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NOTICE AND DISCLAIMER 
 

The information in this publication was considered technically sound by the consensus of persons 
engaged in the development and approval of the document at the time it was developed. Consensus 
does not necessarily mean that there is unanimous agreement among every person participating in the 
development of this document. 
 
The National Electrical Manufacturers Association (NEMA) standards and guideline publications, of which 
the document contained herein is one, are developed through a voluntary consensus standards 
development process. This process brings together volunteers and/or seeks out the views of persons who 
have an interest in the topic covered by this publication. While NEMA administers the process and 
establishes rules to promote fairness in the development of consensus, it does not write the document 
and it does not independently test, evaluate, or verify the accuracy or completeness of any information or 
the soundness of any judgments contained in its standards and guideline publications. 
 
NEMA disclaims liability for any personal injury, property, or other damages of any nature whatsoever, 
whether special, indirect, consequential, or compensatory, directly or indirectly resulting from the 
publication, use of, application, or reliance on this document. NEMA disclaims and makes no guaranty or 
warranty, expressed or implied, as to the accuracy or completeness of any information published herein, 
and disclaims and makes no warranty that the information in this document will fulfill any of your particular 
purposes or needs. NEMA does not undertake to guarantee the performance of any individual 
manufacturer or seller’s products or services by virtue of this standard or guide. 
 
In publishing and making this document available, NEMA is not undertaking to render professional or 
other services for or on behalf of any person or entity, nor is NEMA undertaking to perform any duty owed 
by any person or entity to someone else. Anyone using this document should rely on his or her own 
independent judgment or, as appropriate, seek the advice of a competent professional in determining the 
exercise of reasonable care in any given circumstances. Information and other standards on the topic 
covered by this publication may be available from other sources, which the user may wish to consult for 
additional views or information not covered by this publication. 
 
NEMA has no power, nor does it undertake to police or enforce compliance with the contents of this 
document. NEMA does not certify, test, or inspect products, designs, or installations for safety or health 
purposes. Any certification or other statement of compliance with any health- or safety-related information 
in this document shall not be attributable to NEMA and is solely the responsibility of the certifier or maker 
of the statement. 
 
 

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/nema-sm-1-2017-pdf/


 NEMA SM 1-2017 
Part 1: Referenced Standards and Definitions Part 1, Page i 

© 2017 National Electrical Manufacturers Association 

CONTENTS 
 

Foreword ................................................................................................................................................. xi 
Section I General Standards Applying to All Machines  
Part 1 Referenced Standards and Definitions .......................................................................................... 1 

1.1 Scope ......................................................................................................................................... 1 
1.2 Referenced Standards ............................................................................................................... 1 
Definitions ............................................................................................................................................. 5 
Classification According to Size ......................................................................................................... 5 
1.3 Machine ..................................................................................................................................... 5 
1.4 Small (Fractional) Machine ........................................................................................................ 5 
1.5 Medium (Integral) Machine ........................................................................................................ 5 
1.6 Large Machine ........................................................................................................................... 5 
Classification According to Application ............................................................................................ 6 
1.7 General-Purpose Motor ............................................................................................................. 6 
1.8 Industrial Small Motor ................................................................................................................ 6 
1.9 Definite-Purpose Motor .............................................................................................................. 6 
1.10 Special-Purpose Motor .............................................................................................................. 6 
Classification According to Electrical Type ...................................................................................... 6 
1.11 General ...................................................................................................................................... 6 

1.11.1 Electric Motor ............................................................................................................... 6 
1.12 Electric Machines ...................................................................................................................... 6 

1.12.1 Synchronous Motor ..................................................................................................... 6 
1.12.2 Permanent Magnet Synchronous Motor ...................................................................... 6 
1.12.3 Line-Start Permanent Magnet Synchronous Motor (LSPM) ........................................ 7 

1.13 Design Letters of Line-Start Permanent Magnet Synchronous Medium Motors ....................... 7 
1.13.1 Design MA ................................................................................................................... 7 
1.13.2 Design MB ................................................................................................................... 7 

Classification According to Environmental Protection and Methods of Cooling .......................... 7 
1.14 Open Machine (IP00, IC01) ....................................................................................................... 7 

1.14.1 Drip-Proof Machine (IP12, IC01) ................................................................................. 7 
1.14.2 Splash-Proof Machine (IP13, IC01) ............................................................................. 7 
1.14.3 Semi-Guarded Machine (IC01) ................................................................................... 7 
1.14.4 Guarded Machine (IC01) ............................................................................................. 8 
1.14.5 Drip-Proof Guarded Machine (IC01) ......................................................................... 10 
1.14.6 Open Independently Ventilated Machine (IC06) ....................................................... 10 
1.14.7 Open Pipe-Ventilated Machine .................................................................................. 10 

1.15 Weather-Protected Machine .................................................................................................... 10 
1.15.1 Type I (IC01) .............................................................................................................. 10 
1.15.2 Type II (IC01) ............................................................................................................. 10 

1.16 Totally Enclosed Machine ........................................................................................................ 10 
1.16.1 Totally Enclosed Nonventilated Machine (IC410) ..................................................... 10 
1.16.2 Totally Enclosed Fan-Cooled Machine ...................................................................... 10 
1.16.3 Totally Enclosed Fan-Cooled Guarded Machine (IC411) ......................................... 11 
1.16.4 Totally Enclosed Pipe-Ventilated Machine (IP44) ..................................................... 11 
1.16.5 Totally Enclosed Water-Cooled Machine (IP54) ....................................................... 11 
1.16.6 Water-Proof Machine (IP55) ...................................................................................... 11 
1.16.7 Totally Enclosed Air-to-Water-Cooled Machine (IP54) ............................................. 11 
1.16.8 Totally Enclosed Air-to-Air-Cooled Machine (IP54) ................................................... 11 
1.16.9 Totally Enclosed Air-Over Machine (IP54, IC417) .................................................... 11 
1.16.10 Explosion-Proof Machine......................................................................................... 12 
1.16.11 Dust-Ignition-Proof Machine .................................................................................... 12 

