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Abstract- The Proposed System gives a brief review of 

Induction Generator theory. In the paper, we have 

covered the equivalent circuit along with performance 

characteristics. According to the process requirements, 

the relaying of Induction Generators can be done in 

various ways and it may vary from being a simple to 

very complex technique. For example - Induction 

Generator can be connected to natural gas system for 

minimum relaying and it can be used as a motor to 

function as accelerator and brake for a multi element 

train making it as a complicated connection. In this 

paper, a new scheme is suggested for low cost and 

reliable protection of induction motor against Under 

Voltages, Over Voltage, short circuit and Overheating.  

 

Index Terms- Induction Motor, Protection 

 

 INTRODUCTION 

 

THE INDUCTION machine is a rugged simple 

machine consisting of a stator and caged rotor. The 

stator establishes a magnetic field which rotates at 

synchronous speed around the air gap. The flux of 

this field links the rotor, and the relative motion of 

the rotor, with respect to the rotating field, 

determines whether the induction machine acts as a 

motor or generator.  

The induction machine does not know whether it is a 

motor or generator.  

It will function as either, depending only on the 

machine speed relative to its design synchronous 

speed. If the rotor speed is less than the rotating 

magnetic field, the induction machine is motoring. 

When the rotor speed is greater than the magnetic 

field speed, the machine is acting as a generator. 

As a motor, the directions of the real and reactive 

components of current are into the stator, and the 

transfer of energy across the air gap is to the rotor.  

As a generator, the transfer of energy is from the 

rotor to the stator. The reactive component of current 

is still into the stator, and the real component of 

current has reversed and is out of the rotor. Use is 

made of this concept in the relaying. The real 

component of current is into the stator as a motor and 

out of the stator as a generator. 

 

PROCESS DESCRIPTION 

 

The block diagram in Fig. 2 illustrates the process 

flow. It is a boots and strap operation where air is 

compressed and supplied to the regenerator of a fluid 

catalytic cracker unit (cat cracker). In the regenerator 

coke is burned off the catalyst (cat cracker). In the 

regenerator, coke is burned off the catalyst exhaust 

flue gasses or hot gasses are normally wasted by 

venting to the atmosphere.  

The first attempts to recover this wasted energy 

through hot gas expanders failed because the dirty 

flue gas destroyed the expander blades after only a 

few hundred hours. With the development of the third 

stage . separator to remove the catalyst, the hot gas 

can now be run through the separator and conditioned 

by water to a temperature suitable for the hot gas 

expander.  

The energy recovered from the hot gasses through the 

expander now drives the compressor and in most 

instances supplies more horse power to the drive train 

than required by the compressor. The extra 

horsepower (energy) of the expander now drives the 

train to a new speed and is braked by the induction 

motor/generator acting as a generator. In this 

operating mode kilowatts are delivered to the system 

through the motor/generator. 
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To have the hot gasses available for the expander it is 

necessary to have the train in operation in order for 

the air compressor to supply air to operate the 

regenerator. To get the mechanical system up to 

speed, a steam turbine used and in most instances the 

induction machine is brought on line at somewhere 

around 80 to 85 percent orated speed , and acting as a 

motor helps to accelerate the train During the 

acceleration time standard locked rotor relay 

protection is 

 
required, and the timer permits tripping the circuit 

breaker if problems are present. Until the cat cracker 

is in operation and the expander is furnishing power 

to the train, the machine is required to serve as a 

motor to maintain the speed of the train. When the 

process has stabilized and the expander is supplying 

the mechanical energy required by the air 

compressor, excess energy may be delivered as 

kilowatts to the electrical system. Some plants may 

have excess steam which is supplied to the steam 

turbine, and the mechanical energy is delivered 

through the motor/generator as kilowatts to the 

electrical system. The conditions mentioned 

previously, 

 1) The expander supplying power to the compressor 

 2) The excess expander power and some excess 

steam through the steam turbine delivering kilowatts 

to the power system by way of the motor generator 

could constitute normal operation. An upset to the 

normal operation of the system can be caused by the 

ignition of the flue gasses called an afterburner. 

When an afterburner occurs, excess energy through 

heat will be introduced into the expander and 

eventually to the system through its motor/generator 

as kilowatts. This is accomplished by the speed of the 

drive train increasing and the motor/ generator acting 

as a brake on the drive train by introducing kilowatts 

into the electrical system. This is an abnormal 

condition and the steam turbine governor controlling 

the throttle valve takes corrective action. The 

motor/generator acting as a brake is critical to the 

entire train in preventing over speed. Therefore, the 

relay protection that is installed should consider 

protection to the motor/generator and consider the 

problem of mechanical damage to the train if over 

speed occurs due to feeder circuit breaker opening. 

Likewise, if the output of the expander drops -off the 

speed of the train will decrease causing the steam 

turbine to supply the power to maintain compressor 

speed. The decrease in speed will unload the 

motor/generator. In some instances, the steam turbine 

is rated to supply 67 percent of the compressor power 

requirements with the motor making up its 

difference. In this mode, the expander is usually out 

of service. The largest unit of this kind was recently 

installed in the Phillips Refinery in Old Ocean, TX. 

Mr. Tom Shaw of Bartlesville, OK, discussed this 

unit at the IEEE Petroleum and Chemical Industry 

Conference at Houston in 1980. The expander will 

develop 35 000 hip with the potential of45 000hp 

under upset conditions. The compressor requires 33 

000 hip with the 15 000-hp motor serving as a brake 

for the additional 2 000 horsepower under normal 

operating conditions and as a restraint to the train 
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during the upset conditions. A 22-000hp steam 

turbine is utilized for start-up purposes. By utilizing 

both the steam turbine and the motor, the air 

compressor can be operated at full capacity without 

the expander. 

CONCLUSION 

 

To offer the best protection for 'the induction motor/ 

generator, the first step is to determine the process 

involved and how it affects the induction machine. 

An attempt has been made in this paper to list some 

of the options that are open for protection of the 

machine and some of the restraints that must be 

considered. This paper does not imply that the 

protective schemes shown here are the only 

protection that can be used. They reflect an operating 

philosophy and also the dictates of the process 

involved. The protectivescheme here has been over 

simplified and many statements are obvious to the 

design or application engineer. The intent is to cause 

further dialogue on the subject of the protection of 

the induction machine. 
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