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Our mission is to be the best                     

(as determined by our customers) 

marketers, designers and manufacturers   

of industrial electric motors, drives and 

mechanical power transmission products.
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Our Strategy

To produce the highest quality, energy-efficient 

products available in the marketplace and sell 

them to a broad base of value-minded customers.

Vp = perceived Value Qp = perceived Quality Sp = perceived Service

C   = Cost                                                 T   = Time



Baldor Industry Solutions ïGreenville, SC
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Baldor Industry Solutions ïGreenville, SC

Á Aggregate, Cement, and Sugar

Á Ports

Á Chemical, Oil, and Gas

Á Food, Beverage, and Pharmaceutical

Á Mining and Metals

Á Paper and Forest Products

Á Power Generation

Á Air Handling

Á Unit Handling

Á Water and Wastewater
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Motor Fundamentals

Á Induction Motor Principles

Á Motor Performance Characteristics

ü Speed/Poles

ü Speed Torque Curve

ü Starting

ü Motor Efficiency 

ü Motor Service factor and Temperature

Á Motor Standards

ü NEMA MG-1

ü IEEE 841

Á Application Considerations

ü Hazardous Areas

ü Operating Motors on Inverters

Á Common Failure Modes

Á Motor Components
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AC Induction Motor

Á An electric motor is a device that converts electrical energy into 

mechanical energy. 

Á The AC induction motor is the most common type of industrial motor. 
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Induction Motor Principles



Magnet Basics

Á All magnets have a North and 

a South Pole 

Á ñOppositeò poles of a magnet 

attract each other

Á ñLikeò poles of a magnet repel 

each other. 

Á Motors use this principle of 

attraction and repulsion to 

rotate

Lines of Flux



Magnetic Propulsion

Stator

Stator

Rotor

Torque is 

produced

Electromagnet

Permanent 
Magnet

Electromagnet



Three Phase AC Power

Why 3 phases?

Å It allows the most power 

transfer with the minimum 

number of conductors

ÅThree times the power 

transfer of a single phase 

system by adding only one 

conductor

ÅThe sum of all three phase 

voltage at any instant of time 

is zero



Adding 3 Phases Together:  Rotating Magnetic Field

http://www.ece.umn.edu/users/riaz/animations/sqmovies.html



Speed of the Field Depends on Number of Magnetic 

Poles formed when the motor is energized

http://www.ece.umn.edu/users/riaz/animations/sqmovies.html

Å This example is a Two Pole motor (1 North + 1 South)

Å For every cycle of current, the flux vector (magnetic 

field) makes one revolution.

Å Speed = 60 cycles * 60 sec = 3600 rpm



More Poles = Slower Speed??

Á Additional windings can be added to a motor to create additional 

ñMagnetic Pole Setsò in the motor.  

Á Poles are always in PAIRS.  2, 4, 6, 8é..

Á The speed of the rotating magnetic field in the stator is INVERSLY 

proportional to the number of poles

RPM = 
●╕►▄▲

Π▫█╟▫■▄▼

# Poles Speed (RPM)

2 3600

4 1800

6 1200



R
R

Three Phase Induction Motor

Å Three winding mechanically separated 

by 120 degrees

Å Three phase current in stator 

produces a magnetic flux of constant 

magnitude rotating at synchronous 

speed

Å Rotating flux ñcutsò the rotor 

conductors causing EMF to be 

induced in rotor bars (Faradayôs Law).

Å EMF in shorted rotor bars induces 

rotor current flow

Å By Lenzôs law, the current flow in the 

rotor conductors creates mechanical 

force

Å Result is the rotor turns in the direction 

of the magnetic field, trying to catch 

up

A

BC



What is Torque?

17

1 Pound Force

Torque = 1 Ft X 1 Lb = 1 Ft-Lb

Torque is a force applied at a distance from and 

perpendicular to an axis.