1.17 Machine with Moisture-Resistant, Encapsulated, or Sealed Windings ................................... 12 
1.17.1 Machine with Moisture-Resistant Windings ............................................................... 12 

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/nema-sm-1-2017-pdf/


NEMA SM 1-2017 
Part 1, Page ii  Part 1: Referenced Standards and Definitions 
 

© 2017 National Electrical Manufacturers Association 

1.17.2 Machine with Encapsulated Windings ....................................................................... 12 
1.17.3 Machine with Sealed Windings ................................................................................. 12 

Classification According to Variability of Speed ............................................................................ 12 
1.18 Constant-Speed Motor ............................................................................................................ 12 
1.19 Adjustable-Speed Motor .......................................................................................................... 13 
1.20 Base Speed of an Adjustable-Speed Motor ............................................................................ 13 
Rating, Performance, and Test .......................................................................................................... 13 
1.21 Rating of a Machine ................................................................................................................. 13 

1.21.1 Continuous Rating ..................................................................................................... 13 
1.21.2 Short-Time Rating ..................................................................................................... 13 

1.22 Efficiency ................................................................................................................................. 13 
1.22.1 General ...................................................................................................................... 13 

1.23 Service Factor.......................................................................................................................... 13 
1.24 EMF Definitions ....................................................................................................................... 13 

1.24.1 Back EMF .................................................................................................................. 13 
1.24.2 Voltage Constant ....................................................................................................... 13 

1.25 Full-Load Torque ..................................................................................................................... 14 
1.26 Cogging Torque ....................................................................................................................... 14 
1.27 Torque Ripple .......................................................................................................................... 14 
1.28 Locked-Rotor Torque (Static Torque) ...................................................................................... 14 
1.29 Pull-up Torque ......................................................................................................................... 14 
1.30 Pull-out Torque ........................................................................................................................ 14 
1.31 Pull-in Torque .......................................................................................................................... 14 
1.32 Locked-Rotor Current .............................................................................................................. 14 
1.33 No-Load Current ...................................................................................................................... 14 
1.34 Demagnetization Current ......................................................................................................... 14 
1.35 Temperature Tests .................................................................................................................. 15 
1.36 Ambient Temperature .............................................................................................................. 15 
1.37 High-Potential Tests ................................................................................................................ 15 
1.38 Radial Magnetic Pull and Axial Centering Force ..................................................................... 15 

1.38.1 Radial Magnetic Pull .................................................................................................. 15 
1.38.2 Axial Centering Force ................................................................................................ 15 

1.39 Equivalent Circuits ................................................................................................................... 15 
1.39.1 Polyphase Line-Start Permanent Magnet Machine ................................................... 15 
1.39.2 Polyphase Permanent Magnet Machine ................................................................... 15 
1.39.3 Definitions (See Figure 1-4)....................................................................................... 16 

1.40 Electromagnetic Compatibility (EMC) ...................................................................................... 17 
1.40.1 Electrical Noise .......................................................................................................... 17 

1.41 Electrical Noise Immunity ........................................................................................................ 17 
1.42 Electromagnetic Interference (EMI) ......................................................................................... 17 
Complete Machines and Parts .......................................................................................................... 17 
1.43 Face- and Flange-Mounting .................................................................................................... 17 

1.43.1 Type C Face .............................................................................................................. 17 
1.43.2 Type D Flange ........................................................................................................... 17 
1.43.3 Type P Flange ........................................................................................................... 17 

Classification of Insulation Systems ................................................................................................ 17 
1.44 Insulation System .................................................................................................................... 17 

1.44.1 Coil Insulation with Its Accessories ........................................................................... 17 
1.44.2 Connection and Winding Support Insulation ............................................................. 18 
1.44.3 Associated Structural Parts ....................................................................................... 18 

1.45 Classification of Insulation Systems ........................................................................................ 18 
Miscellaneous ..................................................................................................................................... 19 
1.46 Nameplate Marking ................................................................................................................. 19 

1.46.1 Nameplate ................................................................................................................. 19 
1.46.2 Additional Nameplate Markings ................................................................................. 19 

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/nema-sm-1-2017-pdf/


 NEMA SM 1-2017 
Part 1: Referenced Standards and Definitions Part 1, Page iii 

© 2017 National Electrical Manufacturers Association 

1.47 Code Letter .............................................................................................................................. 19 
1.48 Thermal Protector .................................................................................................................... 19 
1.49 Thermally Protected ................................................................................................................ 20 
1.50 Over Temperature Protection .................................................................................................. 20 
1.51 Constant Flux........................................................................................................................... 20 
1.52 Deviation Factor ...................................................................................................................... 20 
1.53 Marking Abbreviations for Machines ....................................................................................... 20 

General Standards Applying to Polyphase Permanent Magnet  Synchronous Alternating-Current 
Motors  
Part 2 Terminal Markings ........................................................................................................................... 1 

General .................................................................................................................................................. 1 
2.1 Location of Terminal Markings .................................................................................................. 1 
2.2 Terminal Markings ..................................................................................................................... 1 
2.3 Numerals on Terminals of Polyphase Permanent Magnet Synchronous Motors ..................... 2 

2.3.1 Polyphase Permanent Magnet Synchronous Motors .................................................... 2 
2.3.2 Definition of Phase Sequence ....................................................................................... 2 
2.3.3 Phase Sequence ........................................................................................................... 2 
2.3.4 Direction of Rotation ...................................................................................................... 2 

Polyphase Permanent Magnet Synchronous Alternating-Current Motors ..................................... 3 
2.4 General Principles for Terminal Markings for Polyphase Permanent Magnet Synchronous 

Alternating-Current Motors ........................................................................................................ 3 
2.4.1 Method of Marking ......................................................................................................... 3 

