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NTRODUCTION

Aotors convert electrical energy into
mechanical energy by the teraction between
the magnetic fields set up in the stator and
rotor windings. Industrial electric motors can
be broadly classified as induction motors,
ect current motors or synchronous motors.
=i

All motor types have the same four operating
omponents: stator {stationary windings),
rotor {(rotating windings), bearings, and frame

(enclosure).

MOTOR TYPES

n motors are the most commonly used p e mover for
arious equipments in industrial applications. In duction motor
the induced magnetic field of the stator winding induces a current
1 the rotor.
This induced rotor current produces a
econd magnetic field, which tries to
oppose the stator maghetic field, and this
causes the rotor to rotate.

drive pumps, blowers and fans,
compressors, conveyers and production
lines. The 3-phase induction motor has
three windings each connected to a
separate phase of the power supply.

direct-Current:
Motors Direct-Current motors, as the name implies, use

irect unidirectional, current. Direct current motors are
used in special applications- Where high torque starting
r where smooth acceleration over a broad speed range ic

equired.

Synchronous Motors :
AC power is fed to the stator of the synchronous motor. The rotor

is fed by DC from a separate source., The rotor magnetic field

n the stator. While

induction motors rotate with a slip, i.e., rpm is less than the
synchronous speed, the synchronous motor rotate with no slip,
i.e., the RPM is same as the synchronous speed governed by suppl
frequency and number of poles. The slip energy is provided by the

D.C. excitation power




-~

Motor Speed :

The speed of a motor is the number of revolutions in a given time
frame, typically revolutions per minute {RPM). The speed of an AC
motor depends on the frequency of the input power and the number
of poles for which the motor is wound. The synchronous speed

M is given by the following equation, where the frequency is in
1ertz or cycles per second:

nchronous Speed (RPM) = 120 x Frequency / No. of Poles

s per relation stated above, the speed of an AC motor is
determined by the number of motor poles and by the input
frequency. It can also be seen that theoretically speed of an AC
motor can be varied infinitely by changing the frequency.
Manufacturer's guidelines should be referred for practical limits to
speed variation. With the addition of a Variable Frequency Drive

VFD), the speed of the motor can be decreased as well as increasec

Power Factor The power factor of the motor is given as )
Power Factor = Cos ¢ = kW /[ kVA

As the load on the motor comes down, the magnitude of
he active current reduces. However, there is no
corresponding reduction in the magnetizing current,
which is proportional to supply voltage with the result
hat the motor power factor reduces, with a reduction in
pplied load. Induction motors, especially those operating
elow their rated capacity, are the main reason for low
bower factor in electric systems.

MOTOR EFFICIEN

Two important attributes relating to efficiency of electrici
e by A.C. Induction motors are efficiency {n), defined as

the ratio of the mechanical energy delivered at the rotating |

shaft to the electrical energy input at its terminals, and
power factor (PF).

Motors, like other inductive loads, are characterised by
power factors less than one. As a result, the total current
draw needed to deliver the same real power is higher than
for a load characterised by a higher PF. An important effect
of operating with a PF less thanh one is that resistance
losses in wiring upstream of the motor will be higher, since
these are proportional to the square of the current.Thus,
both a high value for n and a PF close to unity are desired
for efficient overall operation in a plant.
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MOTOR EFFICIEN

The efficiency of a motor is determined by intrin

that can be reduced only by changes in motor design.
Intrinsic losses are of two types: fixed losses - independent
f motor load, and variable losses dependent on load.

Fixed losses consist of magnetic core losses and friction and
vindage losses. Magnhetic core losses (sometimes called iron losses)
consist of eddy current and hysteresis losses in the stator. They
vary with the core material and geometry and with input
voltage.Friction and windage losses are caused by friction in the
bearings of the motor and aerodynamic losses associated with the
entilation fan and other rotating parts.

Variable losses consist of resistance losses in the stator and in the
otor and miscellaneous stray losses. Resistance to current flow in
e stator and rotor result in heat generation that is proportional to >
the resistance of the material and the square of the current (I12R). &F‘a
ray losses arise from a variety of sources and are difficult to 4
ither measure directly or to calculate, but are generally
proportional to the square of the rotor current.

MOTOR EFFICIEN t

eld Tests for Determi g Efficiency No Load Test: The motor is
un at rated voltage and frequency without any shaft load. Input
power, current, frequency and voltage are noted. The no load P.F. i
uite low and hence low PF wattmeters are required. From the input
power, stator I12R losses under no load are subtract- ed to give the
um of Friction and Windage (F&W) and core losses

Stator and Rotor I12R Losses: The stator winding resistance is
irectly measured by a bridge or volt amp method. The resistance
must be corrected to the operating temperature. For mod- ern
motors, the operating temperature is likely to be in the range of
00°C to 120°C and necessary correc n should be made. Correction
75°C may be inaccurate. The correction fac- tor is given as
llows :

2/ R1 =235+ t2/ 235 +t1 T, where, t1 = ambient temperature, °C

= operating temperature, °C.The rotor resistance can be
etermined from locked rotor test at reduced frequency, but rotor
2R losses are measured from measurement of rotor slip.