Motor Performance Characteristics
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Motor Performance Characteristics

Á Basic Characteristics

üSpeed / #Poles

üHorsepower

üTorque

üSpeed Torque Curves

Á Starting

Á Efficiency

Á Service Factor and Temperature



Motor Speed

Á The synchronous speed of an 

induction motor:

RPM syn. = 120 x Hz

# of poles

Á The difference between the 

synchronous speed and the actual 

speed of the rotor is called ñSlipò 

Synchronous
Speed (RPM)

# of 
Poles

Frequenc
y (Hz)

3600 2 60

1800 4 60

1200 6 60

900 8 60

720 10 60



Motor Horsepower

ÁThe power output of a rotary electric motor is:

HP = RPM x T

5252

ÁWhere P is in horsepower (hp).

Á RPM is the shaft speed in revolutions per minute 

ÁT is the torque in foot pounds (lb-ft)

Á5252 is a constant



Motor Speed Torque Curve

Á A ïLocked Rotor / Starting 

Torque

Á B ïPull-up torque

Á C ïBreakdown Torque

Á D ïFull Load Torque

Á E ïSynchronous Speed 



Motor Designs

ÁThe Material and Shape of the Rotor Bars Are the Main 

Factors in Obtaining Various Speed/Torque Curves

ÁNEMA Defines 4 Basic Types of Speed/Torque 

Characteristics for Induction Motors:

üDESIGN A

üDESIGN B

üDESIGN C

üDESIGN D

ÁThe Stator Has Little to Do With the Shape of the Motor 

Speed/Torque Curve 

ÁDifferent Rotors Could Be Used With the Same Stator to 

Change the Characteristic Shape



Rotor Slot Designs

B

C

B



Comparison of NEMA Designs



Actual Speed Torque Curves
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Effect of Rotor Conductivity on the Same Electrical Design
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Actual Speed/Torque Curves

ÁWhy not go with 7% conductivity rotor bars for everything?

ü PROS: High LRT, High BDT, Low LRA

ÁRotor losses are significantly higher with 7% conductivity bars.

üCONS: Larger frame sizes, less efficiency

Á Slip is significantly higher with 7% conductivity bars.

üCONS: Poor load speed regulation

Page 27



Actual Speed/Torque Curves

Full Load Rotor Losses @ 1.00 SF
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Motor Starting
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ÁFixed speed motors need to accelerate from zero to full speed. 

ÁTorque is required to accelerate the motor. 

ÁAccelerating torque is the difference between motor torque and load 

torque. 

ÁReducing the voltage available to the motor during start reduces the 

available torque and the amount of current that is required to start. 

ÁThe goal of most starting methods is to reduce starting current. 

ÁProper electrical design needs to provide for adequate starting as 

well as running characteristics. 

Starting Method

Why is this important?



Torque and Current Formulas

ÁCurrent ´Voltage

üExponent is 1 to 1.1

Å0.81 = 0.8 = 80%

Å0.81.1 = 0.78 = 78%

üAt 80% Volts, Expect 78 ï80 % Current

ÁTorque ´Voltage2

üExponent is 2 to 2.2 

Å0.82 = 0.64 = 64%

Å0.82.2 = 0.61 = 61%

üAt 80% Volts, expect 61-64 % Torque

Page 31



Importance of Load and Motor Curve Interaction

Á 5000HP @ 900rpm motor 

(pump speed 127 RPM)

Á Application: Centrifugal Pump

Á ñStandardò LAC motor design 

will start this load at 80% 

Voltage

Rated Voltage

80% Voltage



Á Special load curve

Á Much higher torque at lower 

speeds.

Á ñStandardò 5000 HP motor 

electrical design will not start 

this load

Required torque to 
continue accelerating 
pump exceeds motor 
capability at 460 rpm

Importance of Load and Motor Curve Interaction



Á If this new load curve is to be 

started across the line, we need 

more torque at lower speeds

üRequires different rotor bar 

design. 

Importance of Load and Motor Curve Interaction



LOAD CURVES 

Pump/Fan
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Reciprocating Compressor

Torque Effort Curve
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Starting Method 

Á Full Voltage

Á Auto Transformer / Voltage Dip

Á Current Limiting Soft Start

Á Adjustable Speed Drive



Starting Method

Reduced Voltage - NEMA Load Curve
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Is there anything wrong here? Yes!  Motor stalls at 80% speed

under 80% RVS conditions.