2.5 Terminal Markings for Three-Phase Single-Speed Permanent Magnet Synchronous 
Alternating-Current Motors ........................................................................................................ 4 
2.5.1 First ................................................................................................................................ 4 
2.5.2 Second ........................................................................................................................... 4 
2.5.3 Third ............................................................................................................................... 4 
2.5.4 Fourth ............................................................................................................................ 4 
2.5.5 Fifth ................................................................................................................................ 5 
2.5.6 Sixth ............................................................................................................................... 5 

2.6 Terminal Markings for y- and Delta-Connected Dual-Voltage Motors....................................... 5 
Auxiliary Devices .................................................................................................................................. 8 
2.7 Terminal Markings ..................................................................................................................... 8 

2.7.1 General .......................................................................................................................... 8 
2.7.2 Auxiliary Terminal Marking Rules .................................................................................. 8 
2.7.3 Examples of Marking ..................................................................................................... 9 
2.7.4 Auxiliary Devices Within Motor .................................................................................... 11 
2.7.5 Auxiliary Devices External to Motor ............................................................................. 11 
2.7.6 Marking of Rigidly Mounted Terminals ........................................................................ 12 

General Standards Applying to All Machines  
Part 3 Dimensions, Tolerances, and Mounting ........................................................................................ 1 

3.1 Letter Symbols for Dimension Sheets ....................................................................................... 1 
3.2 System for Designating Frames .............................................................................................. 10 

3.2.1 Frame Numbers ........................................................................................................... 10 
3.2.2 Frame Letters .............................................................................................................. 12 

3.3 Motor Mounting and Terminal Housing Location ..................................................................... 13 
3.4 Dimensions—AC Machines ..................................................................................................... 15 

3.4.1 Dimensions for Alternating-Current Foot-Mounted Machines with Single Straight-Shaft 
Extension ...................................................................................................................... 15 

3.4.2 Shaft Extensions and Key Dimensions for Alternating-Current Foot-Mounted Machines 
with Single Tapered or Double Straight/Tapered Shaft Extension .............................. 17 

3.4.3 Shaft Extension Diameters and Key Dimensions for Alternating-Current Motors Built in 
Frames Larger than the 449T Frame ........................................................................... 19 

3.4.4 Dimensions for Type C Face-Mounting Foot or Footless Alternating-Current Motors . 19 

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/nema-sm-1-2017-pdf/


NEMA SM 1-2017 
Part 1, Page iv  Part 1: Referenced Standards and Definitions 
 

© 2017 National Electrical Manufacturers Association 

3.4.5 Dimensions for Type FC Face-Mounting for Accessories on End Opposite Drive End of 
Alternating-Current Motors ........................................................................................... 20 

3.4.6 Dimensions for Type D Flange-Mounted Footed or Footless Alternating-Current 
Motors .......................................................................................................................... 22 

3.5 Tolerance Limits in Dimensions ............................................................................................... 23 
3.6 Knockout and Clearance Hole Diameter for Machine Terminal Boxes ................................... 23 
3.7 Tolerances on Shaft Extension Diameters and Keyseats ....................................................... 23 

3.7.1 Shaft Extension Diameter ............................................................................................ 23 
3.7.2 Keyseat Width ............................................................................................................. 23 
3.7.3 Bottom of Keyseat to Shaft Surface ............................................................................ 24 
3.7.4 Parallelism of Keyseats to Shaft Centerline ................................................................ 24 
3.7.5 Lateral Displacement of Keyseats ............................................................................... 24 
3.7.6 Diameters and Keyseat Dimensions ........................................................................... 24 
3.7.7 Shaft Runout ................................................................................................................ 24 
3.7.8 Shaft Extension Key(s) ................................................................................................ 27 

3.8 Ring Groove Shaft Keyseats for Vertical Shaft Motors ........................................................... 27 
3.9 Method of Measurement of Shaft Runout and of Eccentricity and Face Runout of Mounting 

Surfaces ................................................................................................................................... 27 
3.9.1 Shaft Runout ................................................................................................................ 27 
3.9.2 Eccentricity and Face Runout of Mounting Surfaces .................................................. 27 

3.10 Tolerances for Type C Face-Mounting and Type D Flange-Mounting Motors ........................ 27 
3.11 Tolerances for Type P Flange-Mounted Motors ...................................................................... 28 
3.12 Mounting Bolts or Studs .......................................................................................................... 28 
3.13 Method to Check Coplanarity of Feet of Fully Assembled Motors .......................................... 29 
3.14 Method of Measurement of Shaft Extension Parallelism to Foot Plane .................................. 29 
3.15 Measurement of Bearing Temperature ................................................................................... 29 
3.16 Terminal Connections for Small Motors .................................................................................. 30 

3.16.1 Terminal Leads .......................................................................................................... 30 
3.16.2 Blade Terminals ......................................................................................................... 30 

3.17 Motor Terminal Housings ........................................................................................................ 30 
3.17.1 Small and Medium Motors ......................................................................................... 30 
3.17.2 Dimensions ................................................................................................................ 30 

General Standards Applying to Polyphase Permanent Magnet Synchronous Alternating-Current 
Motors  
Part 4 Mechanical Vibration—Measurement, Evaluation, and Limits .................................................... 1 

4.1 Scope ......................................................................................................................................... 1 
4.2 Object ........................................................................................................................................ 1 
4.3 References ................................................................................................................................ 1 
4.4 Measurement Quantity .............................................................................................................. 1 

4.4.1 Bearing Housing Vibration ............................................................................................. 1 
4.4.2 Relative Shaft Vibration ................................................................................................. 1 

4.5 Measuring Equipment ................................................................................................................ 1 
4.6 Motor Mounting .......................................................................................................................... 1 

4.6.1 General .......................................................................................................................... 1 
4.6.2 Resilient Mounting ......................................................................................................... 2 
4.6.3 Rigid Mounting ............................................................................................................... 2 
4.6.4 Active Environment Determination ................................................................................ 3 

