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Agenda

× Induction Motors

ü Basics of Induction Motors

ü Main Challenges of Induction Motors

ü Starting of Induction Motors

ü Speed Control of Induction Motors

ü Power Factor of Induction Motors
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Agenda

× Variable Frequency Drives ïGeneral

ü Basics of Variable Frequency Drives

ü Benefits of VFDs

ü Main Components of VFDs

ü Basics of Rectifiers

ü Basics of Inverters

ü Types of Loads

ü VFD Output Waveform Quality & Solutions

ü VFD Input Power Quality & Solutions

ü Reliability of VFDs

ü Serviceability of VFDs

ü How to specify a VFD
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Agenda

× Variable Frequency Drives ïMV

ü Overview of MV Drive Topologies

ü Current Source vs. Voltage Source

ü Neutral Point Clamp

ü Cascaded Neutral Point Clamp

ü Cascaded H-Bridge

ü Modular Multi-Level

ü Installation Flexibility and Benefits

ü Scalability and Benefits

ü Arc Flash Detection System
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Induction Motors
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AC Motors in Industry 

They run our industries!



3/5/2018 ©2017 Regal Beloit Corporation, Proprietary and Confidential 7

History of AC Motors

AC Motors in Industry 

Á 1882 ïNikola Tesla is a Croatian engineer / scientist studying in Graz, Austria

and performing experiments on multi-phase voltage system.

Á 1884 ïTesla emigrates to America and immediately starts working for Thomas

Edison at Edison Machine Works in New York.

Á 1884 ïEdison disagrees with Teslaôsidea of running a motor with AC power.

Tesla quits shortly after. This is the beginning of ñthewar of the currentsò.

Á 1886 ïTesla starts his small company and development laboratory.
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History of AC Motors

AC Motors in Industry 

Á 1887 ïTesla files his first patents for a two-phase

AC system with four electric power lines, which

consists of a generator, a transmission system

and a motor.

Á 1888 ïGeorge Westinghouse becomes aware of

Tesla due to his remarkable speech in Pittsburgh

to the American Institute of Electrical Engineers

(father of IEEE). Westinghouse buys his more

than 40 patents for $1M and hires Tesla as a

consultant.

Á 1892 and 1893 ï First reliable three-phase

induction motors are built by AEG company in

Germany and Westinghouse Electric &

Manufacturing Company in US.
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Current Status of AC Motors

AC Motors in Industry 

Á Most common and frequently encountered machines in industry

Á Simple design, easy to manufacture, low-price, easy maintenance

Á Wide range of power ratings: fractional horsepower to tens of MW

Á Used in almost every industry: Oil & Gas, Water & Wastewater, Mining &

Minerals, Cement & Asphalt, Aggregate & Quarry, Material handling, Agriculture,

and HVAC.

Á Used in almost every process: Pumps, Fans, Compressors, Blowers, Centrifuges,

Cranes, Conveyors, Mills, Extruders, Mixers, Winders

Á Many type of AC motors

ï Induction motors

ï Synchronous motors

Á Induction motors are the most common type of motors in use today

Á Motors are manufactured to NEMA and IEC standards
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Construction

Induction Motors

Á Each motor is consisted of three main sections:

ï Stator

ï Rotor

ï Enclosure and cooling

ENCLOSURE

STATOR

ROTOR
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Construction

Induction Motors

Á A stationary stator

ï Provides space for three-phase windings made of insulated wires (cables)

Á A revolving rotor

ï Provides space for rotor windings (Squirrel-cage or Wound-rotor)
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Principle of Operation

Induction Motors

Á Stator windings are supplied by 3-phase AC power.

Á The combined effect of the individual magnetic fields produces a single, rotating

magnetic field in the air gap. 3-phase AC power on stator windings generate

rotating magnetic field.
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Principle of Operation

Induction Motors

Á This rotating magnetic field cuts the rotor windings and produces an induced

voltage in the rotor windings.

Á Due to the fact that the rotor windings are short circuited, an induced current

flows in the rotor windings.

Á The rotor current produces another magnetic field.
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Principle of Operation

Induction Motors

Á A torque is produced as a result of the interaction of two magnetic fields. The

torque causes rotor to rotate.

Á The torque is produced only when the rotor does not seem stationary to the

statorôsrotating magnetic field.

Á The speed of rotating magnetic field is called synchronous speed. The rotor

rotates at a speed slower than this speed.

Á The induction motors are also called asynchronous motors.
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Motor Speed and Synchronous Speed

Á Synchronous speed is the rotating speed of the statorôsmagnetic field.

Á Synchronous speed depends on the frequency of supply to stator and the number

of poles in the motor.

Á The synchronous speed is given by the following equation:

ὲί
ρςπzὪ
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Á The motor speed and synchronous speed are measured by number of revolutions

per minute (RPM).

Á 3600, 1800, 1200, 900

Á The motor speed is very close to the synchronous speed.

Á To change the synchronous speed the supply frequency or number of poles in the

motor has to change.

Induction Motors
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Motor Speed and Slip

Á Induction motors always run at a speed lower than the synchronous speed.