Starting Method

Reduced Voltage - 50% NEMA Load Curve
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Load has been reduced,

motor can accelerate to full speed



What is the starting voltage

applied to the motor?

Starting Method

Wye Start - Delta Run
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What does motor current do?



Starting Method

Wye Start - Delta Run

Pag

e 
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Starting Methods

Current Limiting Soft-Start (250% FLA)
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Will this soft-start accelerate

the motor to full load speed?



Starting Methods

Variable Frequency Drive

- Motor operates in 

the range from 0-

100% torque 

continuously

- Motor operates from 

110%-150% torque 

intermittently

- Current is 

proportional to load

- No high starting 

current



Variable Frequency: As the frequency changes, the speed torque curve 

is shifted. The motor always operates on the right side of the curve. 

Starting Methods

Variable Frequency Drive



Motor Efficiency



Motor Efficiency

ÅAlmost 30% of all electricity 

generated in the United States 

is used to run electric motors.(1)

ÅFor industrial companies, 

electric motor-driven systems 

consume 63% of the electricity 

used. (1)

ÅThe cost of electricity to run an 

electric motor represents over 

97% of its lifetime cost.

(1) Department of Energy - Market Opportunities Assessment 2002



Energy Cost

ÁCost of 100 hp motor around  $5000

ÁEnergy cost is about $0.07/kW-hr

ÁCost to run the motor for one day

100 hp * 0.746 kW/hp * 0.07 $/kW-hr * 24 hrs =

$125/day

# of days for energy cost = purchase price?

40 Days!



Induction Motors

Á Workhorse of Industrial and Commercial Applications

Á Motor efficiency regulated by US DOE, Canada - NRCan, EU

üEPAct effective 1997 

üEISA effective 2010

ü Integral Motor Rule effective 12-2015 or 6-2016

üSmall Motor Rule effective 3-2015



Á Replaces Energy Independence & Security Act of 2007

Á Expected to take effect 24 months after Final Rule (~May 2016)

Á Most motors will be covered at Premium Efficiency levels (IE3)

New:  Integral HP Motor Rule

5
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Motor Type EISA New Integral HP Rule

1-200 HP Subtype I Premium Efficient 
NEMA MG 1, Table 12-12

Premium Efficient 
NEMA MG 1, Table 12-12

1-200 HP Subtype II Energy Efficient 
NEMA MG 1, Table 12-11

Premium Efficient 
NEMA MG 1, Table 12-12

201-500HP Energy Efficient 
NEMA MG 1, Table 12-11

Premium Efficient 
NEMA MG 1, Table 12-12

56 Frame Enclosed Exempt Premium Efficient 
NEMA MG 1, Table 12-12

Custom Configurations Exempt Premium Efficient 
NEMA MG 1, Table 12-12

1-200 HP Fire Pump 
Motors 

Energy Efficient 
NEMA MG 1, Table 12-11

Energy Efficient 
NEMA MG 1, Table 12-11

Compare IHP Rule to EISA



Motors covered under IHP Rule

The motors regulated under expanded scope meet the following nine 
characteristics:

1. Is a single speed motor

2. Is rated for continuous duty 

3. Squirrel cage rotor

4. 3-Phase line power

5. Has 2-, 4-, 6-, or 8-pole configuration

6. Is rated 600 volts or less 

7. Has a three or four-digit NEMA frame size (or IEC metric equivalent) or an 
enclosed 56 NEMA frame size (or IEC metric equivalent)

8. 1 ï500 HP

9. NEMA design A, B or C or IEC design N or H electric motor  



Motors added previously not covered by EISA 

Á What is covered:

üNEMA Design A motors from 
201-500 HP

üElectric motors with moisture-
resistant windings, sealed or 
encapsulated windings

üPartial electric motors

üTotally-enclosed non-
ventilated (TENV) electric 
motors

üImmersible electric motors

üIntegral brake electric motors

üNon-integral electric brake 
motors

üElectric motors with non-
standard endshields or flanges

üElectric motors with non-
standard base or mounting 
feet

üElectric motors with special 
shafts

üVertical hollow shaft electric 
motors

üVertical medium and high 
thrust solid shaft electric 
motors

üElectric motors with sleeve 
bearings

üElectric motors with thrust 
bearings



Á What is not covered:

üSingle phase motors (Small Motor Rule)

üDC motors

üTwo digit frames (42 ï48)

üMulti-speed motors

üMedium voltage motors

üTEAO motors

üSubmersible motors

üWater-cooled motors

üIntermittent duty motors

üStator-rotor sets

üDesign D motors

Motors not covered under IHP rule



Á Passed in 2010

Á Covers ¼ - 3 HP 2, 4, 6 pole 

Á Open Drip Proof ïGeneral Purpose only

Á 42, 48 , 56 Frame

Á Both Single and Three Phase

Á Specific DOE Average Efficiency Assignments (Not NEMA nominal)

Á Effective March 9, 2015 

New:  Small Motor Rule



Motor Efficiency and Losses

US DOE ïIndustries of the Future Workshop Series

Electric

Power In

80-95%

5-20%

Stator Losses

I2R Heating

Rotor Losses

I2R Heating

Core Losses

Magnetizing 

Current

Friction
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Stray Losses

Shaft

Power

Out

InPower  Electrical

OutPower Shaft 

Input
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Output
EfficiencyMotor =
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ÁAdditional active material

üWinding (copper)

üRotor core

üStator core

Á Improved electrical steel

ÁThinner laminations

ÁFan design (low loss)

ÁManufacturing processes -

quality assured 

ÁOptimized material utilization 

- experience design

Energy Efficient Motor Design

Older Motor --- very 
thick stator 
laminations



Reduction of Losses

ÁLosses in an A-C motor & how to reduce them
üCore loss - better magnet steel - longer stack - thinner laminations

ü Stator I2R loss - larger diameter wire

ü Rotor I2R loss - larger diameter rotor bars

ü Mechanical loss - smaller fans & better lubrication system for bearings

ü Stray load loss - better manufacturing tolerances



Rotor General Comparison

150 HP      1800 RPM     445 T Frame

Standard High

~15% more material



ñRight-sizeò the Motor

Á Choose the correct rating for the application

üOversized motors have lower efficiency and power factor

ü Highest efficiency 75 - 100% of rated load

ü Service factor is for short-term operation

Motor Efficiency vs Load
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Motor Service Factor and Temperatures



Temperature Effect on Motor Life

Á Insulation life
üHeat is the #1 cause of reduced insulation life

üWinding insulation is rated according to itôs thermal capability

üFor every 100 C above rated temperature, motor life is reduced by 

50%

üFor every 100 C below rated temperature, motor life increases by 

2X

üCommon sources of overheating
Å Overload

Å Inadequate ventilation

Å Dirt buildup

Å Phase unbalance

Å High/Low voltage

ÁBearing life
üBearing temperatures are typically 50-75% of winding temperature

üTemperature impact (+ 100 C = 50% life)



Insulation Class

Á B, F, or H

ü Refers to total temperature the Insulation System is designed to 

withstand. 

ü Class B: 130ęC

ÅThe ópreviousô NEMA standard

üClass F: 155ęC

ÅMost common insulation class for current AC motors

üClass H: 180ęC

ÅHigh Ambient

ÅPower Density

Á Many motors today are designed with a Class F insulation system but 

operate at a Class B temperature rise. 

üResults in longer insulation service life. 



Temperature Rise per NEMA MG1-2011

Pag

e 
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Temperature Rise & Insulation Class 