4.7 Conditions of Measurement ....................................................................................................... 3 
4.7.1 Shaft Key ....................................................................................................................... 3 
4.7.2 Measurement Points for Vibration ................................................................................. 3 
4.7.3 Operating Conditions ..................................................................................................... 4 
4.7.4 Vibration Transducer Mounting ..................................................................................... 6 

4.8 Limits of Bearing Housing Vibration .......................................................................................... 6 
4.8.1 General .......................................................................................................................... 6 

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/nema-sm-1-2017-pdf/


 NEMA SM 1-2017 
Part 1: Referenced Standards and Definitions Part 1, Page v 

© 2017 National Electrical Manufacturers Association 

4.8.2 Axial Vibration ................................................................................................................ 7 
4.9 Limits of Relative Shaft Vibration .............................................................................................. 8 

4.9.1 General .......................................................................................................................... 8 
4.9.2 Shaft Vibration Limits ..................................................................................................... 8 

General Standards Applying to Polyphase Permanent Magnet Synchronous Alternating-Current 
Motors  
Part 5 Sound Power Limits and Measurement Procedures .................................................................... 1 

5.1 Scope ......................................................................................................................................... 1 
5.2 General ...................................................................................................................................... 1 
5.3 References ................................................................................................................................ 1 
5.4 Methods of Measurement .......................................................................................................... 1 
5.5 Test Conditions .......................................................................................................................... 2 

5.5.1 Machine Mounting ......................................................................................................... 2 
5.5.2 Test Operating Conditions ............................................................................................. 2 

5.6 Sound Power Level ................................................................................................................... 2 
5.7 Determination of Sound Pressure Level .................................................................................... 3 

Section II Small (Fractional) and Medium (Integral) Permanent Magnet Machines  
Part 6 Ratings—AC Small and Medium Permanent Magnet Motors ...................................................... 1 

6.1 Scope ......................................................................................................................................... 1 
6.2 Voltages ..................................................................................................................................... 1 
6.3 Frequencies ............................................................................................................................... 1 

6.3.1 Alternating-Current Motors ............................................................................................ 1 
6.4 Horsepower and Speed Ratings ............................................................................................... 2 

6.4.1 Small Permanent Magnet Motors .................................................................................. 2 
6.4.2 Polyphase Medium Permanent Magnet Motors ............................................................ 2 

6.5 Time Ratings for Polyphase Permanent Magnet Motors .......................................................... 3 
6.6 Code Letters (for Locked-Rotor kVA) ........................................................................................ 3 

6.6.1 Nameplate Marking ....................................................................................................... 3 
6.6.2 Letter Designation ......................................................................................................... 4 
6.6.3 Single-Speed Motors ..................................................................................................... 4 
6.6.4 Broad- or Dual-Voltage Motors ...................................................................................... 4 
6.6.5 Dual-Frequency Motors ................................................................................................. 4 
6.6.6 Part-Winding-Start Motors ............................................................................................. 4 

6.7 Nameplate Temperature Ratings for Permanent Magnet Small Motors ................................... 4 
6.8 Nameplate Marking for Permanent Magnet Small Motors ........................................................ 5 

6.8.1 Alternating-Current Polyphase Permanent Magnet Motors, Except Those Included in 
6.8.2 and 6.8.3 ............................................................................................................... 5 

6.8.2 Permanent Magnet Motors Rated Less than 1/20 Horsepower .................................... 5 
6.8.3 Motors Intended for Assembly in a Device Having Its Own Markings .......................... 6 
6.8.4 Motors for Dual Voltage ................................................................................................. 6 

6.9 Nameplate Marking for Medium Polyphase Permanent Magnet Motors .................................. 6 
6.9.1 Medium Polyphase Permanent Magnet Motors ............................................................ 7 

Small (Fractional) and Medium (Integral) Motors  
Part 7 Tests and Performance ................................................................................................................... 1 

7.0 Scope ......................................................................................................................................... 1 
7.1 High-Potential Test—Safety Precautions and Test Procedure ................................................. 1 
7.2 High-Potential Test Voltages for Permanent Magnet Motors .................................................... 1 
7.3 High-Potential Production Testing of Small Motors ................................................................... 2 

7.3.1 Dielectric Test Equipment .............................................................................................. 2 
7.3.2 Evaluation of Insulation Systems by a Dielectric Test ................................................... 2 

7.4 Repetitive Surge Test for Small and Medium Motors ................................................................ 2 
7.5 Mechanical Vibration ................................................................................................................. 3 
7.6 Bearing Losses—Vertical Pump Motors .................................................................................... 3 
7.7 Test Methods ............................................................................................................................. 3 

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/nema-sm-1-2017-pdf/


NEMA SM 1-2017 
Part 1, Page vi  Part 1: Referenced Standards and Definitions 
 

© 2017 National Electrical Manufacturers Association 

7.8 Performance Characteristics ..................................................................................................... 3 
7.9 Locked-Rotor Current of Three-Phase Small and Medium Motors ........................................... 3 

7.9.1 60-Hertz Design MB Motors at 230 Volts ...................................................................... 3 
7.9.2 50-Hertz Design MB Motors at 380 Volts ...................................................................... 4 

7.10 Instantaneous Peak Value of Inrush Current ............................................................................ 6 
7.11 Locked-Rotor Torque of Single-Speed Polyphase Small and Medium Motors with Continuous 

Ratings ....................................................................................................................................... 6 
7.12 Pull-in Torque of Single-Speed Polyphase Small and Medium Motors with Continuous 

Ratings ....................................................................................................................................... 6 
7.13 Accelerating Torque of Single-Speed Polyphase Small and Medium Motors with Continuous 

Ratings ....................................................................................................................................... 6 
7.14 Pull-out Torque of Single-Speed Polyphase Medium Motors with Continuous Ratings ........... 6 
7.15 Temperature Rise ...................................................................................................................... 7 

7.15.1 Small Motors—Motor Nameplates Marked with Insulation System Designation and 
Ambient Temperature ................................................................................................. 7 