Á The difference between the motor speed and the synchronous speed is

expressed by slip.

ί
ὲί ὲὶ
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Á Slip is typically in a range of 0.5% to 5%.

Á Slip depends on motor design (parameters) and load. At low values, slip is directly

proportional to the rotor resistance, stator voltage frequency and load torque, and

inversely proportional to the second power of supply voltage.

Á The slip of low-HP motors is higher than that of high-HP motors because the

resistance of the rotorôswinding is greater in smaller motors.

Á To change the slip for a specific load, the rotorôswinding resistance has to

change.

Induction Motors
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Motor Nameplate 

Á Rated power (HP and / or kW)

Á Rated voltage

Á Rated full-load current (FLA)

Á Frequency

Á Rated full-load speed

Á Rated full-load power factor (PF)

Á Number of poles

Á Number of phases

Á Service factor (S.F.)

Á Nominal efficiency

Á NEMA design

Á Rated ambient temperature

Á Insulation class

Induction Motors
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Motor Speed and Motor Torque

Á Torque is a force that causes rotation.

Á Motor Speed ïTorque profile shows

the amount of torque that the motor can

generate at each speed.

Á Induction motors are classified by

NEMA as NEMA A, B, C and D based

on their Speed ïTorque profile.

Á The full-load torque (lb.ft) of the motor

can be calculated by the following

formula:

Ὕ
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Induction Motors
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NEMA A Design

Á Normal locked rotor (starting) torque

(100 - 150%)

Á High breakdown torque (200 - 250%)

Á High starting current (700 - 900%)

Á Low full load slip (0.5 - 3%)

Á High efficiency

Á Used in applications that require:

ï Occasional overloads

ï Very high efficiency

Á Typical loads:

ï Fans

ï Blowers

ï Centrifugal pumps

ï Compressors

Induction Motors
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NEMA B Design

Á Normal locked rotor (starting) torque

(100 - 150%)

Á Normal breakdown torque (150 - 200%)

Á Normal starting current (600 - 700%)

Á Normal full load slip (1 ï5%)

Á Medium or high efficiency

Á Used in applications that require:

ï Low starting torque

Á Typical loads:

ï Fans

ï Blowers

ï Centrifugal pumps

ï Compressors

Induction Motors
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NEMA C Design

Á High locked rotor (starting) torque

(200 - 250%)

Á Low breakdown torque (150 - 200%)

Á Normal starting current (600 ï700%)

Á Normal full load slip (1 ï5%)

Á Medium efficiency

Á Used in applications that require:

ï High breakaway (starting) torque

Á Typical loads:

ï Conveyors

ï Crushers

ï Reciprocating pumps

ï Compressors

ï Stirring machines and agitators

Induction Motors
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NEMA D Design

Á Very high locked rotor (starting) torque

(250 - 300%)

Á High breakdown torque (250 - 300%)

Á Normal starting current (600 ï700%)

Á High full load slip (5 ï10%)

Á Low efficiency

Á Used in applications that require:

ï Very high breakaway (starting)

torque

Á Typical loads:

ï Punch presses

ï Elevators

ï Extractors

ï Oil-well pumping

Induction Motors
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Service Factor

Á NEMA defines service factor as a multiplier, when applied to the rated

horsepower, indicates a permissible horsepower loading, which may be carried

under the conditions specified for the service factor at rated voltage and

frequency.

Á Service factor can be used for

ï To accommodate inaccuracy in predicting intermittent system power needs.

ï To lengthen insulation life by lowering the winding temperature at rated load.

ï To handle intermittent or occasional overloads.

ï To allow occasionally for ambient above 40ÁC.

ï To compensate for low or unbalanced supply voltages.

Á The service factor was established for operation at rated voltage, frequency,

ambient and sea level conditions.

Á Do not rely on the service factor capability to carry the load on a continuous

basis.

Induction Motors
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Insulation Class & Temperature Rise 

Á TEMPERATURE KILLS MOTORS!

Á Rule of thumb: for every 10ÁC, that the motor temperature exceeds its rated

insulation temperature, the insulation life is reduced by half, likewise for every

10ÁC cooler, the insulation life is doubled.

Á NEMA specifies letter designations for motor insulation temperature ratings and

allowable temperature rises for motors at full load (and at service factor, if

applicable).

Induction Motors
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Volts per Hertz (V/Hz) Rating

Á The impedance of the motor will change because of the variable frequency due to

the inductances.

Á At low frequencies the impedance approaches zero making the circuit appear to

as a short circuit

Á Voltage AND frequency must be changed proportionally.

Induction Motors



3/5/2018 ©2017 Regal Beloit Corporation, Proprietary and Confidential 26

Volts per Hertz (V/Hz) Rating

Á Every motor is designed for a specific V/Hz ratio.

Á The rating is defined by the magnetics material used in motor construction.

Á The ratio defines the amount of flux in magnetics.

Á Operating a motor at higher V/Hz than rated, causes over-flux, magnetics

oversaturation, heat and eventually failure.

Á Operating a motor at lower V/Hz than rated, reduces flux, significantly reduces

torque capability and greatly affects the motorôsability to handle a given load.

Induction Motors