Summary

Class B

Class F

40oC Ambient

145
o
C Total Temp

1.0 SF, 105
o
C R/Res

155
o
C Total Temp

1.15 SF, 115
o
C R/Res

1.0 SF, 115
o
C R/RTD

165
o
C Total Temp

1.15 SF, 125
o
C R/RTD

120
o
C Total Temp

1.0 SF, 80
o
C R/Res

130
o
C Total Temp

1.15 SF, 90
o
C R/Res

1.0 SF, 90
o
C R/RTD

140
o
C Total Temp

1.15 SF, 100
o
C R/RTD



Temperature Rise & Increased Ambient

65oC Ambient

Class B

Class F
145

o
C Total Temp

1.0 SF, 80
o
C R/Res

155
o
C Total Temp

1.15 SF, 90
o
C R/Res

1.0 SF, 90
o
C R/RTD

165
o
C Total Temp

1.15 SF, 100
o
C R/RTD

120
o
C Total Temp

1.0 SF, 55
o
C R/Res

130
o
C Total Temp

1.15 SF, 65
o
C R/Res

1.0 SF, 65
o
C R/RTD

140
o
C Total Temp

1.15 SF, 75
o
C R/RTD



Effect of Altitude on Temperature Rise

NEMA MG 1 - 2011

Example: 6600 ft altitude

Therefore, motor must be sized for 72oC Rise by Res 

at full load for B Rise



Motor Standards



Motor Standards

Á NEMA MG-1

Á IEEE-841

70



NEMA Standards

Á National Electrical Manufacturers Association (NEMA)

ü ANSI/NEMA MG-1, 2011

ÅThe standard for electric motors and generators in North America.

ÅñBibleò for Manufacturers selling motors in North America.

ÅEstablishes standards for motor dimensions, construction, testing 

and performance.

ÅEstablishes standard frame sizes. 

71



NEMA Frame Sizes

Á ANSI/NEMA MG-1, Section 1, Part 4:  Dimensions, Tolerances and 

Mounting ïFrame Sizes

ü For two digit frames, the frame size is the D-dimension in inches x 16

ü For Three and Four digit frame, the first two digits of the frame size is 

the D-dimension in inches x 4

ü The third and fourth digit is the value of 2F in inches from table 4-2

72



NEMA Frame Sizes

73

What is shaft height of a NEMA 286T Frame?

D = 7.00ò

What is the distance between bolt holes in feet?

2F = 11ò



Speed vs Torque

NEMA MG 1- 20.10



IEEE Standard 841-2009

Severe Duty, TEFC, Squirrel Cage Motors

Up to and Including 370 KW (500 HP)



Purpose of IEEE 841

Á Define an Industry Acceptable Severe Duty Motor

Á Eliminate Individual User Specs

Á Readily Available Feature Rich Motors

Á Reliability Focus by Defining:

üMechanical and electrical performance

ü Insulation systems

ü Corrosion protection

ü Testing



History of IEEE 841

Á 1986 ïIEEE RP 841 ïIAS Petro-Chemical Committee

ü250HP and Below

ü600V and below

üSevere duty

üHigh efficiency

Á 1994 - IEEE 841

üIncreased ratings to 500 HP or less

üIncreased voltage up to 4000V

üAdded TEFC in the title

Á 2001 ïIEEE 841

üIncluded the IAS Pulp and Paper Committee in the working group

üAdded Metric Units

üData Exchange ïAdded PIP data sheet

Á IEEE 841-2009

üPremium Efficient

üAdded Class 1, Division 2 as a ñUsual service conditionò

üIncreased use of metric equivalents

üIP 55 for all ratings



IEEE 841 Key Requirements

Á Premium Efficient

Á TEFC (TENV)

Á 500 HP and Below

Á 4000V and Below

Á NEMA Frames 143T and Larger

Á Severe Duty



Á Usual Service Conditions

ü -25oC to +40oC ambient

ü Maximum altitude = 1000M

ü Humid, chemical (corrosive), or salty atmospheres

ü Full voltage starting

ü Class I, Division 2 atmosphere

IEEE 841 Key Requirements



Á NEMA Frame assignments

Á 2, 4, 6, and 8 pole only

Á IP55

Á NEMA Design B

Á If on ASD, consult manufacturer

Á Class F Insulation

Á Form Wound, Sealed Insulation for 

2300V and above.