7.15.2 Medium Polyphase Motors .......................................................................................... 7 
7.15.3 Temperature Rise for Ambients Higher than 40°C ...................................................... 8 
7.15.4 Temperature Rise for Air-Cooled Machines in Ambients Lower than 40°C but Not 

Below 0°C* .................................................................................................................. 8 
7.16 Variation from Rated Voltage and Rated Frequency ................................................................ 9 

7.16.1 Running ....................................................................................................................... 9 
7.16.2 Starting ........................................................................................................................ 9 

7.17 Voltage Unbalance .................................................................................................................. 10 
7.18 Variation from Rated Speed .................................................................................................... 10 
7.19 Nameplate Amperes—Medium Motors ................................................................................... 10 
7.20 Occasional Excess Current ..................................................................................................... 10 
7.21 Stall Time ................................................................................................................................. 10 
7.22 Performance of Medium Motors with Dual Voltage Rating ..................................................... 10 
7.23 Service Factor.......................................................................................................................... 10 
7.24 Open Type Motors ................................................................................................................... 10 
7.25 Overspeeds for Motors ............................................................................................................ 11 

7.25.1 Motors Rated 60 Hz and Less ................................................................................... 11 
7.25.2 Motors Rated 60 Hz Operated at Speeds Above 60 Hz Synchronous Speed .......... 11 

7.26 Machine Sound—Medium Motors ........................................................................................... 12 
7.27 Number of Starts ..................................................................................................................... 13 

7.27.1 Normal Starting Conditions........................................................................................ 13 
7.27.2 Other than Normal Starting Conditions ..................................................................... 13 
7.27.3 Considerations for Additional Starts .......................................................................... 13 

7.28 Routine Tests for Polyphase Medium Permanent Magnet Synchronous Motors ................... 14 
7.28.1 Method of Testing ...................................................................................................... 14 
7.28.2 Typical Tests on Completely Assembled Motors ...................................................... 14 
7.28.3 Typical Tests on Motors Not Completely Assembled ................................................ 14 

7.29 Thermal Protection of Medium Motors .................................................................................... 14 
7.29.1 Winding Temperature ................................................................................................ 14 

7.30 Over Temperature Protection of Medium Motors Not Meeting the Definition of “Thermally 
Protected” ................................................................................................................................ 15 
7.30.1 Type 1—Winding Running and Locked-Rotor Over Temperature Protection ........... 16 
7.30.2 Type 2—Winding Running Over Temperature Protection ......................................... 16 
7.30.3 Type 3—Winding Over Temperature Protection, Nonspecific Type ......................... 16 

7.31 Efficiency ................................................................................................................................. 16 
7.31.1 Determination of Motor Efficiency and Losses .......................................................... 16 
7.31.2 Efficiency of Polyphase Medium Motors with Continuous Ratings ........................... 17 

7.32 Efficiency Levels of Energy-Efficient Polyphase Random Wound Motors Rated 600 Volts or 
Less at 60 Hz ........................................................................................................................... 18 

7.33 Efficiency Level of Premium Efficiency Electric Motors ........................................................... 18 

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/nema-sm-1-2017-pdf/


 NEMA SM 1-2017 
Part 1: Referenced Standards and Definitions Part 1, Page vii 

© 2017 National Electrical Manufacturers Association 

7.33.1 60-Hz Motors Rated 600 Volts or Less (Random Wound) ........................................ 18 
7.33.2 60-Hz Motors Rated Medium Voltage, 5,000 Volts or Less (Form Wound) .............. 18 
7.33.3 50-Hz Motors Rated 600 Volts or Less (Random Wound) ........................................ 18 

7.34 Machine with Encapsulated or Sealed Windings—Conformance Tests ................................. 24 
7.35 Machine with Moisture-Resistant Windings—Conformance Test ........................................... 25 

Part 8  Application Data—AC Permanent Magnet Small and Medium Machines ............................... 27 
8.0 Scope ....................................................................................................................................... 27 
8.1 Proper Selection of Apparatus ................................................................................................. 27 
8.2 Usual Service Conditions ........................................................................................................ 27 

8.2.1 Environmental Conditions............................................................................................ 27 
8.2.2 Operating Conditions ................................................................................................... 28 

8.3 Unusual Service Conditions .................................................................................................... 28 
8.4 Permanent Magnet Generated Voltage ................................................................................... 28 
8.5 Temperature Rise .................................................................................................................... 28 

8.5.1 Ambient Temperature at Altitudes for Rated Temperature Rise ................................. 29 
8.5.2 Motors with Service Factor .......................................................................................... 29 
8.5.3 Temperature Rise at Sea Level ................................................................................... 29 
8.5.4 Preferred Values of Altitude for Rating Motors ............................................................ 29 

8.6 Short-Time Rated Electrical Machines .................................................................................... 29 
8.7 Direction of Rotation ................................................................................................................ 29 
8.8 Application of Pulleys, Sheaves, Sprockets, and Gears on Motor Shafts ............................... 30 

8.8.1 Mounting ...................................................................................................................... 30 
8.8.2 Minimum Pitch Diameter for Drives Other than V-Belt ................................................ 30 
8.8.3 Maximum Speed of Drive Components ....................................................................... 30 

8.9 Through-Bolt Mounting ............................................................................................................ 30 
8.10 Rodent Protection .................................................................................................................... 31 
8.11 Effects of Variation of Voltage and Frequency Upon the Performance of Permanent Magnet 

Synchronous Motors ................................................................................................................ 31 
8.11.1 General ...................................................................................................................... 31 
8.11.2 Effects of Variation in Voltage on Temperature ........................................................ 31 
8.11.3 Effects of Variation in Voltage on Power Factor ........................................................ 31 
8.11.4 Effects of Variation in Voltage on Starting Torques .................................................. 31 
8.11.5 Effects of Variation in Frequency .............................................................................. 32 
8.11.6 Effects of Variations in Both Voltage and Frequency ................................................ 32 
8.11.7 Effects on Special-Purpose or Small Motors ............................................................. 32 

