for devices from one manufacture can be replaced with functionally equivalent devices from another manufacture. 

In order to establish communication between two devices, they must be connected in such a way that electrical signal transmitted by one is received by other. The distance between the devices may vary from short (1m.) to long (1000 m). The information can be exchanged between the two either parallel or serial. communication is cost effective due to the use of two wires. Therefore serial communication method is used to drive electrical signal over long distances.
Field bus Networks are optimised for the exchange of short point-to-point  precise data, status and command messages. Standard network products available now for use are Field-bus®, Mod bus RTU, World-FIP, CAN, Profi-bus, Lon Works, SDS (Smart Distributed System), Genius, N-80, Inter bus-S, Device-Net.  Field-bus Technology is based on,  RS-232,  RS-485, CAN, ARCNET, IEC 1158-2, BITBUS (IEEE 1118).   

For selection of a suitable field-bus for the application following parameters have to be considered :

i)
Interconnectivity: Devices from different manufactures can be safely
                        connected to the same Field-bus.


ii)
Interoperability: The ability to connect successfully, elements from
                       different suppliers.

iii)
Inter-changeability: Devices from one manufacture can be replaced with
                       functionally equivalent devices from another manufacture.

Interconnectivity is the minimum common denominator and does not offer any significant benefits by itself. If interoperability cannot be achieved, the Field-bus installation exercise is worthless and the particular Field-bus is useless. The ultimate goal is Inter-changeability. It can only be achieved if the Field-bus specifications are complete and a proper system of testing and validation process is employed. 
Many field-bus technologies are available and each has its own specification and developed for a specific application, area, users etc. Every network has its own pros and cons and the user has to select the best, which suits to his application. Advances in microelectronics pave the way for solutions that are feasible at low cost.  As there are many manufacturers of the same instruments there is a necessity for standard communication protocol for communicating between the devices. RS-485 based send request protocol developed by CSIO has been used here.  

Reduces the complexity of the control system in terms of the hardware outlay. There is also a reduction in the amount of PLC or DCS hardware requirements. This reduces the need for large control cabinets to house such equipment and associated connecting hardware. As cabling is reduced, the need for junction boxes, control panels and large cabling runs are eliminated. These advantages relate to a direct cost saving. As the hardware requirements are reduced, so are the installation times and man power requirements. Commissioning of new installations is far more efficient as the diagnostic functions of Field-bus systems identify any connection errors. From the reduced complexity of the control system, project design engineering is made simpler, more efficient and conversely less expensive. The need for designing complicated instrument loop drawings, cable schedules, termination schedules and wiring diagrams are to a degree eliminated.   Future modifications, upgrades and refurbishment are easily carried out at very little expense. 

In this chapter various aspects of design of a Substation Monitoring and Control System has been studied in detail.  A typical Substation Monitoring and Control System has been conceptualized. This system is based upon measurement of various variables present in a substation, relaying these information around a field  bus network to  the central control unit. The technology of field bus has also been explained.
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Figure. 2.1  Single Line Diagram of Substation
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Figure.2.2 Layout Configuration of Sub-station Monitoring System
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