IEEE 841 Key Requirements



Á B Rise by Resistance at FL

Á Max 200oC Surface Temps

Á Anti-friction Bearings

ü 45oC rise (50oC on 2P)

Á Copper or Aluminum Rotor Cage

Á ñTò or ñTSò Shaft Extensions

Á Cast Iron Construction

Á Coplanar feet within 0.005 in 

Á Maximum 1.5 draft angle at feet

Á Non-sparking fan (Bronze alloy or conductive plastic)

IEEE 841 Key Requirements



Á Main Terminal Box

üCast Iron

ÅMax 600V

ÅMax 445T

ÅDefined Volume

ü NEMA Type II

ÅAbove 600V or 

ÅAbove 445T

IEEE 841 Key Requirements



Á Main Terminal Box

ü Barrier at Frame

üGround Lug

ü 3 Leads

ÅSome allowance for 

2/phase

üCopper Alloy, Seamless 

Compression Type Lugs 

IEEE 841 Key Requirements



Á Automatic Drains

üAll Frames

üTerminal Boxes Above 600V  
and Above 445T Frames

Á Blind Hole for Eyebolt

Á 90 dBA Sound Power

Á Vibration - Unfiltered

ü0.08 in/s ï2P, 4P, and 6P

ü0.06 in/s ï8P

ü0.06 in/s - Axial

Á Vibration ï2n & 2f

ü0.05 in/s

IEEE 841 Key Requirements



ÁCorrosion Resistance

ü96 Hr. Salt Spray Type Test

ÅFrame

ÅEndshields

ÅFan Covers

ÅTerminal Housings

ü720 Hr. Salt Spray Type Test

ÅNameplate

üInternal Corrosion Resistance

ÅStator, Rotor, and Shaft

üAssembly

ÅCorrosion Preventative to Fame to Endshield Fits

ÅLubricant Added to Threaded Surfaces

IEEE 841 Key Requirements



IEEE 841 Testing



APPLICATION CONSIDERATIONS:  

HAZARDOUS LOCATIONS

87



Á Areas where concentrations of 

combustible gasses, vapors, dusts, 

fibers and flyings can be present

| © Baldor Electric Company

Hazardous Locations:
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Á Hazardous Locations are areas where concentrations of 

combustible gasses, vapors, dusts, fibers can be present some of 

the time.

üClass 1:  Explosive Gas/Vapor

üClass 2:  Explosive Dust

üClass 3:  Fibers

Á Areas with these hazards present are classified as to the risk, based 

on how close you are to the source of release, and what that 

substance being released is.

üDivision 1:  Hazard is present during normal operation

üDivision 2:  Hazard is present during abnormal operation

The basics- Hazardous Areas

| © Baldor Electric Company89



Division 1
Where ignitableconcentrations 
of flammable gasses or liquids 
can exist all or the time or 
some of the time under normal 
operating conditions

Zone 0
Where ignitable
concentrations of flammable 
gasses, vapors or liquids are 
present continuously or for 
long periods of time under 
normal operating conditions.

Zone 1
Where ignitable
concentrations of flammable 
gasses, vapors or liquids are 
likely to exist under normal 
operating conditions.

Division 2
Where ignitableconcentrations 
of flammable gasses or liquids 
are not likely to exist under 
normal operating conditions

Zone 2
Where ignitable
concentrations of flammable 
gasses, vapors or liquids are 
not likely to exist under 
normal operating conditions.

Hazardous Area Classification

| © Baldor Electric Company90



Standard

Flammable 
Material Present 

Continuously

Flammable 
Material Present 
Intermittently

Flammable 
Material Present 

Abnormally

US NEC 500
CACEC Annex J

Division 1 Division 2

US Classes 
Further classified as Class I for GAS,  Class II for DUSTand

Class III for FIBRES and FLYINGS

Hazardous Area Classification

| © Baldor Electric Company91



Explosive Gas Equipment Grouping

Typical Gas

US (NEC 505)
CA(CEC Section 18)
EU
IEC

US (NEC 500)
CA(CEC Annex J)

Acetylene Group IIC Class I/ Group A

Hydrogen Group (IIB + H2) Class I/ Group B

Ethylene Group IIB Class I/ Group C

Propane Group IIA Class I/ Group D

Methane GroupI * Mining *

* Not within the scope of NEC. Under the jurisdiction of MSHA. Not within the scope of CEC.
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Hazardous materials from an explosive standpoint typically have a temperature 

associated with their ignition.   



