ABSTRACT

With increasing use of microprocessor-based relays of ac motors, incorporating logic into relays has become more common.
Traditional relay and control schemes used dc control schematics to describe how schemes functioned. The ability to see electrical paths aided technicians during testing and troubleshooting with ac motors. As logic is incorporated into relays, the ability to visualize logic is important for complete testing and troubleshooting. This paper describes the need for documenting relay logic, highlighting the importance of testing, and understanding relay logic. The paper describes real-world examples of misoperations due to failure to fully test logic schemes, and it reviews several documentation methods.

Advancements in technology using microprocessors have led to many improvements in distribution protection: lower installation and maintenance costs, better reliability, improved protection and control, and faster restoration of outage.

Microprocessor-based distribution relays provide technical improvements and cost savings in several ways.
One improvement is the use of programmable logic to reduce and simplify wiring. The relays also provide protection for bus faults, breaker failure, and high-side transformer blown fuse detection at no or minimal additional cost. The relays have metering functions that reduce or eliminate the need for panel meters and transducers and provide remote targeting and fault location information to assist operators in the restoration of electrical service.

INTRODUCTION

Microprocessor-based distribution relays contribute to improved reliability and reduced costs on electric power systems. Microprocessor-based relays, also called digital relays, have a proven track record of reliability, with over 100,000 relay-years of field experience. Microprocessor based relays provide technical improvements and cost savings in several ways:

· The relays use programmable logic to reduce and simplify wiring.
· The relays provide protection for bus faults, breaker failure, and high-side transformer blown fuse detection at no or minimal additional cost.
· The relays have metering functions to reduce or eliminate the need for panel meters and transducers.
· The relays reduce maintenance costs by providing self-test functions and high reliability.
· The relays provide remote targets and fault location information to assist operators in restoration of electrical service.











Simple Functional Block Diagram of Digital Relay

Microprocessor-based relays, also called digital relays, typically consist of an ac signal data acquisition system, a microprocessor, memory components containing relay algorithms, contact inputs to control the relay, and contact outputs to control other equipment. Figure shows a simple hardware block diagram.
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Voltage and current inputs are isolated, filtered, and sampled. Then they are scaled and converted to digital quantities for the microprocessor. The microprocessor program filters the data, creates the relay characteristics, and controls the relay outputs.

	











Overview of project report
Functions Required of Motor Protective Relays
Motor Protective Relay applications can be grouped by purpose into the following categories.

1. Protecting the motor itself (burnout protection)
2. Minimizing damage to the load connected to the motor

Motor Protective Relays have the following functions
1. Overload elements:
    Overcurrent elements
    Time elements
2. Open-phase elements
3. Reverse-phase elements

Motor Protective Relay Characteristics

There are several problems that must be addressed with using a motor and Motor Protective Relay. The following section describes an open-phase voltage drop, motor current waveform distortion, capacitor installation to improve the power factor, and unbalanced motor currents.

Open-phase Voltage Drop (Power Supply Connection Precautions)

The voltage supplied to the Motor Protective Relay and magnet contactor does not go to zero even if the V phase is open (open wire) as shown in Fig. Only about half the voltage between the U and W lines (Vuw) is applied because Vuw is split by the X and Y windings of the motor and the impedance of the magnet contactor excitation coil and the Motor Protective Relay power supply circuit is significantly higher than that of the X and Y windings. You can choose here to have the Motor Protective Relay detect the open phase and operate with just half the rated voltage to shut down the magnet contactor or have it reset automatically because it cannot operate on half the voltage.
Protection will be disabled, however, if the magnet contactor power supply and Motor Protective Relay power supply are out of phase. As shown in Fig. for example, both the Motor Protective Relay and magnet contactor are drawing power from the U and W phases, but if we make it so only the magnet contactor is drawing power from the U and W phases, then the magnet contactor will not reset despite an open V phase because the rated voltage will be applied to the contactor and the Motor Protective Relay cannot operate because only half the voltage is applied to it. Therefore you can operate the Motor Protective Relay with half the voltage or reset the magnet contactor with half the voltage through careful wiring. Care is required either way.
[image: http://www.ia.omron.com/support/guide/37/img/motor_protective_tg_ov_10.gif]

1. When the V phase is open, the X and Y windings split Vuw and about half Vuw is applied to the magnet contactor and the Motor Protective Relay.
2. Connect the phase-advance capacitor to the power supply after the current transformer.