8.12 Machines Operating on an Ungrounded System .................................................................... 32 
8.13 Effects of Voltages over 600 Volts on the Performance of Low Voltage Motors ..................... 32 
8.14 Operation of General-Purpose Alternating-Current Polyphase, 2-, 4-, 6-, and 8-Pole, 60-Hertz 

Medium Permanent Magnet Synchronous Motors Operated on 50 Hertz .............................. 32 
8.14.1 Speed ........................................................................................................................ 33 
8.14.2 Torques...................................................................................................................... 33 
8.14.3 Locked-Rotor Current ................................................................................................ 33 
8.14.4 Service Factor ........................................................................................................... 33 
8.14.5 Temperature Rise ...................................................................................................... 33 

8.15 Operation of 230-Volt Permanent Magnet Synchronous Motors on 208-Volt Systems .......... 33 
8.15.1 General ...................................................................................................................... 33 
8.15.2 Nameplate Marking of “Usable @ 200 V”.................................................................. 33 
8.15.3 Effects on Performance of Motor ............................................................................... 33 

8.16 Effects of Unbalanced Voltages on Motor Performance ......................................................... 34 
8.16.1 Effects on Performance—General ............................................................................ 34 
8.16.2 Unbalance Defined .................................................................................................... 35 
8.16.3 Torques...................................................................................................................... 35 
8.16.4 Currents ..................................................................................................................... 35 

8.17 Effects of Power Supply Harmonic Content on Motor Performance ....................................... 35 

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/nema-sm-1-2017-pdf/


NEMA SM 1-2017 
Part 1, Page viii  Part 1: Referenced Standards and Definitions 
 

© 2017 National Electrical Manufacturers Association 

8.17.1 Efficiency ................................................................................................................... 35 
8.17.2 Derating for Harmonic Content .................................................................................. 35 

8.18 Application of Alternating-Current Motors with Service Factors .............................................. 36 
8.18.1 General ...................................................................................................................... 36 
8.18.2 Temperature Rise—Medium Alternating-Current Motors .......................................... 37 
8.18.3 Temperature Rise—Small Alternating-Current Motors ............................................. 37 

8.19 Coupling End-Play and Rotor Float for Horizontal Alternating-Current Motors ....................... 37 
8.19.1 Preferred Ratings for Motors with Ball Bearings ....................................................... 37 
8.19.2 Drawing and Shaft Markings ..................................................................................... 37 

8.20 Application of Medium Alternating-Current Permanent Magnet Synchronous Machines with 
Sealed Windings ...................................................................................................................... 37 
8.20.1 Usual Service Conditions .......................................................................................... 37 
8.20.2 Unusual Service Conditions ...................................................................................... 38 
8.20.3 Hazardous Locations ................................................................................................. 38 

8.21 Application of V-Belt Sheaves to Alternating-Current Motors Having Antifriction Bearings .... 38 
8.21.1 Dimensions ................................................................................................................ 38 
8.21.2 Radial Overhung Load Limitations ............................................................................ 38 

8.22 Aseismatic Capability .............................................................................................................. 38 
8.23 Power Factor of Three-Phase Permanent Magnet Synchronous Medium Motors with 

Continuous Ratings ................................................................................................................. 40 
8.23.1 Determination of Power Factor from Nameplate Data .............................................. 40 
8.23.2 Determination of Capacitor Rating for Correcting Power Factor to Desired Value ... 41 
8.23.3 Determination of Corrected Power Factor for Specified Capacitor Rating ................ 41 
8.23.4 Application of Power Factor Correction Capacitors on Power Systems ................... 41 
8.23.5 Application of Power Factor Correction Capacitors on Motors Operated from 

Electronic Power Supply............................................................................................ 41 
8.24 Bus Transfer or Reclosing ....................................................................................................... 41 
8.25 Effects of Load on Motor Efficiency ......................................................................................... 42 
8.26 Reed Frequency of Vertical Machines .................................................................................... 42 

Section III Large Motors—Alternating-Current Permanent Magnet Motors 
Part 9 General Requirements, Test and Performance, and Compressor Factors for Large 
Alternating-Current Permanent Magnet Motors....................................................................................... 1 

9.1 Scope ......................................................................................................................................... 1 
9.2 Basis of Rating .......................................................................................................................... 1 
9.3 Motor Power and Speed Ratings .............................................................................................. 1 
9.4 Voltage Ratings ......................................................................................................................... 2 

9.4.1 Voltage Ratings ............................................................................................................. 2 
9.4.2 Preferred Motor Power and Voltage Rating .................................................................. 2 

9.5 Frequencies ............................................................................................................................... 2 
9.6 Service Factor............................................................................................................................ 3 

9.6.1 Service Factor of 1.0 ..................................................................................................... 3 
9.6.2 Service Factor of 1.15 ................................................................................................... 3 
9.6.3 Application of Motors with a Service Factor of 1.15 ...................................................... 3 

Tests and Performance ........................................................................................................................ 3 
9.7 Temperature Rise ...................................................................................................................... 3 

9.7.1 Machines with a 1.0 Service Factor at Rated Load ....................................................... 4 
9.7.2 Machines with a 1.15 Service Factor at Service Factor Load ....................................... 4 
9.7.3 Temperature Rise for Ambients Higher than 40°C ........................................................ 4 
9.7.4 Temperature Rise for Altitudes Greater than 3,300 Feet (1,000 Meters) ..................... 5 
9.7.5 Temperature Rise for Air-Cooled Motors for Ambients Lower than 40°C but Not Below 

0°C* ............................................................................................................................... 5 
9.8 Code Letters (for Locked-Rotor kVA) ........................................................................................ 6 
9.9 Torque ....................................................................................................................................... 6 

9.9.1 Standard Torque ............................................................................................................ 6 