Temperature Class Markings

Temperature

US (NEC 505)
CA(CEC Section 18)
EU
IEC

US (NEC 500)
CA(CEC Annex J)

450ÁC T1 T1

300ÁC T2 T2

280ÁC - T2A

260ÁC - T2B

230ÁC - T2C

215ÁC - T2D

200ÁC T3 T3

Temperature

US (NEC 505)
CA(CEC Section 18)
EU
IEC

US (NEC 500)
CA(CEC Annex J)

180ÁC - T3A

165ÁC - T3B

160ÁC - T3C

135ÁC T4 T4

120ÁC - T4A

100ÁC T5 T5

85ÁC T6 T6

Temperature Classes are not used for Dust per US NEC 506 , EU and IEC. Actual

temperature is shown in degrees Celsius as ñ T _ _ _ ° Cò  (i.e. T120° C)
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Á It is the responsibility of the Customer identify and select the proper

Hazardous Area classification (i.e. Division, Class, Group and Temp

Code) for equipment to meet the requirements of each installation.

Á Baldor & ABB can advise what listing and approvals our motors

carry, but cannot evaluate nor recommend what motors may be

suitable for use in hazardous environments.

Customer Responsibilities
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For hazardous areas there are several protection concepts offered: 

Á Division 1 and Zone 1 : If the risk of exposure is likely the motor 

construction is based on a special motor enclosure that will contain 

the explosion

Á Division 2 and Zone 2: When the risk of exposure is not likely, the 

motor construction is close to an ordinary location motor that 

minimizes the risk of sparking.

Protection Concepts
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Á Hazardous duty motors are certified for specific applications in 

specific environments. 

Á They are not as interchangeable as ordinary locations motors. 

Á Because of their certification they may have limitations on their 

design flexibility.

Motors Operating in Potentially Explosive 

Atmospheres
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Explosion Proof (DIV 1) 

Similar design considerations for 

Division  1 and Ex d :

Á Special motor design

üFrame 

üEnd Plates

üConduit Box

Á Used within the electrical 

design rating specified

Á External surface temperatures 

are kept below specified 

ignition temperatures
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Non Sparking (DIV 2) 

Design considerations for Division  2

Á Open or Enclosed Motor 

construction is close to that of an 

ordinary location motor 

Á No sparks can occur that would 

ignite the flammable material.

Á Used within the electrical design 

rating specified

Á Internal and external surface 

temperatures are kept below 

specified ignition temperatures
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Hazardous Location Nameplates

Á Hazardous location motors 

require a nameplate showing 

the Hazardous Location 

Classification and Certification. 

Á Motor nameplates that carry 

the hazardous certifications 

may only be changed/modified 

at the manufacturerôs plant. 
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Application Considerations:

Using VFDôs on Induction Motors
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Á Centrifugal Pumps

Á Centrifugal Fans/Blowers

Á Centrifugal Compressors

Á Conveyors

Á Agitators

Á Screw pumps

Adjustable Speed Applications



Á Affinity Pump/Fan Laws apply

ü Flow is Directly Proportional to Speed

ü Pressure varies as Square of Speed

ü HP varies as Cube of Speed

Why use VFDôs?
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Á Modern Variable Frequency Drives (VFD) are common throughout 

industry

Á Industrial motor manufacturers use different terms to signify the 

applicability of their motors for use on VFDôs:  

üñInverter Readyò

üñInverter Dutyò

üñInverter Capableò

Á These terms are common applied to ñGeneral Purposeò motors 

that may run on sine wave or Inverter waveforms

Á Does not really reference a standard

Á Most motors will run on VFDôsé.Some longer than others

Considerations for Motors Used on VFDôs 
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Á Three aspects of motor and application that typically are concern 

when operating on VFD

üLoad Characteristics:  Constant Torque/Variable Torque

üMinimum Speed/Turn Down Ratio

üStator Insulation

üBearing Fluting

Considerations for Motors Used on VFDôs 
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Á Load Characteristics:

ü Constant Torque/Variable Torque

ü Speed Range

ÅLess cooling as motor slows

ÅCT load at FL AMPS

ÅMotor Temp concern

ÅAt 50% speed the motor current 

(temp) of CT load much higher 

than VT load

ü Typical Constant torque loads:

ÅConveyors

ÅPD pumps

ÅScrew conveyors

ü Typical Variable torque loads:

ÅFans

ÅCentrifugal pumps

ÅAgitators

Considerations for Motors Used on VFDôs 
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