Motor Current Waveform Distortion
Current should be supplied to the motor with the sine wave shown in the figure above, but highly distorted current waveforms have been observed in some battered, old submersible motors that are operating perfectly fine.
Motor Protective Relays are designed for sine wave input, so distortion of the waveform will increase activation current value errors with overload elements or cause open- and reverse-phase elements to operate improperly. You could conclude from this that voltage-type fast activating reverse-phase elements are preferable over current types because there is generally less distortion in the voltage waveforms of motors.
Capacitor Installation to Improve the Power Factor
Install an advance-phase capacitor parallel to the motor as shown in Fig. to improve the motor's power factor. Current supplied to a motor with a light load is almost always reactive and susceptible to infusion of higher harmonics. Installing a capacitor parallel to the motor will negate the fundamental harmonic component leaving only higher harmonics. If the harmonic current is significant, then the open-phase and reverse-phase circuits designed for 50/60 Hz sine wave input tend to malfunction. This rarely occurs because the harmonic current is generally low. It is safer, however, to install the capacitor before the Motor Protective Relay as shown in Fig. to lower the odds of circuit malfunction.
If the capacitor is installed after the Motor Protective Relay, the motor current appears to drop. The problem is that you have to anticipate that drop when setting the overcurrent must-operate value for the Motor Protective Relay. From that standpoint, you should apply no more than the motor current to the Motor Protective Relay.






Stator protection
The stator protection from the faults is provided with help of thermal or dash pot type overcurrent tripping devices giving an inverse time-current characteristic and usually providing instantaneous tripping at highcurrent.
Phase fault protection is provided by two high set instantaneous relay elements; the setting is so chosen that it is well above the maximum starting current.
Earth-fault protection for motor operating on an earthed neutral system is provided by means of a simple instantaneous relay having a setting of approximately 30% of motor full load current in residual circuit of three CTs; operation of relay due to CT saturation during initial high starting current should be avoided. This is usually achieved by increasing the voltage setting of the relay by inserting a stabilizing resistance in series with it.








Rotor protection
Any form of unbalance either in supply voltage or in the loading pattern will cause negative sequence current to flow in the stator which will induce high frequency current in rotor.
The rotor heating due to the positive sequence component of the stator current is proportional to dc. resistance value while the heating effect on rotor windings of negative sequence component is proportional to the a.c. resistance value.
Obviously the heating effect of negative sequence current is greater than the positive sequence current.
Motor protection therefore must take this in to account if it is to decide correctly what load the motor can stand for degree of voltage unbalance without overheating.
Types of protection provided for unbalance voltages will be discussed subsequently. On wound rotor machine some degree of protection against the faults in the rotor winding can obtain by an instantaneous overcurrent relay measuring the stator current.








Overload protection
The overload protection is so designed that it matches as closely as possible the ratting curve of the majority of motor.
The protection characteristic should lie just below the heating curve of the motor protected. The protection should not the motor to restart after tripping while the winding temperature is still high as this may have dangerous.
In order to be an effective safeguard an ideal protection should therefore not only match the heating characteristic of the motor but also its cooling characteristic. It must also be ensure that relay must not started under heavy starting current up say 6 time full load current which can last for few seconds, half a minute or even longer in exponential cases.
The thermal time constant of most type of motors is of order of 15 to 20 minutes, hence for protection from overload the relay should have a time constant slightly lower than this.
When a motor stalls, a current equal to the starting current flows and serious damage results if it persists for time longer than the starting time. Hence, the closer the characteristic of the overload relay matches the starting current curve the batter is the motor protected against such damage.
A typical overload protection is 120% of full load current. With the help of time multiplier setting the operating time at high values of overcurrent can be adjusted to match the motor starting characteristic without changing the current setting. 

Unbalance and single phasing protection
The unbalance three phase supply cause negative sequence current flow in in motor which is likely to cause overheating of machine winding. Unbalance loads or accidental opening of one phase of the supply depending on the load still keeps the motor running, although such condition also cause the negative sequence current to flow in the motor.
As pointed out earlier for star connected motors, complete overload and single phasing protection can be provided by fitting two overload elements.
The characteristic of the overload elements are such the motor is permitted to run with supply on two phases only until such time as there is a risk of thermal damage. For delta connected motor such an arrangement gives satisfactory protection when the motor is running with more than 70% of full load. For detecting the condition of single phasing is to provide a phase balance relay.







Undervoltage protection
 Operation of motor on undervoltage will generally cause overcurrent and thus can be protected by overload devices or temperature sensitive devices. However, a separate single element undervoltage relay energized with phase earth or phase-phase voltage can provided to protect against a three phase drop in voltage or an attempt to start with low voltage on all phases. Voltage drop.
A time delay is usually incorporated to prevent tripping by transient 















Reverse phase protection
The direction of the rotation of the motor changed if the phase sequence is changed. In some motor application this type of protection may become essential features of motor protection.
An induction disc, polyphase voltage relay is used to protect motors from stating with one phase open or with reverse phase sequence. Its torque is proportional to the sine product of the two line to line voltages. The relay will close its contacts and hence the motor will not start unless all three phases are present and in the correct sequence.













Loss of synchronism
A synchronous motor may pull out of step due to severe overload or due to reduction in supply voltage. Such a condition may be detected by a relay which responds to change in power factor that occurs when there is pole slipping. 
The voltage between two phases is compared with the current in third phase; an attracted armature relay energize from a full wave rectifier bridge is differentially connected and is in the operated state so long as the motor is in synchronism. A nonlinear resister protects the rectifier and extends the operating range of the relay.  
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