 NEMA SM 1-2017 
Part 1: Referenced Standards and Definitions Part 1, Page ix 

© 2017 National Electrical Manufacturers Association 

9.9.2 Motor Torques When Customer Specifies a Custom Load Curve ................................ 7 
9.10 Load Wk2 for Permanent Magnet Alternating-Current Polyphase Motors ................................. 7 
9.11 Number of Starts ....................................................................................................................... 7 

9.11.1 Starting Capability ....................................................................................................... 7 
9.11.2 Additional Starts .......................................................................................................... 7 
9.11.3 Information Plate ......................................................................................................... 7 

9.12 Overspeeds ............................................................................................................................... 7 
9.13 Variations from Rated Voltage and Rated Frequency ............................................................... 9 

9.13.1 Running ....................................................................................................................... 9 
9.13.2 Starting ........................................................................................................................ 9 

9.14 Tests .......................................................................................................................................... 9 
9.14.1 Test Methods ............................................................................................................... 9 
9.14.2 Routine Tests on Motors Completely Assembled in the Factory .............................. 10 
9.14.3 Routine Tests on Motors Not Completely Assembled in the Factory ........................ 10 

9.15 High-Potential Test .................................................................................................................. 10 
9.15.1 Safety Precautions and Test Procedure .................................................................... 10 
9.15.2 Test Voltage—Primary Windings .............................................................................. 10 

9.16 Motor with Sealed Windings—Conformance Tests ................................................................. 10 
9.16.1 Test for Stator That Can Be Submerged ................................................................... 10 
9.16.2 Test for Stator That Cannot Be Submerged .............................................................. 11 

9.17 Motor Sound ............................................................................................................................ 11 
9.18 Report of Test Form for Permanent Magnet AC Motors ......................................................... 11 
9.19 Efficiency ................................................................................................................................. 11 

9.19.1 Determination of Motor Efficiency ............................................................................. 11 
9.19.A Efficiency of Permanent Magnet Alternating-Current Large Motors with Continuous 

Ratings ...................................................................................................................... 11 
9.19.B Efficiency Levels of 60-Hz Energy-Efficient Polyphase Random Wound Large 

Motors ....................................................................................................................... 11 
9.19.C Efficiency Levels of Premium Efficiency Large Electric Motors ................................ 12 

9.20 Reserved for Future Use ......................................................................................................... 18 
9.21 Reserved for Future Use ......................................................................................................... 18 
9.22 Mechanical Vibration ............................................................................................................... 18 
9.23 Reed Frequency of Vertical Motors ......................................................................................... 19 
9.24 Effects of Unbalanced Voltages on the Performance of Permanent Magnet Alternating-

Current Motors ......................................................................................................................... 19 
9.24.1 Effect on Performance—General .............................................................................. 20 
9.24.2 Voltage Unbalance Defined ....................................................................................... 20 
9.24.3 Torques...................................................................................................................... 20 
9.24.4 Currents ..................................................................................................................... 20 

9.25 Effects of Power Supply Harmonic Content on Motor Performance ....................................... 20 
9.25.1 Efficiency ................................................................................................................... 20 
9.25.2 Derating for Harmonic Content .................................................................................. 20 
9.25.3 Harmonic Voltage Factor (HVF) Defined ................................................................... 21 
9.25.4 Power Factor Correction ............................................................................................ 21 

Manufacturing ..................................................................................................................................... 22 
9.26 Nameplate Marking ................................................................................................................. 22 

9.26.1 Alternating-Current Permanent Magnet Motors ........................................................ 22 
9.27 Motor Terminal Housings and Boxes ...................................................................................... 22 

9.27.1 Box Dimensions ......................................................................................................... 22 
9.27.2 Accessory Lead Terminations ................................................................................... 22 
9.27.3 Lead Terminations of Accessories Operating at 50 Volts or Less ............................ 22 

9.28 Embedded Temperature Detectors ......................................................................................... 23 
Application Data ................................................................................................................................. 24 
9.29 Service Conditions ................................................................................................................... 24 

9.29.1 General ...................................................................................................................... 24 



NEMA SM 1-2017 
Part 1, Page x  Part 1: Referenced Standards and Definitions 
 

© 2017 National Electrical Manufacturers Association 

9.29.2 Usual Service Conditions .......................................................................................... 25 
9.29.3 Unusual Service Conditions ...................................................................................... 25 
9.29.4 Permanent Magnet Generated Voltage ..................................................................... 25 

9.30 End-Play and Rotor Float for Coupled Sleeve Bearing Horizontal Permanent Magnet 
Alternating-Current Motors ...................................................................................................... 26 
9.30.1 General ...................................................................................................................... 26 
9.30.2 Limits ......................................................................................................................... 26 
9.30.3 Marking Requirements .............................................................................................. 26 

9.31 Pulsating Stator Current in Permanent Magnet Alternating-Current Motors ........................... 26 
9.31.1 Torque Pulsations During Starting of Permanent Magnet Motors ............................ 26 

9.32 Aseismatic Capability .............................................................................................................. 27 
9.32.1 General ...................................................................................................................... 27 
9.32.2 Frequency Response Spectrum ................................................................................ 27 
9.32.3 Units for Capability Requirements ............................................................................. 27 
9.32.4 Recommended Peak Acceleration Limits .................................................................. 27 

9.33 Belt, Chain, and Gear Drive ..................................................................................................... 28 
9.34 Bus Transfer or Reclosing ....................................................................................................... 28 
9.35 Power Factor Correction .......................................................................................................... 28 
9.36 Surge Capabilities of AC Windings with Form-Wound Coils ................................................... 29 

9.36.1 General ...................................................................................................................... 29 
9.36.2 Surge Sources ........................................................................................................... 29 
9.36.3 Factors Influencing Magnitude and Rise Time .......................................................... 29 
9.36.4 Surge Protection ........................................................................................................ 29 
9.36.5 Surge Withstand Capability for Standard Motors ...................................................... 29 
9.36.6 Special Surge Withstand Capability .......................................................................... 29 
9.36.7 Testing ....................................................................................................................... 29 
9.36.8 Test Voltage Values .................................................................................................. 30 