Rotor I12R losses = Slip x (Stator Input - Stator 12R Losses - Core Loss)

The primary technical consideration defining the motor
choice for any particular application the torque required
by the load, especially the relationship between the
maximum torque generated by the motor {(break-down
torque) and the torque requirements for start-up (locked
otor torque) and during acceleration periods.

The duty / load cycle determines the thermal loa g on
the motor. One consideration with totally enclosed fan
cooled {TEFC) motors is that the cooling may be
nsufficient when the motor is operated at speeds below i

ated value.

Ambient operating conditions affect motor choice; spec
notor designs are available for corrosive or dusty
atmospheres, high temperatures, restricted physical space,
etc.




An estimate of the switching frequency {(usually dictated
)y the process), whether automat- ic or manually
ontrolled, can help in selecting the appropriate motor for
the duty cycle.

The demand a motor will place on the balance of the plan
electrical system is another consideration - if the load
variations are large, for example as a result of frequent
starts and stops of large components like compressors, the
esulting large voltage drops could be detrimental to other
equipment.

Reliability is of prime importance - in many cases,
however, designers and process engineers seeking

eliability will grossly oversize equipment, leading to sub
optimal energy performance. Good knowledge of process &E@;

arameters and a better understanding of the plant power &
system can aid in reducing oversizing with no loss of

eliability.

MOTOR SELECTION

Inventory is another consideration - Many large industries
1se standard equipment, which can be easily serviced or
eplaced, thereby reducing the stock of spare parts that
must be maintained and minimizing shut down time. This
practice affects the choice of motors that might provide
better energy performance in specific applications. Shorter
ead times for securing individual motors from suppliers
would help reduce the need for this practice.

Price is another issue - Many users are first-cost sensitive
eading to the purchase of less expensive motors that may
e more costly on a lifecycle basis because of lower
efficiency. For example, energy efficient motors or other
pecially designed motors typically save within a few years <
an amount of money equal to several times the incremental §?’?
cost for an energy efficient motor, over a standard-

efficiency motor.

i)

ENERGY-EFFICIENT MOTOR:

Energy-efficient motors (EEM) are the ones in which, design
improvements are incorporated specifically to increase operating
ficiency over motors of standard design. Design improvements
focus on reducing intrinsic motor losses. Improvements include the
use of lower-loss silicon steel, a longer core (to increase active
material), thicker wires (to reduce resistance), thinner laminations,
smaller air gap between stator and rotor, copper stead of
luminum bars in the rotor, superior bearings and a smaller fan, etc

Energy-efficient motors now available in India operate with

ficiencies that are typically 3 to 4 percentage points higher than
standard motors. In keeping with the stipulations of the BIS, energ

ficient motors are desighed to operate without loss in efficiency
at loads between 75 % and 100 % of rated capacity. This may result
in major benefits in varying load applications. The power factor is
about the same or may be higher than for standard motors.efficient
motors have lower operati temperatures and noise levels, greater
ability to accelerate higher-inertia loads, and are less affected by
supply voltage fluctuations.




ENERGY-EFFICIENT TOR

Stator and Rotor I12R Losses :

These losses are major losses and typically account for 55% to 60

of the total losses. I2R loss- es are heating losses resulting from
current passing through stator and rotor conductors. I12R losses are
the function of a conductor resistance, the square of current.
Resistance of conductor is a function of conductor material, length
and cross sectional area. The suitable selection of copper conductor
size will reduce the resistance.

Core Losses Core losses are those found in the stator-rotor
magnetic steel and are due to hysteresis effect and eddy current
effect during 50 Hz magnetisation of the co material. These losses
are independent of load and account for 20 - 25 % of the total
losses.

Friction and Windage Losses Friction and windage losses results from
bearing friction, windage and circula through the motor and account
for 8 - 12 % of total losses. These losses are independent of load.The
reduction in heat generated by statorand rotor losses permit the use of

smaller fan. The windage losses also reduce with the diameter of fan leading
to reduction in windage losses.

Stray Load-Losses

These losses vary according to square of the load current and are caused by
leakage flux induced by load currents in the laminations and account for 4 to 5

4 of total losses. These loss- es are reduced by careful selection of slot
numbers, tooth/slot geometry and air gap. Energy efficient motors cover a wide§
range of ratings and the full load efficiencies are higher by 3 to 7 %.

mounting dimensions are also maintained as per 1S1231 to enable easy
replacement.

A summary of energy ef

Power Loss Area Efficiency

T.Tron Use of thinner gauge, lower loss core seel reduces eddy current losses. Longer
core adds more el o the design, which reduces losses due to lower operating
lux densites.

2. Stator 'R Use of more copper and larger conductors increases cross sectional area of sator

windings. This lowers resistance (R) of the windings and reduces losses due to.
crrent flow (1).

3. Rotor PR Use of larger rotor conductor bars increases size of cross section, lowering con-
ductor resistance (R) and losses due to current flow (1.

4. Friction & Windage | Use of low loss fan design reduces losses due to air movement.

5. Stray Load Loss Use of optimized design and strict quality control procedures minimizes stray
load losses.
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