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SUMMARY

In this study a Microprocessor—-based relay for induction

motor {I.M) protection is developed, implemented and tested

in real tims.

The developed relaying algorithm has the advantages of
using simple mathematical operations with gaood tested

practical accwacy.

The hardware structure is bBuilt around S-bit simple and

cheap Microprocessgr (MP) systam.

The software 1is developed in a way to suit  the chosen

algorithm with the selected hardware configwration.

Testing the implemented prototype in real time i the
actual mode of operaticn under conditicons as severe and
realistic as the same it may face in practice, shows good

practical response under different operating conditions.
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CHAFTER 1

INTRODUCT ION

The protection of the induction wmotor ((I.M} is a
compliicated problem owing to the variety of possible abnormal
cperating conditions and the different modes of failuwe that
may octur within it. The type of protection af the motor is
influenced by the size of the motor and the type of service

L1--&1.

In thie chapter, the different abnormal cpet3ting
conditions in I.HM., the different conventional and advanced

protecting methods are presented and discuésed.

The advantages of the Microprocessor-based relays, how
- they can be developed and why they should be used for I1.M.

protection are also discussed.

1.1 AENOERMAL OFERATING CONDITIONS AND CAUSES OF EAILURE IN

INDUCTIDN MOTOR [3,6,7,81:

In the following subsections different abnormal operating
conditione and causes of failure in induction motors which
require protection measures are discussed. Tableg (1.1} shows
the corresponding protection methods for each abnormal

condition.
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Tab, (1.1}

Protection Chart For .M Frotecticn

ABNORMAL COMPITIONS

ALTERNATE FORME DF PRO-
TECTION FROM WHICH
CHOICE 15 MADE

REMAFRHS

Overloads

Load
-Dverxrnlcase

~Thermal over load relays
=Inverse overcurrent relays
=Hinjature cirgult breaker

with built In trip coils

Overlocad protection given

for almost all sgtors

Phase faultw

and warth faults

~HREC fuses
~High s#t instantanegus
overcurrnt relays,

~Differential protection

Differantial protection
becomes sconomical 4or
motors above 1200 HP.
Eelow this, high sat
instentaneous protection

is preferred,

Urgder voltage

~undervoltage relsase

~Undervoltage relays

Undervoltage release inc-
corporated with every
sStarter

Undervoltage relays used

in certain application.

Unbal anced voltage

~MHegative phase

sequence relays

Oniy in special

lJapplications

Reverse phase segquence

~Fhase reversal relays

Generally at supply point
Frevents reversal of

runnihg

Single phasing

=Usual thermaal overlocad
~Special single phase

preventers

IRecently develpped static
single phasing devices

besoming popul ar.

Stalling

~Thermal relays
=Instantanecus cvercurrent

relays

Rotor 4ault

=Instantanecus overcurrant

IGn!y for wound rote mbtor

2
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The electric motor requires more electrical power as its

load is increased.

An increase in the power demand by a motor will increase

i) .
increase in the

v
the current drawn by that motor, resulting inx

motor temperature. If the current becomes greater than rated

fuil-load current, moctor overheating will ocecur.

Large negative sequence currents may be produced in the

motor in the following cases:
1- Unsymmetrical supply wvoltage.
2—- accidental opening in one phase.

3- Blown up fuse.

This negative sequence component of motor current
produces a counter torque to the motor torque. This torgue
is absorbed as heat andjtherefnre the negative segquence
current has more significant effect on the motor heating than
that produced by the positive sequence component. The
thermal effect produced by the zero sequence component of

current, if it existg,can be neglected.

=
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Thus, the thermal effect of these positive and negative
sequence components can be determined by using an equivalent
current defined by the following relation:

2 2 2
I =1 +KI (1.1}
1 2

Mhere I 1 positive sequence current;
1

I : negative sequence current;
2

K numerical cnnstant,iK = &}).

1.1.3 MOTOR SYALLING:

I+ the motor can not start due to excessive 1load, it
draws heavy current which would cause overheating. 1t should
be then immediately disconnected from supply by the proper

protection scheme.

1.1.4 STATOR EGULTE:

Faultes in the stator windings of a mptor are mainly
caused by a failure of insulation due to temperature rise.
These faults are mainly earth faults (more caommon), phase to
phase faults (less probakle) and inter-turn Faults which

usually grow into earth faults.

.4
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The faults occur in the wound rotpr type induction motor
arg the same as those occur in the stator windings.

In cage rotor type the mechanical stresses have
significant effect on the rotor bars and end rings when the

rotor is overheated.

The wunderwvoltage supply causes increase in motor current
far a constant load. The current drawn by the motor will
increase the motor temperature. I¥ the supply wvoltage is
still decreasing until the maximum value of the
electromagnetic torque equals the load torgue then, the
cver—-current relay should disconnect the motar from the line.

Otherwise the motor will be burned.

1.2 CONVENTIONAL PROTECTION OF INDUCTION MQTORS:

Table (1.1} depitts the protection chart <for inductian
motor under the different abnormal operating conditions

mentioned above.

The msjority of over—current relays in use today to
protect +the I.M. are thermsl devices which rely on the line

current flowing to a motor for a similar heating effect.

n
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