9.37 Motors Operating on an Ungrounded System ......................................................................... 30 
9.38 Occasional Excess Current ..................................................................................................... 30 

9.38.1 Calculation of Natural Frequency of Permanent Magnet Motor Direct-Connected to 
Reciprocating Machinery ........................................................................................... 30 

9.38.2 Undamped Natural Frequency .................................................................................. 30 
9.38.3 Synchronizing Torque Coefficient, Pr ........................................................................ 31 
9.38.4 Factors Influencing Pr ................................................................................................ 31 

9.39 Compressor Factors ................................................................................................................ 31 
 
 

 



 NEMA SM 1-2017 
Part 1: Referenced Standards and Definitions Part 1, Page xi 

© 2017 National Electrical Manufacturers Association 

Foreword 
 

This guide has been developed by the Motor and Generator Section and approved for publication as a 
standard of the National Electrical Manufacturers Association. It is intended to assist users in the proper 
selection and application of motors and generators. All persons having experience in the selection, use, 
or manufacture of electric motors and generators are encouraged to submit recommendations that will 
improve the usefulness of this guide. Inquiries, comments, and proposed or recommended revisions 
should be submitted to the Motor and Generator Section by contacting: 

 
Senior Technical Director, Operations 
National Electrical Manufacturers Association 
1300 North 17th Street, Suite 900 
Rosslyn, VA 22209 

 
The best judgment of the Motor and Generator Section on the performance and construction of motors 
and generators is represented in this guide. It is based upon sound engineering principles, research, and 
records of test and field experience. Also involved is an appreciation of the problems of manufacture, 
installation, and use derived from consultation with and information obtained from manufacturers, users, 
inspection authorities, and others having specialized experience. For machines intended for general 
applications, information as to user needs was determined by the individual companies through normal 
commercial contact with users.  

 
Practical information concerning performance, safety, test, construction, and manufacture of motors 
within the product scopes defined in the applicable section or sections of this publication is provided in 
this guide. 

 
In the preparation of this guide, consideration has been given to the work of other organizations whose 
standards are in any way related to motors and generators. Credit is hereby given to all those standards 
organizations that may have been helpful in the preparation of this volume. 

 
The standards or guidelines presented in a NEMA standards publication are considered technically 
sound at the time they are approved for publication. They are not a substitute for a product seller’s or 
user’s own judgment with respect to the particular product referenced in the standard or guideline, and 
NEMA does not undertake to guaranty the performance of any individual manufacturer’s products by 
virtue of this standard or guide. Thus, NEMA expressly disclaims any responsibility for damages arising 
from the use, application, or reliance by others on the information contained in these standards or 
guidelines. 
 
This standards publication was developed by the Motor and Generator Section. Section approval of the 
standard does not necessarily imply that all section members voted for its approval or participated in its 
development. At the time it was approved, the Motor and Generator Section was composed of the 
following members: 

 
ABB Group—Fort Smith, AR 
Bluffton Motor Works—Bluffton, IN 
Brook Crompton North America—Toronto, ON 
Cummins, Inc.—Minneapolis, MN 
GE Industrial Solutions—Plainville, CT 
Nidec Motor Corporation—Saint Louis, MO 
NovaTorque, Inc.—Fremont, CA 
Ram Industries—Leesport, PA 
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Regal-Beloit Corporation—Beloit, WI, composed of:  
Electra-Gear—Union Grove, WI 
Leeson Electric—Grafton, WI  
Lincoln Motors—Cleveland, OH 
Marathon Electric Manufacturing Corporation—Wausau, WI 

Schneider Electric—Palatine, IL 
SEW-Eurodrive, Inc.—Lyman, SC 
Siemens Industry, Inc.—Norcross, GA 
Sterling Electric, Inc.—Indianapolis, IN 
TECO-Westinghouse Motor Co.—Round Rock, TX 
Toshiba International Corporation—Houston, TX 
WEG Electric Motor Corp.—Duluth, GA 
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Section I 
General Standards Applying to All Machines 

Part 1 
Referenced Standards and Definitions 

1.1 Scope 

This guide covers general-purpose synchronous motors without excited rotor windings, including 
polyphase alternating-current permanent magnet motors rated 500 horsepower and less, designed in 
standard ratings with standard operating characteristics and mechanical construction for use under usual 
service conditions without restriction to a particular application or type of application, and incorporating all 
of the following:  
 

a.  Across the line starting 
b.  Permanent magnets in the rotor 
c.  Open or enclosed construction  
d.  Rated continuous duty  
e.  Class B or higher rated insulation system with a temperature rise at rated load not exceeding that 

specified in 7.15 for Class B insulation. 
 

1.2 Referenced Standards 

The following publications are adopted in whole or in part as indicated, by reference in this standards 
publication.  
 

American National Standards Institute (ANSI) 
25 West 43rd Street 
New York, NY 10036 

 
ANSI B92.1-1996 Involute Splines and Inspection 

ANSI C84.1-2016 Electric Power Systems and Equipment— 
Voltage Ratings (60 Hz) 

ANSI S12.12-1992 (R2017) Engineering Method for the Determination of Sound Power 
Levels of Noise Sources Using Sound Intensity 

ANSI S12.35-1990 (R2001) Precision Methods for the Determination of Sound Power Levels 
of Noise Sources in Anechoic and Hemi-Anechoic Rooms 

ANSI S12.51-2012 (R2017) Acoustics—Determination of sound power levels and sound 
energy levels of noise sources using sound pressure—Precision 
methods for reverberation test rooms 

ANSI S12.53-1-2011 (R2016) Acoustics—Determination of sound power levels of noise 
sources—Engineering methods for small, movable sources in 
reverberant fields—Part 1: Comparison method for hard-walled 
test rooms 

ANSI S12.53-2-1999 (R2004) Acoustics—Determination of sound power levels of noise 
sources—Engineering methods for small, movable sources in 
reverberant fields—Part 2: Methods for special reverberation test 
rooms 




